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Abstract

Whereas immunotherapies have revolutionized the treatment of different solid and hematologic cancers, their efficacy in 
nodal peripheral T-cell lymphomas (PTCL) is limited, due to a lack of understanding of the immune response they trigger. To 
fully characterize the immune tumor microenvironment (TME) of PTCL, we performed spectral flow cytometry analyses on 11 
angioimmunoblastic T-cell lymphomas (AITL), 7 PTCL, not otherwise specified (PTCL, NOS) lymph node samples, and 10 non-tu-
moral control samples. The PTCL TME contained a larger proportion of regulatory T cells and exhausted CD8+ T cells, with 
enriched expression of druggable immune checkpoints. Interestingly, CD39 expression was up-regulated at the surface of most 
immune cells, and a multi-immunofluorescence analysis on a retrospective cohort of 43 AITL patients demonstrated a signif-
icant association between high CD39 expression by T cells and poor patient prognosis. Together, our study unravels the com-
plex TME of nodal PTCL, identifies targetable immune checkpoints, and highlights CD39 as a novel prognostic factor.

Introduction

Peripheral T-cell lymphomas (PTCL) are highly hetero-
geneous neoplasms derived from post-thymic T cells or 
mature natural killer (NK) cells, and represent 10-15% of 
non-Hodgkin lymphomas.1 The two most common sub-
types in Western countries are angioimmunoblastic T-cell 
lymphomas (AITL) and peripheral T-cell lymphomas, not 
otherwise specified (PTCL, NOS). Malignant cells in AITL 
are predominantly CD4+CD8- and characterized by the ex-
pression of T-follicular helper cell (TFH) markers such as 
ICOS or PD-1.2 PTCL, NOS display heterogeneous phenotypes 
that do not match any other category and represent about 
20% of PTCL.3 Despite advances in the understanding and 
classification of these neoplasms over the past decades, 
their prognosis remains poor, with a 5-year overall survival 
(OS) around 30%, fostering the need to identify new ther-
apeutic targets. Moreover, although immune checkpoint 
inhibitors that target inhibitory receptors, such as PD-1/
PD-L1 blocking agents, have been successfully used in 

some hematologic malignancies,4,5 their clinical benefits 
in nodal PTCL are relatively modest,6,7 and several cases 
of hyperprogression have even been reported in patients 
with different PTCL,6,8 likely due to the expression of PD-1 
by neoplastic cells.9

Transposing checkpoint-blockade-based immunotherapies 
to nodal PTCL has been hindered by our poor understanding 
of the types and phenotypes of immune cells recruited in 
response to these tumors. Studies focusing on the contri-
bution of the tumor microenvironment (TME) to PTCL pro-
gression reported that monocytes, as well as immunosup-
pressive CD163+ macrophages, were suggested to promote 
a worsening of the disease,10,11 whereas high levels of B cells 
and dendritic cells (DC) and a high CD8/CD4 T-cell ratio 
were associated with better survival,12,13 although these latter 
findings have recently been challenged.14 Though generally 
of poor prognosis in most cancers,15 the proportion and 
prognostic value of immunosuppressive Foxp3+ regulatory 
T cells in PTCL are still unclear.16,17 Finally, a recent study 
using Cytof and scRNA-seq approaches revealed the ex-
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pression of exhaustion markers by tumor-infiltrating CD8+ 
T cells, as well as perturbations in the B-cell compartment 
of patients with AITL.18 In this study, we aimed to bridge this 
knowledge gap and extensively characterize the phenotype 
of immune cells recruited in response to PTCL.

Methods

Samples for spectral flow cytometry analyses
Frozen lymph node (LN) cell suspensions from 18 PTCL 
samples, collected at diagnosis, were obtained through the 
CeVi_Collection Project from the CALYM Carnot Institute 
(Lyon, France). Samples were collected as part of an RIPH3 
project (ID RCB 2020-A02273-36, validated by the CPP Ile 
de France V on November 26, 2020; N. 20.07.28.49748). 
Reactive LN suspensions were obtained from the biologi-
cal resource center of Lyon-Sud Hospital (agreement CRB 
BB-0033-00046). Tissues were assessed by the pathology 
department, and cancer diagnosis was excluded through 
pathological evaluation and absence of T or B clonality. All 
adult patients (aged ≥18 years) gave their written informed 
consent on the secondary use of their samples for research. 
The clinical and biological data of the patients were col-
lected retrospectively. Their characteristics are presented 
in Online Supplementary Tables S1 and S2.
Blood samples from healthy volunteers were obtained 
through the Etablissement Français du Sang (EFS). Pe-
ripheral blood mononuclear cells (PBMC) were isolated by 
Ficoll density gradient centrifugation, and red blood cells 
were lysed with ammonium-chloride-potassium lysis buf-
fer. Tonsils obtained anonymously from 5 donors that had 
undergone tonsillectomy were used as a control (Clinique 
du Parc, Lyon; agreement N. 1A16502305468). Tonsils were 
reduced to cell suspensions by mechanical disruption fol-
lowed by enzymatic digestion with 2 mg/mL collagenase-D 
(Roche) and 20 U/mL DNase (Sigma). The resulting cell 
suspensions were filtered, washed, and frozen.

