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Introduction: The cell-surface ectonucleotidase CD39 is a key molecule of the immuno-
suppressive adenosine pathway within the tumor microenvironment. However, the relation-
ship between CD39 and clear cell renal cell carcinoma (ccRCC) is rarely reported and still 
remains unclear.
Methods: CD39 expression was first analyzed using the Oncomine and the Tumor IMmune 
Estimation Resource (TIMER) databases, and then examined in ccRCC patients (n=367) who 
had undergone radical nephrectomy using immunohistochemistry (IHC) and real-time quan-
titative PCR analysis (qPCR). The prognosis value of CD39 in ccRCC was evaluated by Cox 
proportional hazards analysis. Functional and gene set enrichment analysis (GSEA) was 
performed using transcriptomic data of ccRCC from TCGA. Correlation analysis between 
CD39 and tumor-infiltrating lymphocytes (TILs) was performed using the TISIDB database. 
The impact of CD39 on immune checkpoint therapy (ICT) was evaluated by two public 
cohorts.
Results: CD39 mRNA and protein expression was upregulated in tumor tissues from ccRCC 
patients and aberrant expression of CD39 was associated with advanced tumor stage and 
poor prognosis in ccRCC patients. EMT, IL-2/STAT5, inflammatory response, interferon 
gamma and KRAS hallmark gene sets were identified as CD39-related signaling pathway. 
The expression level of CD39 was significantly and positively correlated with high abun-
dance of the regulatory TILs including NK cells, macrophages, Th cells and Treg cells. 
CD39 was correlated with expression of several immune checkpoints and higher CD39 
expression was associated with better OS of ccRCC patients who received ICT.
Conclusion: CD39 is a powerful prognostic marker of ccRCC patients. Increased tumor 
expression of CD39 mRNA is significantly correlated with infiltrating levels of TILs, and 
better efficacy of ICT to ccRCC. CD39 could be a novel therapeutic target for ccRCC.
Keywords: renal cell carcinoma, CD39, prognosis, TCGA, infiltrating immune cells, 
immune checkpoint therapy

Introduction
Renal cell carcinoma (RCC) is one of the most common genitourinary malignancies 
worldwide, contributing to about 3.8% of newly diagnosed cancers. In 2019, it was 
estimated that in the United States there were 73,750 new diagnoses of cancer of 
the kidney and renal pelvis, and 14,830 will die of the disease.1 An epidemiological 
study based on the Surveillance, Epidemiology, and End Results (SEER) database 
indicates that morbidity rates of RCC are rising on average 0.6% per year. Clear 
cell renal cell carcinoma (ccRCC) is the most common histological subtype of renal 
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tumor with malignant potential, accounting for approxi-
mately 75% of cases, and is considered one of the most 
aggressive subtypes.2 Despite immune checkpoint inhibi-
tor therapy, the prognosis of RCC is still unsatisfactory.3,4 

There still exists undefined molecular regulatory networks 
that promote ccRCC to relapse and metastasize, as well as 
develop drug resistance. Therefore, it is of great signifi-
cance to conduct more basic research to explore new 
molecular therapeutic targets for clinical application of 
ccRCC.

Tumor hypoxia, which is frequently observed in ccRCC, 
effectively regulates the tumorigenesis through a series of 
metabolic and immunological changes.5 Oxygen deprivation 
induces the accumulation of extracellular adenosine in tumors, 
which binds to the P1 purinergic receptors to restrain immune 
cell infiltration and activation.6 These immunosuppressive 
mechanisms may promote ccRCC to develop resistance to 
radiotherapy and immunotherapy, and inhibiting hypoxia and 
adenosine represents a potential target for anticancer therapy.7 

The cell-surface ectonucleotidase CD39, also known as ecto-
nucleoside triphosphate diphosphohydrolase-1 (ENTPD1), is 
a key molecule in the adenosine pathway. It specifically 
hydrolyses extracellular ATP to ADP and/or AMP, which is 
then dephosphorylated to adenosine in the presence of CD73 
(another critical ectonucleotidase of the adenosine pathway).6 

