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Novel and Impact (75 words)   

In this study, by dissecting the mechanisms regulating the CD39 expression on tumor-

infiltrating CD8+ T cells, we provided evidence supporting that CD39 inhibition may represent 

a novel immunotherapy strategy. 
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CRC (colorectal cancer) 

HNSCC (head and neck cancer)  

ICB (immune check point blockade) 

IF (Immunofluorescence) 

mAbs (monoclonal antibodies) 

NSCLC (non-small cell lung cancer) 

N-TUM (non-tumor) 

PBMC (peripheral blood mononuclear cells)  

PCA (pancreatic cancer adenocarcinoma) 

SNP (single nucleotide polymorphism)  

TME (tumor microenvironment) 

TRM (T resident memory) 

TUM (tumor)  
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ABSTRACT 250 word (217) 

In this study, we investigated the role of CD39 on tumor-infiltrating CD8+ T lymphocytes 

(CD8+ TILs) in colorectal, head and neck and pancreatic cancers. Partially confirming recent 

observations correlating the CD39 expression with T cell exhaustion, we demonstrated a 

divergent functional activity in CD39+CD8+ TILs. On the one hand, CD39+CD8+ TILs (as 

compared with their CD39– counterparts) produced significantly lower IFN-γ and IL-2 

amounts, expressed higher PD-1, and inversely correlated with perforin and granzyme B 

expression. On the other, they displayed a significantly higher proliferative capacity ex vivo 

that was inversely correlated with the PD-1 expression. Therefore, CD39+CD8+ TILs, 
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including those co-expressing the CD103 (a marker of T resident memory [TRM] cells), were 

defined as partially dysfunctional T cells that correlate with tumor patients with initial 

progression stages. Interestingly, our results identified for the first time a single nucleotide 

polymorphism (SNP rs10748643 A > G), as a genetic factor associated with CD39 

expression in CD8+ TILs. Finally, we demonstrated that compounds inhibiting CD39-related 

ATPases improved CD39+CD8+ T cell effector function ex vivo, and that CD39+CD8+ TILs 

displayed effective suppression function in vitro. Overall these data suggest that the SNP 

analysis may represent a suitable predictor of CD39+CD8+ T cell expression in cancer 

patients, and propose the modulation of CD39 as a new strategy to restore partially 

exhausted CD8+ TILs.   

 

 

5000 words of text (5000) 

INTRODUCTION  

CD39 is a triphosphate diphosphohydrolase 1 (ENTPD1) enzyme expressed at high levels 

on the surface of cancer cells that, together with the enzymatic activity of CD73, is 

responsible of a cascade pathway, by which adenosine triphosphate (ATP) is converted in 

adenosine diphosphate (ADP) and cyclic adenosine monophosphate (cAMP), leading 

ultimately to the release of an immunosuppressive form of adenosine in the tumor 

microenvironment (TME) 1,2. Adenosine is a signaling molecule that influences 

tumorigenesis directly via activation of adenosine receptors on tumor cells, affecting 

oncogenic processes of several solid human cancers 2–5. However, recent observations 
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highlighted the expression of CD39 on different immune cells, playing diverse roles in cancer 

according to immune cell functions 6–12. CD39 has been firstly described as a regulatory T 

cell (Treg) marker, whose activity is crucial to explicate immunosuppressive functions of 

Tregs degrading extracellular ATP 13. CD39 expression on highly suppressive Tregs is 

controlled by a single nucleotide polymorphism (SNP-rs10748643) located in the promoter 

region of CD39, further modulating Treg suppressive functions 14,15. Indeed, CD39+ Tregs 

are accumulated in different solid cancers supporting the suppression of anti-tumor immune 

responses 7,16,17.  

More recent evidences proposed the expression of CD39 on CD8+ T cells as a marker of 

exhausted tumor-infiltrating lymphocytes (TILs), in both a variety of experimental tumor 

models 18,19 and human solid cancers (e.g., non-small cell lung cancer [NSCLC], colorectal 

cancer [CRC] and head and neck cancer [HNSCC]) 20–22, in which the exhausted phenotype 

was characterized by low ability of IFN-γ production and high expression of PD1 20–22. 

Despite the majority of these data described CD39+CD8+ T cells as exhausted CD8+ T cells 

in tumors, a recent study demonstrated the co-expression of CD39 with the CD103 marker 

of resident memory CD8+ T cells (TRM), suggesting a protective role for these cells in cancer 

survival 23–25.   

Our study analyzed the frequency of CD39+CD8+ TILs in various human solid tumors (i.e., 

CRC, HNSCC, pancreatic cancer adenocarcinoma [PCA]) and showed a functional 

dichotomy of these cells (poor IFN-γ production and cytotoxic activity vs. enhanced 

proliferation). In addition, it described for the first time the role of a single nucleotide 

polymorphism modulating CD39 expression on CD8+ TILs, and supported the possibility that 
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CD39 expression may represent a valid biomarker of partially exhausted CD8+ TILs, and 

even a novel immune checkpoint for restoring T cell exhaustion 26,27. Given the importance 

of CD8+ TILs in solid cancers and their impact on cancer survival 28, and because the current 

checkpoint inhibitors (e.g. ant-PD-1, anti-CTLA-4, anti-PDL-1 monoclonal antibodies 

[mAbs]) are not efficient for all tumor types or cause partial remission in the majority of 

tumors 29–32, innovative immunotherapy strategies particularly based on the combination of 

different approaches including new inhibitors providing immune check point blockade (ICB) 

33–35, can strongly impact the phenotypic and functional features of CD8+ T cells in the TME.  