Samples for multi-immunofluorescence analyses
Forty-three tissue blocks of formalin-fixed and paraf-
fin-embedded (FFPE) AITL samples, collected at diagnosis, 
were obtained from the Department of Pathology at the 
Lyon-Sud Hospital. This study was performed according to 
the principles of the Declaration of Helsinki. Patients had 
provided informed consent. The study was approved by 
the local ethics committee (MR-004 N. 23-5211). Clinical 
and biological data of the patients were collected retro-
spectively. A summary of the data is presented in Online 
Supplementary Tables S3 and S4. 

Flow cytometry 
A total of 1 million live cells were stained through succes-
sive incubation steps with dyes and antibodies (Ab). The 
complete list of Ab and their final concentration can be 

found in Online Supplementary Table S5. Acquisition was 
performed on an Aurora Spectral Cytometer (Cytek). Anal-
yses were carried out using the OMIQ software (Dotmatics) 
(www.omiq.ai). Details on the experimental protocol and 
analyses can be found in the Online Supplementary Methods; 
the number of cells analyzed in each subset is detailed in 
Online Supplementary Tables S6 and S7.

Tissue micro-arrays, multi-immunofluorescence 
protocol, and data analysis
Representative tumor areas were selected on Hematoxylin 
& Eosin slides by an experienced pathologist. A 4-plex mIF 
assay (CD3, CD8, CD39 and DAPI) was performed using a 
modified 7-color TSA protocol template. Slides were imaged 
using the Vectra Polaris spectral imaging system (Perkin 
Elmer). Scans were visualized with the Phenochart soft-
ware. Cell segmentation and phenotypes were identified by 
InForm version 2.4.8 (Akoya Biosciences). Parameters were 
analyzed using R version 4.2.1. More detailed information 
can be found in the Online Supplementary Methods.

Statistical analyses
Statistics were performed using GraphPad Prism Software 
v9 and R version 4.2.1. Kruskall-Wallis or two-way ANOVA 
tests were used for FACS data, unless otherwise stat-
ed. Statistical analyses for comparison between clusters 
established by the FlowSOM algorithm, were carried out 
using the edgeR package. Progression-free survival (PFS) 
was calculated from the date of diagnosis to the date of 
progression, relapse, or death from any cause. OS was 
calculated from the date of diagnosis to the date of death 
from any cause. Survival estimates were calculated with 
the Kaplan-Meier method. Survival distributions were com-
pared with the log-rank test, and Cox proportional hazard 
regression models were used to estimate hazard ratios and 
associated 95% Confidence Intervals. 

Results	

Peripheral T-cell lymphoma-specific immune cell 
populations identified through deep immunophenotyping
To document immune phenotypes associated with PTCL, 
we designed a 33-color flow cytometry panel to identify 
different innate and adaptive subsets in a single tube, 
namely DC, macrophages, NK and B cells, and a number 
of markers to distinguish subsets of T cells. Moreover, ac-
tivation, proliferation, and exhaustion of these populations 
were determined using different intracellular and surface 
markers (Table 1, Online Supplementary Table S5). We ap-
plied this immunophenotyping panel to LN cell suspensions 
obtained from 18 nodal PTCL patients at diagnosis (11 AITL 
and 7 PTCL, NOS) (Online Supplementary Tables S1 and S2), 
as well as 5 non-tumoral reactive LN, 5 tonsil samples, and 
5 PBMC samples obtained from healthy donors. Of note, 



Haematologica | 110 January 2025
131

ARTICLE - Immune microenvironment in nodal PTCL  P. Stephan et al.