CD39 is expressed across a diverse range of cancer cell types, 
high expression of CD39 has been reported to be consistently 
correlated with poor prognosis in patients with non-small-cell 
lung cancers (NSCLCs), hepatocellular carcinoma (HCC), 
ovarian, gastric and breast cancers.8–12 Recently, the role of 
CD39 in regulating tumor immunity is emerging. 
Traditionally, CD39 was considered as a marker of Foxp3+ 
regulatory T cells in the tumor microenvironment, while more 
recently and in several studies, CD39 was identified as 
a marker for exhausted CD8+ T cells in cancer patients.13–16

Although the biological function of CD39 has been 
studied to some extent, the relationship between CD39 
and ccRCC is rarely reported and still remains unclear. In 
this study, we have measured the expression of CD39 in 
surgical resected ccRCC tissue and evaluated the correla-
tion of CD39 mRNA levels with clinicopathological fac-
tors. We have also investigated the association between 
tumor CD39 mRNA levels and prognosis of ccRCC 
patients to determine prognostic value. Moreover, we have 
identified the potential pathways where CD39 might be 
involved and analyzed the relativity between CD39 and 
tumor-infiltrating immune cells in ccRCC patients using 
public databases to comprehend the underlying mechanism.

Materials and Methods
Selection of Patients
A total of 367 patients receiving radical nephrectomy due to 
ccRCC (from Aug 2008 to Sept 2017) were recruited from 
the Department of Urology, Fudan University Shanghai 
Cancer Center (FUSCC) (Shanghai, China). The clinical 
and pathological information of each patient were recorded, 
including age at surgery, sex, depth of tumor invasion (T), 
lymph node metastasis (N), distant metastasis (M), 
International Society of Urological Pathology (ISUP) grad-
ing classification and pTNM stage (Table 1). Tissue sam-
ples, including paired tumor and para-carcinoma normal 
samples, were collected during surgery and preserved in 
the FUSCC tissue bank. Overall survival (OS) was defined 

Table 1 Demographics and Clinical Characteristics of ccRCC 
Patients According to Their CD39 Expression

Parameters All Patients (n=367)

Low 

Expression 

(n=210)

High 

Expression 

(n=157)

p value

Age 0.815

<60 years 243 (66.2) 138 (65.7) 105 (66.9)

≧60 years 124 (33.8) 72 (34.3) 52 (33.1)

Gender 0.805

Male 2,48 (67.6) 143 (68.1) 105 (66.9)

Female 119 (32.4) 67 (31.9) 52 (33.1)

Invasion deep 0.003*

T1/T2 303 (82.6) 184 (87.6) 119 (75.8)

T3/T4 64 (17.4) 26 (12.4) 38 (24.2)

Lymph node 

metastasis

0.127

N0 322 (87.7) 189 (90.0) 133 (84.7)

N1 45 (12.3) 21 (10.0) 24 (15.3)

Distant 

metastasis

0.002*

M0 308 (83.9) 187 (89.0) 121 (77.1)

M1 59 (16.1) 23 (11.0) 36 (22.9)

pTNM stage 0.004*

I/II 288 (78.5) 176 (83.8) 112 (71.3)

III/IV 79 (21.5) 34 (16.2) 45 (28.7)

ISUP grade 0.147

1/2 175 (47.7) 107 (51.0) 68 (43.3)

¾ 192 (52.3) 103 (49.0) 89 (56.7)

Notes: Data expressed as count and percentage for categorical variables and were 
performed by Chi-square test. *p <0.05 between low-expression and high- 
expression groups. 
Abbreviations: ccRCC, clear cell renal cell carcinoma; ISUP, International Society 
of Urological Pathology.
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as the time from radical nephrectomy to death or last fol-
low-up. Patients’ progression-free survival (PFS) was cal-
culated from the initiation of surgery until the first 
progression, including the start of a second-line treatment 
and death. This study was approved by the institutional 
ethics committee of FUSCC and written informed consent 
was obtained from all the patients preoperatively.