 

MATERIALS AND METHODS 

Human samples and processing 

Peripheral blood mononuclear cells (PBMCs), tumor (TUM) and non-tumor (N-TUM) surgery 

specimens were obtained from patients enrolled at the Policlinico Umberto I, Sapienza 

University of Rome and at the Istituto Nazionale dei Tumori, Regina Elena, Rome, upon 

approval by the Institutional Ethic Committee (No. 3596, 4382, 2926). All procedures were 

performed in accordance with the ethical standards of the 1975 Helsinki declaration and its 

amendments and with the patients’ informed consent. 

The study included patients with CRC (n=60), HNSCC (n=19), PCA (n=3) and a patient with 

NSCLC on Nivolumab treatment (followed up by 3 time points; each treatment has been 

performed every 21 days). CRC patients were not previously treated with adjuvant 

chemotherapy. Patient characteristics are listed in Table S1 and S2. 
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PBMCs were isolated from the patients’ fresh blood by density gradient centrifugation with 

Lympholyte (Cedarlane Cat# CL502) and collected in complete RPMI 1640 medium (Gibco 

Cat# 22409-015) containing 10% FBS (Gibco Cat# 10270-106), 2 mM L-glutamine (Gibco 

Cat# 25030-024), penicillin/streptomycin (Sigma Cat# 15070-063), non-essential amino 

acids (Aurogene Cat# AU-X0557-100), Na-pyruvate (Euroclone Cat# ECM0160009), and 

50 mM 2-mercaptoethanol (Sigma Cat# M6250). 

Mononuclear cells (MCs) were isolated from TUM and N-TUM tissue optimizing a published 

protocol 7,35. Tissue specimens were washed in HBSS Ca-Mg- (Gibco Cat# 14175-095), 

1mM DTT (Sigma Aldrich Cat# D0632-25G), 2,5% FBS (Gibco Cat# 10270-106) 15min at 

37°C, and in PBS (Sigma Aldrich Cat# D8537), 0.75mM EDTA (Sigma Aldrich Cat# E4884) 

2x15min at 37°C. Tissue disruption was achieved by mechanical and enzymatic dissociation 

on a GentleMACS dissociator (MACS C tubes, Miltenyi Cat# 130-096-334), in HBSS 

Ca+Mg+ (Gibco Cat# 14025-050), 0.5mg/ml Collagenase IV (Sigma Aldrich Cat# C5138), 

50ng/ml DNAseI (Worthington Cat# LS002058), 6mg/ml BSA (Sigma Aldrich Cat# A9418), 

2% FBS (Gibco Cat# 10270-106), pre-warmed at 37°C, performing two dissociation cycles 

at RT, 116 rpm, 36” and one cycle at 37°C, 20 rpm, 10min. The enzymatic digestion was 

blocked with cold HBSS Ca-Mg- and specimens were filtered through a 70um cell strainer. 

Isolated cells were pelleted by centrifugation (1600rpm 10min), washed in 40% Percoll (GE 

Healthcare Cat# GE17-0891-01) and MCs were recovered by density gradient separation 

(as above), washed in PBS and collected in complete RPMI medium.  

Flow cytometry 
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Multicolor flow cytometry was performed using antibodies listed in Table S3 and following 

latest guidelines for flow cytometry studies 36. Dead cells were excluded using fixable 

Viability Dye eFluorTM780 (eBioscience Cat# 65-0865-14) 30min at room temperature. 

Surface staining was performed incubating cells with antibodies 20min at 4°C in PBS 2% 

FBS. Intracellular staining was achieved using Fix/Perm and Perm-Wash buffers according 

to manufacturer’s instructions (BD Cat# 554714, eBioscience Cat# 00-5523-00). Before T-

bet, cytokine and Ki67 staining, cells were stimulated 4h at 37°C with Cell Stimulation 

Cocktail plus protein transport inhibitors (eBioscience Cat# 00-4975-03). Data were 

acquired on LSR Fortessa (BD) and analysed with FlowJo software (LLC, version 10.2). For 

the gating strategy, lymphocytes were selected based on SSC-A and FSC-A, doublets 

excluded using FSC-A and FSC-H. CD8 T cells were gated as live cells staining negative 

for dump gate markers identifying non-T cell lineages (CD14, CD16, CD19 and CD56) and 

negative for CD4. 

SNP analysis 

For CD39 SNP genotyping, DNA was extracted from patient PBMCs (1-5 x106 cells) using 

the DNeasy Blood and Tissue kit (Qiagen Cat# 69504) and quantified on an Implen P330 

nanophotometer. Analysis of the SNP (rs10748643) in the ENTPD1 gene (Chr10:97516764) 

was performed with the specific TaqMan SNP Genotyping assay (Applied Biosystems Cat# 

4351379) 14,15 on 10ng DNA/sample following manufacturer instructions. Real-Time PCR 

was performed on a StepOne instrument (Applied Biosystems). 