PFS and OS of our PTCL cohort corroborated previous re-
ports (Online Supplementary Figure S1A).
To identify disease-specific cell populations, we first nor-
malized the data to attenuate the batch effect, concate-
nated all lymphoid tissue (tumoral LN, non-tumoral tonsil, 
reactive LN) samples, and carried out a series of unsuper-
vised analyses. PBMC were not included in these analyses 
to avoid major changes in cell-type distribution (data 
not shown). Two-dimensional reduction through Uniform 
Manifold Approximation and Projection (UMAP) and com-
puter-driven clustering through FlowSOM conducted on 
cell-type markers (CD3, CD4, CD8, CD56, TCRγδ, CD163, 
CD11c, CD20) identified 18 clusters, largely corresponding 
to classical immune lineages (T cells, NK cells, B cells, 
DC) (Figure 1A, B, Online Supplementary Tables S6 and 
S7). Interestingly, this unsupervised analysis revealed a 
clear distinction between samples from PTCL patients and 
non-tumoral samples (Figure 1A, Online Supplementary 
Figure S1B). Specifically, we detected tissue-specific B-cell 
and T-cell clusters, and noted that DC (cluster 14) were 
higher in both AITL and PTCL, NOS samples compared to 
control LN or tonsil samples (Figure 1B). Two patient-spe-
cific clusters with aberrant phenotypes, namely cluster 13 
(CD3+CD4-CD8-) and cluster 7 (CD3+CD4+CD20+) were differ-
entially represented between NOS and AITL samples, though 
the proportions of the remaining cell subtypes were very 
similar. Supervised analyses based on traditional manual 
gating revealed a strong decrease in B cells in PTCL sam-
ples compared to non-tumoral tissues, and an increase in 
DC (Figure 1C, Online Supplementary Figure S2). CD4+ and 
CD8+ T cells were also more abundant in PTCL compared 
to tonsil samples, but not reactive LN. Of note, NK cells 
(CD7+CD56+) were slightly more abundant without reaching 
statistical significance.
To assess the putative link between the abundance of 
cell types and their proliferation, we measured Ki67 ex-
pression, and found a systematic increase in proliferating 
CD4+ and CD8+ T cells in malignant samples (Figure 1D). A 
trend toward B-cell proliferation was observed in PTCL, 
NOS samples compared to controls. This was not the 
case in AITL samples, probably because TFH features of 
tumor cells enhance B-cell activation, maturation, and 
proliferation.19 

Analysis of CD4+ T-cell subsets in peripheral T-cell 
lymphoma
Next, we analyzed the features of CD4+Foxp3- conventional 
(Tconv) cells, that contained both transformed and normal 
cells, in PTCL compared to tonsils and reactive LN. Based 
on histological evaluation at diagnosis, all patients of our 
AITL cohort displayed a CD3+CD4+CD8- Foxp3- tumor cell 
phenotype, whereas 2 of our PTCL, NOS patients harbored a 
CD3+CD4-CD8- phenotype (Figure 1B, Online Supplementary 
Table S2). We used UMAP and FlowSOM algorithms with 
T-cell markers, proliferation / activation proteins and check-

point receptors as variables (Figure 2A). Cells were highly 
activated in all samples, with only a minority of CD45RA+ 
naïve-like cells (Figure 2B). We identified 21 clusters, corre-
sponding to cells expressing divergent levels of CD7/CD10, 
Ki67 and many checkpoints, including TFH markers, such 
as ICOS and PD-1. Strikingly, a series of clusters from PTCL 
samples were clearly separated from control samples on 
the UMAP, highlighting the fact that transformation deeply 
impacted the Tconv cell phenotype either in an intrinsic 
or extrinsic manner (Figure 2C). Indeed, control samples 
harbored significantly more classical CD7+PD-1+ICOS+CX-
CR5+ TFH cells than PTCL (clusters 5, 19, and 20), whereas 
AITL samples comprised discrete and specific phenotypes, 
including CD10+ and/or CD7- cells as expected, but also 
showing high expression of LAG-3 (cluster 15), or OX-40 
(cluster 8). In PTCL, NOS, we observed patient-specific 
clusters, such as a cytotoxic phenotype (patient 11, cluster 
11) and a TCRγδ+ malignancy (patient 20, cluster 2). Tconv 
cells from AITL patients were also highly heterogeneous, 
with variable expression of checkpoints (Online Supple-
mentary Figure S3A, B). Because of this heterogeneity, 
hierarchical clustering failed to fully discriminate reactive 
LN from PTCL samples (Online Supplementary Figure S3C). 
Analysis through manual gating confirmed strong expres-
sion of PD-1 and ICOS in AITL (>50% cells expressing ICOS, 
PD-1 or both), but without reaching statistical significance. 
Interestingly, the proportion of PD1+ICOS+ double positive 
cells in PTCL, NOS samples was reduced compared to 
tonsils and AITL, showing that most cells did not adopt 
a full TFH-like phenotype (Figure 2D). Thus, in addition 
to TFH markers widely used for diagnosis, we show that 
CD4+ T cells from AITL samples adopt a highly activated 
state, often characterized by heterogeneous expression of 
different checkpoint molecules. 
Given that tumoral PTCL T cells can lose the expression 

Table 1. Spectral flow cytometry panel.