Immunohistochemistry
Six ccRCC and para-carcinoma normal tissues were collected 
from the overall patient cohort and fixed in 10% buffered 
formalin, embedded in paraffin. Immunohistochemistry was 
then performed to detect the expression of CD39 (recombinant 
rabbit monoclonal antibody, 1:50 dilution; ab223842, Abcam, 
USA) proteins, according to the manufacturer’s instructions. 
An HRP-conjugated secondary antibody and DAB kit (Dako, 
Agilent Technologists, CA, USA) were used to visualize anti-
body binding. Immunostaining reactivity was observed by two 
experienced pathologists independently.

Real-Time Quantitative PCR Analysis
Total RNA from harvested cells was isolated using Trizol 
reagent (Invitrogen, Carlsbad, CA, USA) in accordance 
with attached protocols. RNA was reverse transcribed into 
cDNA using a PrimeScript RT reagent Kit (Thermo Fisher, 
USA). Primers were diluted and mixed in RNase free dH2 

O in SYBR® Green qPCR kit (Takara Biotechnology Co). 
β-actin RNA expression was measured for standardization. 
Primer sequences for human CD39 were as follows: for-
ward 5ʹ- CTGATTCCTGGGAGCACATC-3ʹ and reverse 
5ʹ- CTGGGATCATGTTGGTCAGG-3ʹ. Specific condi-
tions of operating cycles for CD39 and β-action were per-
formed according to SYBR® Green qPCR master mix 
(Applied Biosystems) manufacturer protocols. The relative 
CD39 mRNA expression was represented as ΔCt =Ct 
(CD39) – ΔCt(β-actin). Relative expression in ccRCC was 
represented using the ratio of CD39 expression in Tumor/ 
Normal tissues (T/N). X-tile software was utilized to take 
the cut-off value of the T/N ratio of CD39 mRNA expres-
sion, where T/N ≤ 2.55 represented low expression and T/N 
> 2.55 represented high expression.

Bioinformatics Analysis
RNAseq gene expression data of ccRCC 
(“Level_3_RSEM_genes_normalized”) and patient clinical 
data were downloaded from the TCGA repository (https:// 
portal.gdc.cancer.gov/). Bioinformatics analysis was per-
formed using R software 3.5.2 (R Foundation for 

Statistical Computing, Vienna, Austria). The “limma” pack-
age was used to perform differential expression analysis 
(log FC>0.5, P<0.05).17 The “pheatmap” and the “ggplot2” 
package were then utilized to visualize differentially 
expressed genes (DEGs). GO function analysis and gene 
set enrichment analysis (GSEA) was performed using the 
“clusterprofiler” package based on hallmark gene sets.18,19 

The DEGs gene-concept network was constructed based on 
the most significant hallmark gene clusters. We calculated 
the epithelial–mesenchymal transition (EMT)-related gene 
expression score via the arithmetic mean of the 200 EMT- 
related gene expression levels based on the work by Wang 
et al (log2-transformed).20

The Tumor IMmune Estimation Resource (TIMER) 
algorithm database (https://cistrome.shinyapps.io/timer/) 
and the Oncomine database (https://www.oncomine.org/ 
resource/main.html) were used to estimate CD39 gene 
expression levels in various types of cancers.21,22 We 
then analyzed the relationship between CD39 expression 
and abundance of various types of tumor-infiltrating lym-
phocytes (TILs) in ccRCC patients via TISIDB (an inte-
grated repository portal for tumor-immune system 
interactions) database (http://cis.hku.hk/TISIDB).23 The 
correlation analysis between the CD39 expression level 
and PD-1, PD-L1 and CTLA4 was also performed.

Survival Data of Immune Checkpoint 
Therapy Patient Cohorts
Miao et al performed whole exome sequencing of 35 meta-
static ccRCC patients who received anti-programmed cell 
death-1 receptor (anti-PD-1) therapy (nivolumab).24 

Sequencing and survival data of these metastatic ccRCC 
patients were downloaded for further analysis. The primary 
outcome to evaluate the response of patients to ICT was OS.