Immunofluorescence analysis  
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Immunofluorescence (IF) staining was performed on 2μm formaldehyde-fixed paraffin 

embedded (FFPE) serial tissue sections following deparaffinization and antigen retrieval 

procedures. Slides were blocked for 60 min with 1% BSA and 5% normal goat serum and 

antibodies were added consecutively 37 as follows. First, sections were incubated with anti-

CD103 antibody overnight at 4°C, followed by 60 min incubation with Alexa Fluor 488 goat 

anti-rabbit IgG. Then, slides were incubated with Alexa Fluor® 594 anti-human CD39 

antibody for 2 hours at RT, followed by 40 min incubation with mouse IgG and then 60 min 

with Alexa Fluor 647 anti-CD8 (Table S4). After staining, slides were counterstained with 

Hoechst (H3570, Invitrogen) for 5 min and coverslipped with 60% glycerol in PBS. Confocal 

microscopy imaging was performed by Leica TCS-SP8X laser-scanning confocal 

microscope (Leica Microsystems) equipped with tunable white light laser source, 405 nm 

diode laser, 3 (PMT) e 2 (HyD) internal spectral detector channels. Sequential confocal 

images were acquired using a HC PLAPO 40x oil immersion objective (1.30 numerical 

aperture, Leica Microsystems) with a 1024 × 1024 image format, scan speed 400 Hz. The 

density of CD103+, CD39+ and CD8+ cells was recorded, as the number of positive cells per 

unit tissue surface area (mm2). The mean, by two blinded examiners, of positive cells 

detected in 5 fields for each sample was used in the statistical analysis.  

CFSE analysis 

To evaluate proliferative capacity, PB, N-TUM and TUM MCs were labeled for 15 min with 

CFSE (Life Technologies Cat# C34554) and stimulated with anti-CD3/anti-CD28 

Dynabeads (Gibco Cat# 11131D) at a ratio 1:4 in complete medium at 37°C for 7 days. Cells 

were then stained for flow cytometry analysis as described above and CFSE dilution was 
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analyzed in gated CD8+ T cells. The experiment was performed in 5 independent analyses, 

for three patients with colorectal cancer and two patients with pancreatic cancer. 

Suppression assay 

To evaluate the suppressive capacity of CD39+ CD8+ T cells, total PBMCs from different 

healthy donors (HDs) were cultured for 4 days with anti-CD3 and anti-CD28 beads 

(Invitrogen), ratio 1:1. At day 4 CD39 expression has been checked by FACS analysis and 

donors with higher percentage of CD39+ CD8+ T cells were selected for sorting. CD39+ and 

CD39- CD8 T cell counterparts were sorted by using a FACSAria III (BD Biosciences) 

equipped with Near UV 375, 488 and 633 nm laser and the FACSDiva software (version 

6.1.3; BD Biosciences). The sorting panel included CD3, CD8, CD39 markers and Live-

dead. Data were analyzed using the FlowJo software (TreeStar, USA). As gate strategy, 

lymphocytes were gated for FSC-A and SSC-A and doublets excluded using both FSC-A 

and H and SSC-A and H, after that live CD8+ T cells (CD3+/CD8+ and Live-dead eFluor780– 

cells) were sorted as CD39+ or CD39– cells. Following isolation, an aliquot of the collected 

cells was evaluated for purity at the same sorter resulting in an enrichment >99% for CD39+ 

and CD39- CD8+ T cells counterparts. The suppression assay has been performed culturing 

CD39+ and CD39– sorted cells, labelled with eF670 (eBioscience cell proliferation dye) 

together with autologous PBMCs (targets) labelled with CFSE (cell proliferation tracker), at 

different ratios. As control, autologous PBMCs were cultured alone. At day 4, the percentage 

of CFSE-diluting CD4+ T cells has been estimated by FACS analysis, and the percentage 

of CD4+ T cell inhibition has been calculated, according the following formula:  %inhibition 

= (%CFSE-stained CD4+ T cells with CD39+ CD8+ T cells – CFSE-stained CD4+ T cells 
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without CD39+ CD8+ T cells) / (%CFSE-stained CD4+ T cells without CD39+) x 100. The 

experiments were repeated 3 times, independently, including 4 donors for each experiment, 

analysed in triplicates.  

CD39 inhibition assay 

In vitro inhibition assays were performed on PBMCs isolated from fresh blood of HDs (N=4). 

Ex vivo assays were performed on MCs from PB, N-TUM and TUM from 5 colorectal cancer 

and 2 pancreatic cancer patients for a total of 7 independent experiments that gave similar 

results. In both in vitro and ex vivo assays, cells were plated (2x105 cells/well) and stimulated 

with anti-CD3/anti-CD28 Dynabeads (Gibco Cat# 11131D) at a ratio 1:4 for 4 days at 37°C. 

Cells were then treated with the CD39 inhibitor Polyoxotungstate-1 (POM-1) (20, 50 µM, 

R&D Systems Cat# 2689) once per day for 7 consecutive days. Cells were washed and 

stained for flow cytometry as described above.  

Statistical analyses 

Statistical analysis was performed using Prism software (version 7.0, GraphPad). Mann–

Whitney test, 2-tailed, Wilcoxon matched-pairs test, 2-tailed, paired matched t-test, 2-tailed 

were applied to compare groups of FC ex vivo analysis. Two-way-ANOVA test (Tukey’s 

multiple comparison test) has been applied for in vitro and ex vivo CD39 inhibition 

experiments with POM compounds.  P<0.05 was considered statistically significant in all 

tests. Correlations were calculated using the nonparametric Spearman’s correlation test, 

two-tailed. 

 

RESULTS  
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Tumor-infiltrating CD39highCD8+ T cells correlate with initial tumor stages and co-

express the CD103 TRM marker 

We first evaluated the expression of CD39 on CD8+ T cells derived from PB, N-TUM and 

TUM surgery specimens in different solid cancers, by multiparametric flow cytometry (FC). 