Cell 
populations

General 
phenotype

Activation 
checkpoints

Inhibitory 
checkpoints

Live/dead CD10 ICOS PD-1
CD3 CXCR5 OX-40 CTLA-4
CD4 BCL6 4-1BB TIM-3
CD7 Ki67 TNFR2 LAG-3
CD8 EOMES DNAM-1 NKG2A
FOXP3 T-BET - CD39
CD56 GZMB - TIGIT
CD57 TCF-1 - -
CD20 CD45RA - -
CD11c - - -
CD163 - - -
TCRγδ - - -
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Figure 1. Perturbations in immune cell subsets in nodal periph-
eral T-cell lymphoma tissues. Samples were stained for FACS 
and analyzed using unsupervised clustering (A-B) and tradition-
al supervised analyses (C, D) after manual gating on total live 
cells (see Online Supplementary Figure S2). (A) Uniform Manifold 
Approximation and Projection (UMAP) visualization, FlowSOM 
distribution of clusters and projection of selected markers in 
concatenated samples after random selection of an equal num-
ber of cells between each group: 5 tonsils, 5 reactive lymph 
nodes (LN), 11 angioimmunoblastic T-cell lymphomas (AITL), 7 
peripheral T-cell lymphoma, not otherwise specified (PTCL, NOS). 
(B) Heatmap showing hierarchical clustering and expression 
(normalized across markers) of indicated markers in FlowSOM 
clusters, and their differential enrichment between groups. (C) 
Proportion of immune subsets using a supervised gating strat-
egy. (D) Proportion of proliferating Ki67+ cells across cell popu-
lations. Mean + Standard Error of Mean is shown; each dot 
represents a sample. Kruskal-Wallis tests were used. DS: den-
dritic cells; FC: flow cytometry; FDR: false discovery rate; NK: 
natural killer cells. *P<0.05, **P<0.005, ***P<0.001, ****P<0.0001, 
ns: not significant. ^Patient-specific cluster.
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Figure 2. Diverse phenotypes of CD4+ conventional T cells in peripheral T-cell lymphoma. (A-D) Unsupervised clustering analyses 
following manual gating on live CD3+CD4+Foxp3- conventional T cells (Tconv). (A) UMAP visualization, FlowSOM distribution of 
clusters and projection of selected markers in concatenated samples after random selection of an equal number of cells between 
each group. (B) Heatmap showing hierarchical clustering and expression (normalized across markers) of indicated markers in 
FlowSOM clusters, and their differential enrichment between groups. (C) Distribution of cells from each group on UMAP. (D) Pro-
portion of PD-1 and ICOS-expressing Tconv cells upon manual gating. Mean + Standard Error of Mean is shown. Two-way ANOVA 
tests were used; only the comparison of PD-1+ICOS+ cells between groups is shown. TFH: follicular helper cells; FC: flow cytom-
etry; FDR: false discovery rate; LN: lymph nodes; AITL: angioimmunoblastic T-cell lymphoma; PTCL, NOS: peripheral T-cell lym-
phoma, not otherwise specified. *P<0.05, ***P<0.001.
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of surface CD3 (sCD3), we also looked for aberrant cell 
phenotypes in the sCD3-negative compartment. Among 
the 23 clusters identified within these cells, we found, as 
expected, B cells, NK cells or DC (Online Supplementary 
Figure S4A, B). Interestingly, several other cell populations 
were more abundant in PTCL samples (Online Supple-
mentary Figure S4C). These included cluster 5, retrieved 
in 2 patients, that matched a CD4+ checkpoint+ TFH-like 
phenotype, similar to that found in sCD3+ Tconv cells; 
these were likely to be malignant. The cytotoxic pheno-
type of patient 11 was also found within a sCD3-negative 
cluster (cluster 3). In addition to this, we found 2 aberrant 
CD4-Foxp3+CD39+ clusters (clusters 9 and 15) only found 
in patients 9 and 25, but which did not match the phe-
notype of their sCD3+ counterpart (Figure 2B, D). 
To further harness the complexity of these tumor cell 
phenotypes, we next analyzed each sample individually in 
order to ascertain that no rare cell cluster was overlooked. 
We specifically looked for clusters of cells presenting a 
non-classical phenotype, i.e., T cells harboring loss of 
CD7, gain of CD10, or aberrant expression of surface or 
intracellular proteins. This strategy led to the identification 
of putative neoplastic phenotypes in most, but not all, 
samples (Online Supplementary Table S8). Interestingly, in 
3 PTCL, NOS samples, cell clusters exhibiting co-expres-
sion of PD-1 and ICOS could be found; thus, a diagnosis 
of nodal follicular helper T-cell lymphoma NOS could not 
be fully excluded in these cases. In line with our previous 
observations, we detected a very high heterogeneity be-
tween samples. Importantly, in about half of the cases, 
we found more than one aberrant phenotype, indicating 
that, as shown in many other cancers, PTCL are also prone 
to intra-tumor heterogeneity. 
The data thus illustrate both the complexity of proper 
tumor-cell identification in nodal PTCL, and the pertur-
bations of immune homeostasis in these diseases. This 
also warrants the use of additional tools (TRBC1 staining, 
TCR clonality at the single-cell level) to better understand 
the biology of nodal PTCL.
Foxp3+ Treg cells are critical inhibitors of anti-tumor 
immunity. We detected a significant increase in the pro-
portion of Treg cells among CD4+ T cells in both AITL and 
PTCL, NOS compared to tonsil and LN samples (Online 
Supplementary Figure S5A). Based on classical activation 
markers and Treg cell hallmarks, 6 cell clusters were iden-
tified through FlowSOM, corresponding to CD45RA+ naïve 
(cluster 6), PD1+ICOS+ TFR-like (cluster 4), CD39brightTIGIThigh 