Statistical Analysis
SPSS Statistics software package, version 23.0 (Chicago, 
IL, USA) was used for the statistical analysis. 
Demographic characteristics were summarized by count 
and percentage for categorical variables, and chi-square 
was performed to compare the distribution of categorical 
data between different CD39 mRNA expression sets. 
Spearman correlation coefficient was utilized to evaluate 
the correlation of gene expression. Survival analysis was 
performed using the Kaplan–Meier method and P values 
were determined using Log rank test. Univariate and mul-
tivariate Cox logistic regression models were used to 
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evaluate the hazard ratios of prognostic factors. All statis-
tic assessments were evaluated at a two-sided P value 
of 0.05.

Results
Expression of CD39 in ccRCC
In this study, we first investigated the expression of CD39 in 
ccRCC tissues both on protein and transcription level to 
preliminarily estimate its role in ccRCC. Public database 
analysis using the TIMER algorithm database (using TCGA 

RNA-sequencing data) and the Oncomine database 
revealed that mRNA level of CD39 in ccRCC significantly 
increased compared with normal tissues (Figure 1A and B). 
To further validate CD39 expression in ccRCC, we per-
formed IHC and real-time PCR on the specimens collected 
from ccRCC patients. According to immunohistochemistry, 
CD39 was mainly expressed in ccRCC tissues, and was 
primarily localized to the cell membrane. There was also 
positive CD39 expression in the stromal fibroblasts and 
lymphocytes, suggesting a complex function of CD39 in 

Figure 1 Expression of CD39 in ccRCC. (A and B) CD39 expression level in different cancer types in the Oncomine database and TCGA database (analyzed by TIMER). 
(C and D) CD39 protein expression in ccRCC tissues (C, 200×magnification; D, 400×magnification). (E) CD39 mRNA expression in ccRCC and para-carcinoma normal 
tissue. (F) The percentage of different CD39 mRNA expression described by different T/N (ccRCC/normal tissue).
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the tumor microenvironment (Figure 1C and D plus 
Supplementary Figure 1). The CD39 mRNA expression 
profile in ccRCC tumor tissue based on real-time PCR 
data revealed a much higher expression level of CD39 in 
tumor tissues compared with normal tissues, indicating that 
CD39 may be involved in the development and progression 
of ccRCC (Figure 1E). The overall ccRCC patient cohort 
was then stratified into low-CD39-expression group (210, 
57.2%) and high-CD39-expression group (157, 42.8%) 
according to the T/N ratio. Figure 1F shows the dramatic 
difference in the distribution concerning the T/N ratio.

The Relationship Between CD39 
Expression and Clinicopathological 
Characteristics in ccRCC Patients
We next investigated the relationship between CD39 level and 
various clinicopathological characteristics in ccRCC patients. 
Demographic and clinical characteristics of ccRCC patients 
are summarized in (Table 1 plus Supplementary Table 1). 
Patients with high CD39 mRNA expression significantly cor-
related with advanced T stage (p=0.003), M stage (p=0.002) 
and pTNM stage (p=0.004). However, the expression of CD39 
was not associated with age, sex, positive lymph node metas-
tasis (advanced N stage) and advanced ISUP grade (p>0.05).

Cox Regression Analyses and Survival 
Outcomes of the Cohorts
We further examined the associations between the CD39 
mRNA expression and survival outcome in a ccRCC 
patients. The Kaplan–Meier survival curve and Log rank 
test analysis revealed that elevated CD39 expression was 
significantly associated with poorer PFS (p<0.001) and OS 
(p<0.001) (Figure 2A and B).