By calculating the levels of CD39 expression as CD39high and CD39dim, we found that both 

CD39high and CD39dim CD8+ T cells were significantly more represented in N-TUM and TUM 

than in PB, and that the CD39high were significantly more represented in TUM than in N-

TUM, in both CRC and HNSCC patients (Figure 1A-C). A similar hierarchy was observed 

by calculating the level of CD39+ CD8+ T cells infiltrating TUM or N-TUM, without 

discriminating CD39high and CD39dim cells (data not shown).  The accumulation of 

CD39+CD8+ T cells in TUM was also confirmed in both CRC and HNSCC tissues by IF 

(Suppl. Figure 1A, B).  

To better characterize the CD39+CD8+ T cell phenotype, we evaluated the expression of 

CCR7 and CD45RA discriminating naïve (N; CCR7+CD45RA+), central memory (CM; 

CCR7+CD45RA–), effector memory (TEM; CCR7–CD45RA–), and effector memory 

CD45RA+ (TEMRA; CCR7–CD45RA+) cells 38. The majority of CD39+CD8+ T cells were 

confined within the CD8+ TEM cell subset, in all PB, N-TUM and TUM districts of CRC 

patients, with a special representation in the TUM district (Suppl. Figure 1C). In addition, we 

analyzed the expression of nuclear transcription factors T-box (T-bet) and Eomesodermin 

(Eomes), helping to discriminate functional T-bet+Eomes+ and dysfunctional T-bet–Eomes+ 

CD8+ T cells, on the basis of previous experimental data showing that T-bet (key 

transcription factor of IFN-γ) expression is associated with the control of chronic infections 
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or tumors through the down-regulation of the exhaustion marker PD-1, and that Eomes 

expression characterizes dysfunctional memory CD8+ T cells when it is not co-expressed 

with T-bet . The majority of CD39+CD8+ T cells in N-TUM and TUM contained similar 

frequencies of effector Tbet+Eomes+ and dysfunctional Tbet–Eomes+ CD8+ T cells (Suppl. 

Fig. 1D), suggesting a balance between Tbet+ and Eomes+ cell proportions within 

CD39+CD8+ T cell subsets. In particular, the percentages of Tbet+ and Eomes+ cells were 

almost similar within CD39+CD8+ T cells or CD39–CD8+ T cells, proposing that CD39 does 

not seem to correlate with the Eomes or T-bet expression (Suppl. Fig. 1D) 20. To correlate 

the CD39+CD8+ T cell frequency with the clinical outcome, we assessed the distribution of 

CD39highCD8+ T cells among the progression stages of CRC or HNSCC. CD39highCD8+ T 

cells were significantly or tended to be more accumulated in TUM of both CRC and HNSCC 

patients with initial progression stages (I-II) than in those with advanced stages of cancer 

(III-IV) (Figure 1D, E), supporting the hypothesis that CD39+CD8+ T cells may harbor a 

protective role during cancer progression 20,21. Moreover, CD39+ T cells were significantly 

accumulated within CD8+ T cells co-expressing the marker of tissue resident memory T cells 

(TRM), CD103, in both N-TUM and TUM districts (Suppl. Fig. 2A, B). These data were 

confirmed by IF analysis revealing triple positive CD8+CD39+CD103+ T cells to be 

accumulated in TUM at higher levels than N-TUM CRC (Suppl. Fig. 2C).  

CD39 is shaped by genetic contribution of single nucleotide polymorphism 

(rs10748643) 

We next investigated the genetic background of CD39 expression on CD8+ TILs. In 

particular we verified the possibility that CD39 expression on CD8+ TILs may be associated 
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with the SNP, rs10748643 (A > G) within the ENTPD1 gene 14,15,39, that was shown to 

modulate CD39 expression on Tregs 7,14,15. PCR-based SNP rs10748643 A > G analysis on 

PBMCs of CRC patients, highlighted that GG homozygous patients showed the highest 

frequencies of CD39+CD8+ T cells in N-TUM and TUM districts, as compared with patients 

with AA and AG variants (Figure 2A). These data were partially confirmed by counting 

CD39+CD8+ T cells in cancer tissues by IF (Suppl. Fig. 3A). Considering the limitation of IF, 

we could not discriminate the intensity level of CD39high or CD39dim expression as by FC. 

The difference in expression levels between allelic variants could be observed for the 

CD39highCD8+ T cell subset (Figure 2B) but not for the CD39dimCD8+ T cell subset (Suppl. 

Fig. 3B). These findings suggest that the SNP rs10748643 A > G contributes in determining 

CD39 levels in cancer-associated CD8+ T cells. To test the possibility that the SNP 

rs10748643 A > G may influence CD39 levels upon T cell receptor (TCR) activation, we 

monitored CD39 expression in PBMCs from HDs with various allelic CD39 variants following 

a polyclonal TCR stimulus with anti-CD3/anti-CD28 in vitro. Notably, after 4 days, only 

homozygous GG individuals were able to significantly upregulate CD39 expression, as 

compared with the AA homozygous or the AG heterozygous individuals (Figure 2C). These 

findings propose for the first time the pivotal role of genetic imprinting on CD39 expression 

levels in CD8+ T cells. Interestingly, the rs10748643 A > G SNP also impacted on the 

accumulation of CD8+CD39+CD103+ triple positive cells: indeed, AG and GG patients 

contained much more CD8+CD39+CD103+ cells in TUM compared to N-TUM districts, 

quantified by both FC (data not shown) and IF, further supporting a strong impact of the 

genetic factor in shaping CD39+ cells in CRC cancer patients (Figure 2D). 