(cluster 1) cells, as well as a subset with high expression 
of multiple Treg markers (cluster 2) (Online Supplementa-
ry Figure S5B, C). Cluster 5 was specific to patient PTCL, 
NOS 11. Of those populations, we only found a decrease in 
naïve-like TCF1+CD45RA+ cells in AITL compared to ton-
sils, but not LN; this was confirmed through supervised 
analysis (Online Supplementary Figure S5D). Collectively, 
Treg cells were abundant in PTCL and exhibited a high 

activation profile, suggesting active immunosuppression. 

Natural killer cell phenotype is not impaired in 
peripheral T-cell lymphoma
Natural killer cells are important effectors of the anti-tu-
mor response; nevertheless, their activation and function 
are often dampened in cancer, constituting an important 
mechanism of immune escape. We analyzed the distribu-
tion and activation / maturation levels of CD56+ NK cells. 
Unsupervised analyses revealed 6 clusters that could be 
generally defined as CD56bright cytokine-producing cells, 
CD57+ cytotoxic cells, and Ki67+ proliferating cells (Online 
Supplementary Figure S6A, B). There was no significant 
difference in these different populations between control 
and PTCL samples, with the exception of a slight increase 
in total GZMB+ cells in AITL, detected through supervised 
analysis and manual gating (Online Supplementary Figure 
S6B-E). Thus, the PTCL TME did not seem to significantly 
impact NK-cell distribution.