We also utilized univariate and multivariate Cox regres-
sion to estimate survival outcomes in ccRCC patient cohort. 
Univariate Cox regression showed that high CD39 expres-
sion was independently associated with poor PFS (HR: 
1.627; p=0.001) and OS (HR: 1.782; p<0.001) for ccRCC 
patients, as were age at surgery (PFS: p=0.025, OS: 
p=0.017) and advanced ISUP grade (PFS: p<0.001, OS: 
p<0.001), while sex was not assessed as prognostic indica-
tors of PFS (p=0.076) and OS (0.906) in our study (Tables 2 
and 3). Multivariate Cox regression included factors that 
proved to be prognostic indicators in univariate analysis. 
Notably, high CD39 expression remained a significant inde-
pendent prognostic factor of PFS (HR: 1.394; p=0.023) and 
OS (HR: 1424; p=0.037) in ccRCC patients in multivariate 
analysis, as were lymph node metastases (PFS: p<0.001, 
OS: p=0.003), distant metastases (PFS: p=0.024, OS: 
p=0.017), pTNM stage (PFS: p<0.001, OS: p<0.001) and 
ISUP grade (PFS: p<0.001, OS: p=0.004). Patients with 
positive lymph node metastasis, positive distant metastasis, 
advanced stage tumor and ISUP grade had worse PFS and 
OS. While age at surgery (PFS: p=0.330, OS: p=0.140) and 
tumor invasion depth (PFS: p=0.368, OS: p=0.351) were 
not considered as independent prognostic factors of ccRCC 
patients (Tables 2 and 3).

Taking these data together, elevated CD39 mRNA 
expression was an independent predictor of poor prognosis 
for ccRCC patients suggesting CD39 can be a potential 
prognostic biomarker for ccRCC patients.

Identifying the CD39-Related Signaling 
Pathway Based on TCGA ccRCC Dataset
To investigate the underlying mechanism of CD39 in pro-
moting tumor progression, we conducted differential expres-
sion analysis based on the RNAseq data of ccRCC from 
TCGA and utilized a volcano plot to visualize the result 

Figure 2 Kaplan–Meier survival analyses of ccRCC patients stratified by the mRNA expression level of CD39. (A) Kaplan–Meier curves showing OS of patients. (B) Kaplan– 
Meier curves showing PFS of patients.
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(Figure 3A). We also utilized a heatmap to show the correla-
tion between the DEGs and clinicopathological characteris-
tics of the TCGA ccRCC cohort (Figure 3B). We then 
conducted GSEA of the DEGs in ccRCC based on hallmark 
gene sets to identify CD39-associated signaling pathways. 
The results revealed that differentially expressed genes of 
CD39 were enriched in the following gene set: 
HALLMARK_EPITHELIAL_MESENCHYMAL_TRAN-
SITION, HALLMARK_IL2_STAT5_SIGNALING, HALL 
MARK_INFLAMMATORY_RESPONSE, HALLMARK_ 
INTERFERON_GAMMA_RESPONSE, HALLMARK_ 
KRAS_SIGNALING_UP (Figure 4A). A gene-concept net-
work was constructed to display the most significant enriched 
hallmark gene clusters and the genes involved with these 
significant terms (Figure 4C). GO functional analysis 
revealed that the DEGs were mainly enriched by T cell 
activation and negative regulation of the immune system 
process in the biological process (BP) group. The mitochon-
drial inner membrane and cell-substrate junction were the 

most enriched terms in the cellular component (CC) group. 
For the molecular function (MF) group, the DEGs were 
mainly enriched in actin-binding and guanyl-nucleotide 
exchange factor activity (Figure 4B). Moreover, we further 
demonstrated that CD39 was significantly correlated with 
a high EMT-related gene expression score (Spearman’s 
rho=0.5, p<0.001) (Figure 4D).

CD39 Expression is Associated with Several 
Types of Infiltrating Immune Cells and Better 
Response of ccRCC Patients to ICT
Finally, in order to investigate the role of CD39 in the 
immune microenvironment in ccRCC, we analyzed the cor-
relation between CD39 expression and tumor-infiltrating 
immune cells via TISIDB. The expression level of CD39 
was significantly and positively correlated with infiltrating 
levels of immature B cells (r=0.359, p=5.32e-18), macro-
phages (r=0.434, p=0), mast cells (r=0.449, p=0), natural 
killer (NK) cells (r=0.514, p=0), natural killer T (NKT) 

Table 2 Univariate and Multivariate Cox Regression Analyses of PFS in 367 Enrolled ccRCC Patients