This article is protected by copyright. All rights reserved.



  

CD39+CD8+ T cells display divergent functional capacities 

To understand the role of CD39 expression on TILs, we studied the CD39+CD8+ functional 

capacities. FC analyses showed that CD39+CD8+ T cells expressing high levels of PD-1 

were especially enriched in TUM samples, as compared with N-TUM and PB of both CRC 

(Figure 3A, B) and in HNSCC patients (Suppl. Fig. 4A, B). In addition, PD-1 expression was 

significantly more represented among CD39high, than among CD39dim T cells infiltrating TUM 

districts in both CRC (Figure 3C) and HNSCC (Suppl. Fig. 4C), suggesting a predisposition 

of CD39highCD8+ TILs to express the highest levels of PD-1. In concordance with these data, 

the percentage of CD39+CD8+ T cells positively correlated with the percentage of PD-

1+CD8+ T cells in TUM districts of both CRC (Figure 3D) and HNSCC patients (Suppl. Fig. 

4D). In order to evaluate whether PD-1 overexpression was effectively related with T cell 

exhaustion, we checked the capacity of CD39+CD8+ T cells to produce IFN-γ, to express 

cytotoxicity-related molecules, and to proliferate ex vivo. The percentage of IFN-γ+ cells 

elicited in response to phorbol 12-myristate 13-acetate- Ionomycin (PMA-IONO) brefeldin 

A- monensin (BFA-MONO) stimulation, was significantly lower within CD39+CD8+ T cells 

than within CD39–CD8+ T cells, particularly in the TUM compartment (Figure 3E). Parallelly, 

the percentage of CD39+CD8+ T cells inversely correlated with the percentage of CD8+ T 

cells expressing cytotoxicity-related molecules, such as Granzyme B and Perforin (Figure 

3F-G). Interestingly, when we analyzed CD8+ T cell responses in the context of anti-PD1 

therapy, in a NSCLC patient on Nivolumab treatment, we observed that upon PD-1-

blockade, CD39–PD-1+CD8+ T cells increased their capacity to produce IFN-γ ex vivo, more 

that the CD39+PD-1+CD8+ T cells (Figure 3H). This observation suggests that co-expression 
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of CD39 and PD-1 marks a CD8+ T cell subset with a deeper dysfunction in terms of IFN-γ 

production, and that, anti-PD1 treatment may restore IFN-γ production only by PD1+CD8+ T 

cells not expressing CD39.  

Preliminary data showed a relationship between SNP rs10748643 (A > G) and some 

markers of T cell dysfunction (i.e., PD-1 overexpression and granzyme B/perforin 

downregulation), tested in the entire CD8+ population (Suppl. Fig. 3C-D). Consistent with 

the seminal observation describing CD103+CD39+CD8+ T cells as exhausted TRM cells 21 , 

CD103+CD39+ TILs produced less IFN-γ and IL-2, expressed PD-1 at a significant higher 

extent than the CD103+CD39– subset (Figure 4A), and directly correlated with PD1+CD8+ 

cells (Figure 4B). Taken together, these data support a negative impact of the genetically-

shaped CD39 on both type-1 response and cytotoxic markers during cancer responses, and 

that CD39 marks a subset of CD103+CD8+ TRM with dysfunctional type-1 response and 

cytotoxic properties.  

To further investigate the effect of CD39/PD-1 co-expression, we studied the proliferative 

capacity of CD8+ TILs expressing PD-1 and/or CD39 in CRC patients, by analyzing the 

CFSE dilution within these T cell subsets from PBMCs, N-TUM- and TUM-derived MCs, 

after 7 days of TCR stimulation with anti-CD3/anti-CD28 (Figure 5A). In contrast with the 

results obtained by IFN-γ production, CD39–PD-1+CD8+ T cells proliferated at a significantly 

lesser extent than CD39+PD-1+ cells and even lesser than CD39+PD-1– cells isolated from 

both N-TUM and TUM districts (Figure 5A-B). These results were highlighted by data 

retrieved in the NSCLC patient on anti-PD-1 treatment. FC analysis of peripheral CD8+ T 

cells at baseline and at different time points during therapy showed that the percentage of 
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CD39+CD8+ T cells progressively increased during anti-PD-1 therapy (Figure 5C). More 

important, the highest levels of ki67+ proliferative cells were observed within the CD39+PD-

1+CD8+ T cell subset, as compared with the CD39–PD-1+ or CD39+PD-1– subsets, and 

increased even more upon anti-PD-1 therapy (Figure 5C).  

CD39 marks suppressor CD8+ T cells 

On the basis of previous evidence showing that CD39 provides strong suppressive capacity 

to tumor-infiltrating CD4+FOXP3+ Tregs 16,40, we tested the potential suppressive capacity 

of CD8+ T cells expressing CD39 in vitro. For this purpose, we observed the effect of co-

culturing CFSE-labelled PBMCs, as targets, with decreasing concentrations of sorted 

autologous CD39+ or CD39– CD8+ T cells, as effectors (1:1, 1:2, 1:4, 1:8, 1:16, 1:32, 1:64). 