CD8+ T cells display features of exhaustion 
Next, we examined the phenotype of CD8+ T cells in lym-
phoid tissues. FlowSOM analysis on 17 markers of activa-
tion highlighted 18 distinct cell clusters that corresponded 
to: i) CD45RA+ TCF1+/- naïve-like cells, with low expres-
sion of checkpoint molecules; ii) Ki67+ proliferating cells; 
iii) GZMB+ cells devoid of checkpoint expression; and iv) 
CD45RA- activated / memory cells with the expression of 
at least 2 checkpoint receptors (Figure 3A, B). There were 
clear differences between tissues (Figure 3C). Differential 
expression analyses between subgroups of samples, high-
lighted the loss of naïve-like cells (CD45RA+TCF1+GZMB-) in 
both AITL and PTCL, NOS (clusters 12, 16 and 17) compared 
to non-malignant tissues (Figure 3B, D). In contrast, Ki67+ 
cells increased (Figure 1D), and clusters 1, 4, 6 and 7, cor-
responding to cell subsets with very strong co-expression 
of PD-1 and TIM-3 among other inhibitory receptors, were 
significantly enriched in tumor samples. Although variable, 
the total number of PD-1+TIM-3+ cells was higher in tumor 
cells compared to tonsils and reactive LN (Figure 3E). Un-
supervised clustering efficiently distinguished PTCL from 
tonsils, but not reactive LN samples, based exclusively 
on the phenotype of CD8+ T cells (Online Supplementary 
Figure S7). Of note, there were no striking differences in 
CD8+ T-cell profiles between AITL and PTCL, NOS patients, 
revealing common features of T-cell immunity between 
the 2 lymphoma subtypes. We further investigated the 
phenotype of these cells by performing Boolean analysis 
following manual gating, and observed a strong increase 
in cells expressing at least 3 inhibitory receptors in tumor 
samples compared to healthy tonsils and LN (Figure 3F). 
This exhausted phenotype, together with the expansion of 
Treg cells, suggests that strong immune suppression takes 
place in PTCL lymph nodes, emphasizing the need for im-
munotherapeutic strategies in these conditions.
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Figure 3. Peripheral T-cell lymphoma-associated CD8+ T cells adopt a highly activated, exhausted-like phenotype. (A) UMAP visualiza-
tion, FlowSOM distribution of clusters and projection of selected markers in concatenated samples, following manual gating on live 
CD8+ T cells and random selection of an equal number of cells between each group. (B) Heatmap showing hierarchical clustering and 
expression (normalized across markers) of indicated markers in FlowSOM clusters, and their differential enrichment between groups. 
(C) Distribution of cells from each group on UMAP. (D-F) Proportion of naïve (D) and exhausted (E) CD8+ T cells, and Boolean analysis of 
inhibitory checkpoint-expressing cells (F) upon manual gating. Mean + Standard Error of Mean is shown; each dot represents a sample. 
Kruskal-Wallis (D, E) and two-way ANOVA (F) tests were used. FC: flow cytometry; FDR: false discovery rate; LN: lymph nodes; AITL: 
angioimmunoblastic T-cell lymphoma; PTCL, NOS: peripheral T-cell lymphoma, not otherwise specified. *P<0.05, **P<0.005, ***P<0.001.
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Differential expression of actionable receptors on 
immune cell subsets
We thus explored whether our strategy may unveil action-
able co-stimulatory molecules, i.e., surface checkpoints 
with specific expression patterns in pro-tumoral subsets 
(Treg cells and Tconv cells containing tumor cells) versus 
anti-tumoral populations (CD8+ and NK cells). We first 
analyzed inhibitory checkpoints. As previously described,18 
PD-1 was broadly expressed (an average of 40-60% posi-
tive cells) across subsets (NK cells being negative for this 
receptor, as shown in other contexts20) (Figure 4), similarly 
to TIM-3 (9-57%) and TIGIT (30-70%). Conversely, few cells 
expressed LAG-3, and CTLA-4 was mostly found on Treg 
and Tconv cells (18-84% positive cells), while its expres-
sion was quite low on CD8+ T cells and NK cells; this was 
particularly true for AITL samples. In addition, NKG2A was 
expressed by approximately 50% of NK cells regardless of 

the pathology, and was undetected on T cells. Concerning 
‘activation’ checkpoints, ICOS and OX-40 followed a pattern 
similar to CTLA-4, whereas 4-1BB and TNFR2 displayed 
low expression, the latter being preferentially expressed 
by Treg cells. Thus, while checkpoint receptors were gen-
erally broadly expressed in PTCL, some of these targetable 
proteins (CTLA-4, ICOS, OX-40) showed specific expression 
patterns with high expression in Tconv (including tumor 
cells) and Treg cells, and low expression in anti-tumor 
effectors, indicating that they may be considered thera-
peutic targets.

Increased CD39 expression in peripheral T-cell 
lymphoma is associated with poor prognosis
In addition to these checkpoints, belonging to the CD28 
and tumor necrosis factor receptor superfamilies, we also 
investigated the expression levels of the ectonucleoti-

Figure 4. Differential expression pattern of checkpoint receptors on immune subsets in peripheral T-cell lymphoma. Proportion 
of checkpoint-expressing cells in different cell subsets following manual gating is shown as Mean + Standard Error of Mean. Two-
way ANOVA tests were used. AITL: angioimmunoblastic T-cell lymphoma; PTCL, NOS: peripheral T-cell lymphoma, not otherwise 
specified; NK: natural killer cells. *P<0.05, *P<0.005, ***P<0.001, ****P<0.0001. Non-significant values are not displayed.
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dase CD39. CD39 is a surface protein that has recently 
emerged as an important immune checkpoint in cancer 
through its ability to convert ATP to AMP, ultimately leading 
to the production of the immunosuppressive nucleoside 
adenosine.21 While CD39 was mostly expressed by DC, B 
cells, and NK cells in tonsils and non-tumoral LN, it was 

expressed by some T cells in PTCL patients (Figure 5A, 
B). In CD8+ T cells, CD39 was largely enriched in activated 
cells compared to naïve cells, and, to a greater extent, in 
exhausted T cells (Online Supplementary Figure S8A). To 
investigate whether this tumor-specific CD39 expression 
by T cells was associated with other immune perturba-