Covariates Univariate Analysis Multivariate Analysis

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

Age at surgery 1.014 (1.002–1.026) 0.025* 1.006 (0.994–1.019) 0.330

Sex (male vs female) 0.756 (0.556–1.030) 0.076
Invasion deep (T1/T2 vs T3/T4) 9.811 (6.946–13.858) <0.001* 1.313 (0.726–2.374) 0.368

Lymph node metastasis (N0 vs N1) 12.235 (8.318–17.997) <0.001* 2.389 (1.468–3.888) <0.001*

Distant metastasis (M0 vs M1) 8.781 (6.293–12.253) <0.001* 1.735 (1.076–2.799) 0.024*
pTNM stage (Ⅰ/Ⅱ vs III/Ⅳ) 12.538 (8.885–17.694) <0.001* 4.148 (2.046–8.409) <0.001*

ISUP grade (1/2 vs 3/4) 2.760 (2.054–3.709) <0.001* 1.769 (1.285–2.436) <0.001*

CD39 expression (low vs high) 1.627 (1.234–2.146) 0.001* 1.394 (1.048–1.855) 0.023*

Note: *p <0.05. 
Abbreviations: PFS, progression-free survival; ccRCC, clear cell renal cell carcinoma; HR, hazard ratio; CI, confidence interval; ISUP, International Society of Urological 
Pathology.

Table 3 Univariate and Multivariate Cox Regression Analyses of OS in 367 Enrolled ccRCC Patients

Covariates Univariate Analysis Multivariate Analysis

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

Age at surgery 1.016 (1.003–1.030) 0.017* 1.010 (0.997–1.025) 0.140

Sex (male vs female) 0.980 (0.698–1.376) 0.906
Invasion deep (T1/T2 vs T3/T4) 11.455 (7.979–16.444) <0.001* 1.332 (0.729–2.433) 0.351

Lymph node metastasis (N0 vs N1) 11.027 (7.438–16.346) <0.001* 2.055 (1.270–3.325) 0.003*

Distant metastasis (M0 vs M1) 10.347 (7.244–14.779) <0.001* 1.856 (1.118–3.082) 0.017*
pTNM stage (Ⅰ/Ⅱ vs III/Ⅳ) 14.517 (10.026–21.019) <0.001* 4.839 (2.338–10.015) <0.001*

ISUP grade (1/2 vs 3/4) 3.387 (2.366–4.849) <0.001* 1.798 (1.206–2.681) 0.004*

CD39 expression (low vs high) 1.782 (1.295–2.450) <0.001* 1.424 (1.022–1.984) 0.037*

Note: *p <0.05. 
Abbreviations: OS, overall survival; ccRCC, clear cell renal cell carcinoma; HR, hazard ratio; CI, confidence interval; ISUP, International Society of Urological Pathology.
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cells (r=0.339, p=0), effector memory CD4+ T cells (r=4, 
p=0), effector memory CD8+ T cells (r=0.437, p=0), type 1 
T helper (Th1) cells (r=0.398, p=0), type 2 T helper (Th2) 

cells (r=0.534, p=0) and regulatory T (Treg) cell (r=0.422, 
p=0) in ccRCC (Figure 5). In addition, based on the TCGA 
database, we found that CD39 was correlated with PD-1 

Figure 3 Differential expression analysis based on the RNAseq data of ccRCC from TCGA. (A) Volcano plot showing DEGs based on CD39 mRNA expression. The red 
dots represent up-regulated genes and the blue dots represent down-regulated genes. (B) Expression profiles of DEGs across TCGA ccRCC samples.
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(Spearman’s rho=0.28, p<0.001), PD-L1 (Spearman’s 
rho=0.28, p<0.001) and CTLA4 (Spearman’s rho=0.34, 
p<0.001) expression levels (Figure 6A–C). We then used 
sequencing and survival data of ccRCC patient cohorts 
uploaded by Miao et al to query the impact of CD39 expres-
sion on OS of patients treated with ICT. The Kaplan–Meier 
survival curve and Log rank test analysis revealed that ele-
vated CD39 expression was significantly associated with 
better OS both in ccRCC (p=0.0072) ICT-treated patients 
(Figure 6D). Together, these findings suggested that CD39 
participated in the regulation of the tumor-immune micro-
environment and could be a specific prognosticator of anti-
tumor immune response of ICT in ccRCC patients.