Since the amount of CD39+ cells isolated from TUM districts were too low for the 

suppression assay, we used PBMCs from 4 HDs with the GG SNP-genotype (particularly 

prone to upregulate CD39 expression on CD8+ T cells, see Fig. 2C) upon upregulation of 

CD39 expression by TCR stimulus. Notably, the percentage of CFSE-diluting CD4+ T cells 

was reduced when PBMCs were co-cultured with decreasing concentrations of CD39+CD8+ 

T cells significantly more than when co-cultured with parallel concentrations of CD39–CD8+ 

T cells (Fig. 5D). As a consequence, the percentage of inhibition of CFSE-diluting CD4+ T 

cells supported that sorted CD39+CD8+ T cells were able to suppress CD4+ T cell 

proliferation (Figure 5E). These data highlight the possibility that CD39 expression on CD8+ 

T cells contributes in establishing the suppressive CD8+ T cell capacity that, together with 

genetic factors, can shift the balance of T cell effector/suppressive activity in TME. 

CD39 inhibition restores CD8 T cell functions   
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We next aimed to study the role of CD39 as exhaustion marker, by analyzing the blocking 

effect on the CD39 pathway of CD8+ T cells by the Polyoxotungstate-1 (POM) compound, 

known to inhibit the ecto-ATPases (i.e. NTPDase1, NTPDase2, NTPDase3 and NPP1) 4,8. 

First, we evaluated if T cell activation (in terms of percentage of CD25+ cells) or functions 

(in terms of both IFNγ production and cytotoxic activity, as detected by CD107a expression) 

were improved in the presence of POM inhibitor, upon 4-day stimulation of PBMCs (derived 

from HDs) with anti-CD3/anti-CD28 in vitro. Interestingly, at day 4, in the presence of POM, 

a significant increase of both CD25 percentage and effector functions was detected only 

within CD39+CD8+ T cells (Figure 6A). Conversely, the CD39– counterparts did not show 

any change, suggesting a direct POM-mediated CD39+CD8+ T cell targeting.  

To further explore the possibility of CD39 inhibition in cancer settings, we set up an assay 

blocking CD39 activity with POM compound ex vivo, using peripheral, TUM or N-TUM CD8+ 

T cells from cancer patients. CD8+ TILs from both CRC and PCA patients, showed a 

significant increase of CD107a expression upon POM-conditioned stimulation, and a 

significant downregulation of PD-1 expression in both N-TUM- and TUM-derived CD8+ T 

cells, evaluated as both percentage and MFI (Figure 6B-D).  Interestingly, the CD107a 

overexpression resulted significantly evident upon the POM-conditioned stimulation in both 

CD39+PD1+ and CD39+PD1–CD8+ subsets, but not in CD39–PD1+CD8+ cells (Figure 6E), 

suggesting a specific POM activity on CD39+CD8+ TIL portion. Taken together, the results 

suggest that the CD39 inhibition shifts the balance of CD8+ T cells towards a functional 

effector phenotype, with a concomitant downregulation of PD-1 expression. 
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DISCUSSION 

Our data firstly, confirmed that human solid tumors – in particular CRC and HNSCC – are 

characterized by a population of CD8+ TILs expressing the ectonucleotidase CD39 at high 

level (CD39high), often in association with CD103 that marks CD8+ TRM cells 20,21. 

CD39+CD8+ TILs were particularly enriched during the initial stages of CRC and HNSCC 

cancer progression and declined in advanced stages. This data is consistent with recent 

observations showing that CD39 expression particularly when associated with CD103, 

identifies tumor-reactive TILs and results as a prognostic survival factor in human solid 

tumors  20,21 23–25. 

The genetic background of CD39 expression on CD8+ TILs allowed us to give a possible  

explanation to the wide variability of CD39 expression patterns 20, despite a study on a larger 

cohort of patients is required to validate this association. Indeed, we found that the 

rs10748643 A > G SNP in the ENTPD1 gene, which was shown to play a role in CD39 

expression on Tregs 7,14,15, was associated with CD39 upregulation also on CD8+ TILs 

(including the CD8+CD39+CD103+ TRM cells) ex vivo, as well as on peripheral CD8+ T cells 

upon TCR stimulus in vitro. Thus, a relevant impact of CD39 expression on CD8+ T cells is 

played by the genetic background of the patients, in addition with the environmental factors 

21,41.  

Collectively, our data indicate that CD39+CD8+ TILs including CD39+PD-1+CD103+ TRM 

cells, display a split functional capacity, whereby they could potentially compensate the 

dysfunctions in IFN-γ production and killing activity, by the capability to proliferate more 

This article is protected by copyright. All rights reserved.



  

extensively, to counteract tumor progression in the TME. As consequence, the PD-1 

blockade therapy resulted in restoring IFN-γ production by CD39–PD1+CD8+ T cells, and in 

enhancing proliferative capacity by CD39+PD-1+CD8+ T cells 42. On the other hand, 

CD39+CD8+ T cells showed a consistent suppressive capacity, that is basically instrumental 

to avoid excessive tissue damage during chronic inflammatory diseases, but that, in the 

long-term, can favor cancer development or progression. This is in line with reports 

describing CD39 as a suppressive marker on CD4+ Tregs 13, and with a recent work showing 

CD39 involved in suppression exerted by CD8+ Tregs 43.  