Figure 5. CD39 expression and prognostic value in peripheral T-cell lymphoma. (A) UMAP visualization of CD39 expression across 
samples. (B) Proportion of CD39+ cells across subsets and samples following manual gating. (C) Representative multi-immuno-
fluorescence (multi-IF) staining in a CD39high (top) and a CD39low (bottom) sample. (D) Multi-IF quantification of CD39+ cells across 
subsets and samples. (E) Kaplan-Meier curves of progression-free survival (PFS) and overall survival (OS). CD39high and CD39low 
samples were split upon Receiver Operating Characteristic (ROC) curve analyses (F), Hazard Ratio (HR, dots), and 95% Confidence 
Interval values (CI, bars) of the different parameters used in multivariate analyses. Two-way ANOVA (B, D), log-rank (E), and mul-
tivariate Cox regression (F) tests were used. LN: lymph nodes; AITL: angioimmunoblastic T-cell lymphoma; PTCL, NOS: peripher-
al T-cell lymphoma, not otherwise specified; F: female. *P<0.05, **P<0.005, ***P<0.001, ****P<0.0001.
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tions, we split our 18-sample cohort into CD39 low, in-
termediate and high groups (Online Supplementary Figure 
S8B). No correlation with major immune subtypes could 
be found (Online Supplementary Figure S8C). Interest-
ingly, increase in CD39 expression was associated with 
enhanced TIM-3/PD-1 and CTLA-4+CD8+ T-cell subsets, 
although this did not reach significance (Online Supple-
mentary Figure S8D). Conversely, high CD39 expression 
was correlated with lower GZMB expression, likely to be 
indicative of immune dysfunction sustaining tumor pro-
gression. We thus wondered whether CD39 expression 
impacted PTCL clinical outcome. First, we investigated 
the putative prognostic value of CD39 at the RNA level 
in bulk samples by examining the association between 
ENTPD1 expression and OS in the TENOMIC cohort, that 
consists of a dataset of microarray-defined gene expres-
sion profiles of 85 LN samples of AITL patients. In this 
cohort, the level of ENTPD1 expression in the whole bulk 
of cells was not significantly associated with a prognos-
tic value (Online Supplementary Figure S8E). To further 
explore the expression of CD39 at the protein level in 
T-cell subsets, we used a multi-immunofluorescence 
(IF) approach on tissue microarrays (TMA) comprising 
43 LN samples from AITL patients at diagnosis, with a 
10-year clinical history (Online Supplementary Tables S3 
and S4). PFS and OS in the cohort matched previously 
reported data (Online Supplementary Figure S8F). Slides 
were stained for CD3, CD8, CD39, and DAPI, and the 
proportion of each population was determined. CD3+ T 
cells, in particular the CD8+ subset, exhibited higher CD39 
expression compared to non-T cells. As in FACS analyses, 
we observed an important variability in CD39 expression 
between patients (Figure 5C, D). We first measured the 
impact of CD39 expression in different subsets by splitting 
the samples based on the median expression of CD39. 
Although the proportion of CD39+ cells among all cells 
was not associated with prognostic significance, patients 
harboring high CD39 expression among T cells (regard-
less of CD8 expression) showed a trend toward poorer 
prognosis (Online Supplementary Figure S8G). To refine 
this analysis, we analyzed the data following Receiver 
Operating Characteristic (ROC) curve-based separation 
of patients. We found that patients harboring the highest 
expression of CD39 in T cells (N=15, 35% of the entire 
cohort) exhibited a significantly poorer prognosis, both 
at the PFS and OS levels (Figure 5E). Similar conclusions 
were reached when analyzing CD39 expression in the 
CD3+CD8+ and CD3+CD8- subsets (Online Supplementary 
Figure S8H). The prognostic value of CD39 expression by 
T cells was further confirmed through multivariate Cox 
models including Prognostic Index for AITL (PIAI), sex, 
and age (Figure 5F). Together, our data suggest CD39 
expression by T cells may represent a novel independent 
prognostic factor in AITL and should be explored as a 
putative target.