Discussion
As the rate-limiting enzyme in the hydrolysis of extracel-
lular ATP/ADP, CD39 participates in the generation of 

adenosine, a major immunosuppressive molecule that pro-
motes tumor growth and progression.6,25 CD39 was first 
identified as a dominant cell-surface ectonucleotidase in 
the purinergic regulation of inflammation during chronic 
inflammatory diseases.26,27 During the last decade, the role 
of CD39 in the context of tumorigenesis has been high-
lighted. Activation of the adenosinergic pathway occurs 
within hypoxic tumors including renal cell carcinoma, and 
elevated CD39 expression has been shown to be an inde-
pendent poor prognostic factor in various types of 
cancer.10,11,28 ccRCC is characterized by a clear cyto-
plasm, which is due to glycogen and lipid accumulation, 
indicating that genetic mutations are involved in cellular 
metabolism.29 Complex metabolic reprogramming is fre-
quently observed in this malignancy, including impair-
ments of glycolysis, lipid and nucleotide metabolism, as 
well as mitochondrial bioenergetics.30,31 Abnormal 

Figure 4 Functional and gene set enrichment analysis of CD39 based on TCGA ccRCC samples. (A) Pathway enrichment analysis of DEGs based on the hall mark gene sets. 
(B) GO function analysis of DEGs. The top group represents BP group, the middle group represents CC group and the bottom group represents MF group. (C) DEGs gene- 
concept network based on the most significant hallmark gene clusters. (D) Plot of the correlation between CD39 and EMT-related gene in TCGA ccRCC samples.
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Figure 5 Correlation analysis of CD39 expression with infiltrating immune cells via the TIMER database. CD39 expression was significantly and positively correlated with 
infiltrating levels of immature B cells (A), macrophages (B), mast cells (C), natural killer (NK) cells (D), natural killer T (NKT) cells (E), effector memory CD4 T cells (F), 
effector memory CD8 T cells (G), type 1 T helper cells (H), type 2 T helper cells (I) and regulatory T (Treg) cells (J).

Figure 6 Plot of the correlation between CD39 and PD-1 (A), PD-L1 (B), CTLA4 (C) in TCGA ccRCC samples. High-expression level of CD39 is associated with better 
overall survival in cohorts of ccRCC patients (D).
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activation of the adenosine pathway is an essential meta-
bolic alteration involved in the progression of ccRCC. 
However, the role of CD39 in the development and pro-
gression of ccRCC is rarely reported and still largely 
unknown until now.

In the present study, we enrolled 367 patients who had 
undergone radical nephrectomy in our center to investigate 
CD39 protein and mRNA expression in ccRCC tissues. 
We found that CD39 was upregulated in tumor tissues of 
ccRCC both in protein and mRNA levels. Moreover, aber-
rant expression of CD39 was associated with advanced 
tumor stage and poor prognosis in ccRCC patients. 
Analysis based on Oncomine and TIMER datasets also 
came to the same conclusion. Our study thus demonstrated 
that aberrant CD39 expression was a potential prognostic 
biomarker for ccRCC patients.

Hallmark gene sets are a collection of refined gene sets 
derived from multiple MSigDB sets, representing 
a specific biological process and providing more refined 
inputs for pathway enrichment analysis.18 After identify-
ing the DEGs of CD39, we further demonstrated that these 
genes were primarily enriched in EMT. The correlation 
analysis between CD39 and EMT-related gene expression 
also proved this result. Moreover, GSEA also identified 
IL-2/STAT5, inflammatory response, interferon gamma 
and KRAS as CD39-related signaling pathways. EMT is 
a biological process that improved the invasion and metas-
tasis capacity of cancers.32 KRAS is also an important 
tumor-promoting process involved in the tumor 
microenvironment.33 IL-2 and interferon gamma are key 
cytokines in the regulation of the anti-tumor immune sys-
tem. Recently, several studies found that IL-2 and inter-
feron gamma also participate in the anti-tumor process of 
ICT.31,34 Although CD39 was primarily recognized as 
a significant molecule in the adenosinergic pathway and 
participated in the tumor immunosuppression.6,27 

However, the results of our research indicated that the 
role of CD39 plays in the tumor microenvironment was 
much more complicated and the mechanism of CD39 in 
the progression of ccRCC involved various activated sig-
naling pathways.