At the mechanistic level, it remains unclear how CD39 expression levels can translate into 

the divergent functions, poor IFN-γ production and killing capacity vs. enhanced proliferation, 

as well as high suppression capacity. Further studies are required both to ascertain whether 

the CD39-driven generation of adenosine delivers the negative signals providing poor IFN-

γ production and killing capacity 44, and to dissect possible paths capable to (directly or 

indirectly) deliver signals promoting enhanced proliferation into CD39+CD8+ T cells, or 

suppression capacity. Whatever the mechanism(s) whereby CD39+CD8+ T cells display 

their peculiar and contrasting effects (diminished IFN-γ production, decreased killing 

capacity, enhanced proliferation, acquisition of suppression function), they may represent a 

partially exhausted cell population that may be potentially susceptible to be rescued by 

compounds inhibiting the negative signals provided by CD39. This hypothesis was 

supported by our results showing that a selective inhibitor of the ecto-ATPases (POM) 8,32 

both enhanced activation and effector functions of peripheral CD39+CD8+ T cells in vitro and 
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CD39+CD8+ TILs ex vivo, in relation with PD-1 down-regulation, and significantly reduced 

their suppression function (data not shown).   

In sum, our data strongly emphasize the divergent functions of CD39+CD8+ T cells 

suggesting that further studies are required to dissect these functions at single cell level, in 

order to identify novel molecular signatures that might be considered potential strategies for 

cancer immunotherapy 6,45,46. In addition, the correlation of rs10748643 A > G SNP with 

CD39 expression on CD8+ T cells favors the clinical application of this SNP analysis, not 

only as a prognostic marker of cancer progression, but also as a predictive tool for the 

response to novel immune-checkpoint therapeutic approaches targeting CD39+CD8+ TILs 

in human cancers.  
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FIGURE LEGENDS   

Figure 1. CD39highCD8+ T cells are accumulated in CRC and HNSCC cancers.  

(A-C) Representative FC analyses (A), and percentage of CD39high or CD39dim T cells in 

gated CD8+ T cells in PB, N-TUM and TUM districts, of CRC (N=35) and HNSCC (N=17) 

patients. * p <0.05, *** p < 0.001, **** p < 0 .0001, by Wilcoxon matched-pairs test, two-

tailed. D-E) Percentage of CD39high T cells in gated CD8+ T cells in PB, N-TUM and TUM 

districts of CRC (N=31) and HNSCC (N=15) patients according to the TNM classification (I-

II stage vs III-IV stage). * p <0.05, by Student t-test.  

 

Figure 2. SNP rs10748643 A>G modulates CD39 expression on tumor-infiltrating CD8+ T 

cells.  

This article is protected by copyright. All rights reserved.



  

(A, B) Percentage of CD39+ or CD39high cells in gated CD8+ T cells in PB, N-TUM and TUM 

districts of GG homozygous CRC patients (N=5), as compared with the patients with AA and 

AG variants (N=30). * p <0.05, ** p<0.01, *** p <0.001, **** p <0.0001, by Wilcoxon matched-

pairs test, two-tailed between districts (PB, N-TUM and TUM) and Mann-Whitney, two-tailed, 

between different genotypes. (C) Representative CD39/CD8 FC staining gated on CD8+ T 

cells of 3 HDs, based on AA, AG or GG genotype at D0 and at D4, after 4 days of stimulation 

of PBMCs with anti-CD3 and anti-CD28 beads. The graph showed 1 representative 

experiment, out of 5 independent experiments. (D) Representative images from multiplex 

tissue immunofluorescence staining showing CD8+ (white), CD103+ (green), CD39+ (red) T 

cells and nuclear staining with Hoechst (blue) in CRC lesions. 40x magnification. Triple 

CD8+CD103+CD39+ T cells are indicated by arrows in magnification panels below each 

image (yellow); scale bars, 30 µm.  Counts of tumor-infiltrating CD8+CD103+CD39+ T cells 

from CRC (N=8) pts. * p< 0.05, by unpaired Student t-test, two-tailed.   

 

Figure 3. CD39+CD8+ T cells overexpress PD1+ and produce low levels of IFN-γ, negatively 

correlating with cytotoxicity-related effector molecules.  

(A, B) Representative CD39/PD1 FC staining and percentage of CD39+PD1–, CD39+PD1+, 

CD39–PD1+, CD39–PD1– in gated CD8+ T cells in PB, N-TUM and TUM specimens of CRC 

pts (N=18). (C) Percentage of PD1+ cells gated on CD39high or CD39dim CD8+ T cells in PB, 

N-TUM and TUM specimens in CRC pts (N=26). *** p< 0.001, **** p<0.0001, by Wilcoxon 

matched-pairs test, two-tailed between districts (PB, N-TUM and TUM) and Student t-test, 

paired, between CD39high and CD39dim. (D) Spearman correlation between percentage of 
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CD39high (N=32) and PD1+ (N=31) CD8+ T cells in N-TUM and TUM districts. * p<0.05. (E) 

Representative IFN-γ/CD45RA FC staining and percentage of IFN-γ+ cells in gated CD39+ 

and CD39–CD8+ T cells in PB, N-TUM and TUM specimens of CRC pts (N=11). * p<0.05 by 

Student t-test, paired. (F, G) Spearman correlation between the percentage of CD39+ 

(N=36) and Granzyme-B+ (N=18) or Perforin+ (N=13) CD8+ T cells. The correlation is 

calculated for pooled districts (PB, N-TUM and TUM); * p< 0.05 ** p< 0.01.  (H) Percentage 

of IFN-γ+ in gated CD39–PD1+, CD39+PD1+, CD39+PD1–, CD39–PD1–CD8+ T cells in PB of 

a NSCLC patient at baseline (T0), and different times points (T1-T2-T3) upon Nivolumab 

(anti-PD1) treatment. Each treatment has been performed every 21 days.  

 

Figure 4. CD103+CD39+ CD8 T cells show lower IFN-γ and IL-2 production and higher PD1 

expression than CD103+CD39–. 

(A) Representative IFN-γ, IL-2 and PD1/CD45RA FC staining and percentage of PD1+ cells 

in gated CD103+CD39– or CD103+CD39+ CD8+ T cells in PB, N-TUM and TUM specimens 

of CRC pts (N=14). * p <0.05, ** p <0.01, *** p <0.001, by Wilcoxon matched-pairs test, two-

tailed between districts (PB, N-TUM and TUM) and Student t-test, paired, between 

CD103+CD39– and CD103+CD39+ CD8 T cells. (B) Spearman correlation between 

percentage of CD103+CD39+ (N=14) and PD1+ (N=35) CD8+ T cells in PB, N-TUM and TUM 

districts. ** p < 0.01.  

 

Figure 5. CD39+CD8+ T cells display high proliferative capacity and suppressive potential. 
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(A) CFSE profile overlay and percentage of CFSE-diluting CD39+ (violet) or CD39– (grey) 

CD8+ T cells in PB, N-TUM and TUM specimens of one PCA patient out of 3 independent 

experiments. The percentage of CFSE-diluting cells in CD39+ and CD39– CD8 T cells was 

evaluated at day 7 of culture of MCs with anti-CD3 and anti-CD28 (ratio 1:4). ** p <0.01 

2way-ANOVA, Tukey’s multiple comparison. (B) CFSE profile overlay and percentage of 

CFSE-diluting cells gated on CD39–PD-1–, CD39–PD-1+, CD39+PD-1+, CD39+PD-1– (grey 

scale) in CD8+ T cells in PB, N-TUM and TUM specimens of one PCA patient out of 3 

independent experiments. The percentage of CFSE-diluting cells was evaluated in CD39–

PD-1–, CD39–PD-1+, CD39+PD-1+, CD39+PD-1– CD8+ T cells at day 7 after culture of MCs 

with anti-CD3 and anti-CD28 (ratio 1:4). * p<0.05, ** p<0.01, *** p<0.001, 2way-ANOVA, 

Tukey’s multiple comparison. (C) Percentage of CD39+ cells gated on CD8+ T cells and 

Ki67+ in gated CD39+PD-1+, CD39–PD-1+, CD39+PD-1–, CD39–PD-1– CD8+ T cells in PB of 

a NSCLC patient upon Nivolumab (anti-PD-1) treatment at baseline (T0) and different times 

points (T1-T2-T3). Each treatment has been performed every 21 days. (D-E) Percentage of 

CFSE dilution (D) and percentage of inhibition (E) of CFSE dilution on gated CD4+ T cells. 

The graph shows results of CD39+ or CD39– sorted cells, labelled with eF670, after 4 days 

of co-culturing together with autologous PBMCs labelled with CFSE, at different ratios (1:1, 

1:2, 1:4, 1:8, 1:16, 1:32, 1:64) and control autologous PBMCs cultured alone (1:0). The % 

of inhibition was calculated by the formula described in Material and Methods. The 

experiment was repeated thrice including 4 donors for each experiment and analysed in 

triplicates. * p< 0.05, ** p< 0.01, *** p< 0.001, **** p< 0.0001. 2way-ANOVA, Tukey’s multiple 

comparison. 
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Figure 6. POM-mediated inhibition of CD39 restores CD8+ T cell effector functions in vitro 

and ex vivo.  

(A) Representative CD25, IFN-γ and CD107a/CD45RA FC staining in gated CD39+CD8+ T 

cells treated with 20 µM POM (left panel) or not (NT) and percentage of CD25+, IFN−γ+ and 

CD107a+ cells gated on CD39+ (white) and CD39– (grey) CD8+ T cells in NT (medium alone), 

or POM-1 (20, 50 µM) conditions (right panel). PBMCs isolated from fresh blood of HD were 

stimulated with anti-CD3/anti-CD28 beads at a ratio 1:4 for 4 days in presence or absence 

of POM-1 (20 or 50 µM). The experiment was repeated four times and analysed in triplicates. 

* p<0.05, ** p< 0.01, **** p< 0.0001, 2way-ANOVA, Tukey’s multiple comparison. Red 

statistic is calculated between CD39+ and C39– subpopulations for each condition.  (B-C) 

Percentage and mean fluorescence intensity (MFI) of CD107a and PD1 in gated CD8+ T 

cells in PB, N-TUM and TUM of NT (medium alone) and POM-1 (20 µM) of CRC patients. 

Ex vivo assays were performed on MCs from PB, N-TUM and TUM, stimulated with anti-

CD3/anti-CD28 beads (ratio 1:4) for 4 days. Cells were treated with POM-1 (20 µM) or 

medium alone (NT), once per day for 7 consecutive days. The experiment was repeated in 

5 CRC patients. * p<0.05, ** p< 0.01, 2way-ANOVA, Tukey’s multiple comparison. (D-E) 

Percentage and mean fluorescence intensity (MFI) of CD107a in CD8+ T cells (D) and in 

gated CD39–PD1+, CD39+PD1+ and CD39+PD1– (E) CD8+ T cells. Ex vivo assays were 

performed on MCs from N-TUM and TUM of PCA patients (N=2), stimulated with anti-

CD3/anti-CD28 beads (ratio 1:4) for 4 days. Cells were treated with POM-1 (20 µM) or 

medium alone (NT), once per day for 7 consecutive days.  The panel E shows the analysis 
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of CD107a MFI on tumor-infiltrating MCs (TUM) of PCA patients. * p<0.05, ** p< 0.01, *** 

p<0.001, 2way-ANOVA, Tukey’s multiple comparison. 
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