ICT with anti-PD-1 and anti-PD-L1 therapies have 
revolutionized the treatment of various advanced cancer 
including ccRCC.3,4 Although immune checkpoint inhibi-
tors (ICIs) can significantly improve prognosis of ccRCC 
patients, there still exist a considerable proportion of 
patients who remain unresponsive or resistant to ICT.35 

ccRCC is characterized as one of the most immune- 
infiltrated tumors.36 Signals in the immune microenviron-
ment including the accumulation of oncometabolites, or 
T-cell dysfunction may heavily affect the responses of 
patients with ccRCC to ICT.37,38 Previous studies have 
demonstrated that CD39 is broadly expressed across var-
ious types of immune cells, and recently the specific role 
of CD39 in these cells has been clarified gradually.6 Zhang 
et al proposed that CD39 suppressed NK cell-mediated 
immunity and promoted tumor metastases.39 Takenaka 
et al identified that CD39 driven by the aryl hydrocarbon 
receptor (AHR) participates in the regulation of tumor- 
associated macrophages and T cells in glioblastoma.40 

Canale et al demonstrated that CD39 could define cell 
exhaustion in tumor-associated CD8+ T Cells.41 Simoni 
et al proposed CD39 as a molecule that could be used to 
address the presence of bystander T cells in cancer 
patients.15 Qi et al demonstrated that a high frequency of 
CD39+CD8+ T cells was independently associated with 
a poor prognosis in ccRCC.42 In this study, we also 
demonstrated that the DEGs of CD39 were remarkably 
enriched in T cell activation and negative regulation of 
the immune system process through GO function analysis. 
Moreover, we further validated and investigated the role of 
CD39 in the immune microenvironment of ccRCC 
patients. Based on public database analyses, we found 
that high CD39 expression always accompanied with 
a high abundance of regulatory TILs including NK cells, 
macrophages, Th cells and Treg cells. While association 
between CD39 and effector or activated cells was weak. 
Combining these results and the special role that CD39 
plays in the adenosine pathway, we proposed that CD39 
may participate in the regulation of several immune cells 
to create an immunosuppressive tumor microenvironment. 
Moreover, we observed correlations between CD39 and 
several immune checkpoints. Thus, we further utilized 
ccRCC ICT data from the study of Miao et al to investi-
gate the impact of CD39 expression on the efficacy of ICT. 
The results revealed that higher CD39 expression was 
associated with better OS in the ccRCC patients. 
However, the molecular mechanism of the correlation 
between immunosuppressive CD39 and the patient 
response to ICT remains unclear. A possible explanation 
is that high CD39 expression always accompanied with 
high abundance of regulatory TILs, while most of these 
TILs exhibited a dysfunctional phenotype and lost immune 
control of tumors. Somehow immune checkpoint inhibitor 
may reactive the exhausted immune cells and restore 
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tumor immunity. However, both in vivo and in vitro 
experiments should be conducted to explore the molecular 
mechanism of CD39 facilitating the formation of immu-
nosuppressive environment.

In conclusion, our study demonstrated that the CD39 
mRNA level was a powerful prognostic marker of ccRCC 
patients. Moreover, we observed a significant correlation 
between CD39 and EMT, IL-2/STAT5, inflammatory 
response, interferon gamma, KRAS and infiltrating levels 
of TILs. High tumor CD39 expression was also associated 
with better OS of ccRCC patients who received ICT, 
indicating that CD39 could be a novel therapeutic target 
for improving treatment strategies for ccRCC.
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