Discussion

To date, and in contrast to many solid tumors and other 
hematologic malignancies, there is a clear lack of knowledge 
in the distribution and phenotype of immune cells in the 
context of PTCL. Our study documents an accumulation 
of highly activated and heterogeneous T-cell populations, 
whereas B-cell populations were less abundant in this dis-
ease. Although this confirms recently reported data,18 this 
does not preclude the therapeutic targeting of B cells, as 
these can support tumor cells.22,23 
One striking observation that can be made based on our 
data is the large phenotypic heterogeneity of Tconv cells 
between PTCL patients. Although most Tconv cells ex-
pressed at least one checkpoint surface receptor, only 
about half of them expressed PD-1 or ICOS, suggesting that 
the phenotype and biology of AITL cells extend beyond 
these 2 single markers. This merits further exploration; 
for example, by combining high-dimensional cytometry to 
single-cell TCR-seq that allows the identification of clonal 
cell populations. Most CD8+ T cells in both AITL and PTCL, 
NOS expressed at least one inhibitory checkpoint and a 
prominent PD-1+TIM3+ population could be detected, sug-
gesting that an active exhaustion process might be taking 
place in PTCL tissues. This is in accordance with observa-
tions made in patients with cutaneous T-cell lymphoma 
and other non-Hodgkin lymphomas,24-26 and confirms the 
potential benefit of checkpoint-based immunotherapies 
in PTCL. 
In this regard, we aimed to identify surface receptors 
expressed by cytotoxic T cells and/or NK cells but not 
by Tconv cells (that included most malignant cells) and 
Treg cells, or vice versa. Similar to the large spectrum of 
PD-1 expression (that may explain the hyperprogression 
detected in some PTCL patients following PD-1 blockade), 
we observed that TIGIT and TIM-3 were largely expressed 
by both tumor-promoting (tumor cells, Treg cells) and 
tumor-inhibiting (CD8+ T cells, NK cells) populations. This 
broad expression may negate the therapeutic potential of 
blocking Ab, that are currently under clinical development 
in solid and hematologic malignancies.27 In contrast, other 
surface markers, such as OX-40, or, to a lesser extent, CT-
LA-4 or ICOS, displayed a much higher expression on CD4+ 

(comprising tumor cells and Treg cells) than other subsets. 
These may thus represent attractive therapeutic targets for 
the treatment of PTCL. In line with this, mRNA expression 
of CTLA4 was shown to be associated with poor prognosis 
in a meta-analysis of PTCL transcriptomes.28 Specifically, 
this would require the use of depleting monoclonal Ab 
(mAb) through the use of Ab-dependent cellular cytotox-
icity and phagocytosis-optimized IgG1 molecules.29 To date, 
and to our knowledge, OX-40 mAb under development 
have agonistic functions and should not be recommended 
for the treatment of PTCL. The depleting effect of current 
anti-CTLA-4 mAb, such as ipilimumab, is still a subject of 
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wide debate and there is room for improvement.30,31 Differ-
ent strategies have been used to create anti-CTLA4 IgG1 
mAb with strong Treg-depleting properties and anti-tumor 
effects in preclinical models32,33 which deserve attention 
for PTCL therapy. MEDI-570, an afucosylated IgG1 anti-ICOS 
mAb, was shown to induce T-cell depletion in cynomolgus 
monkeys;34 a phase I trial reported positive signs of activ-
ity in AITL patients.35 In addition to these T-cell-targeting 
agents, NKG2A also appears to be an interesting target in 
PTCL as its expression was largely restricted to NK cells. 
As blocking anti-NKG2A mAb are currently under clinical 
evaluation in solid cancers,36 they may represent a future 
therapeutic avenue in PTCL. 
In addition to these traditional immune checkpoints, our 
data highlight CD39 as a promising target in nodal PTCL, 
both through its prognostic value and its potential thera-
peutic targeting. The combined action of CD39 and CD73 
that leads to the production of adenosine have been ex-
tensively described for their tumor-promoting functions in 
solid cancers.21 CD39 inhibition reinvigorates cytotoxic T-cell 
activity in preclinical models of melanoma or sarcoma, among 
others.37 CD39 expression also increases in different hema-
tologic malignancies, including T-cell-derived cancers such 
as adult T-cell leukemia / lymphoma or Sezary syndrome.38,39 
High expression of CD39 was shown to be associated with 
poor prognosis in diffuse large B-cell lymphoma and mul-
tiple myeloma.40,41 CD39 expression on T cells is correlated 
with disease severity in patients with chronic lymphocyt-
ic leukemia.42,43 Because of this association with tumor 
progression, the therapeutic potential of CD39 inhibition 
has mainly been evaluated in blood cancers. For example, 
mAb targeting CD39 potentiate the therapeutic efficacy of 
T-cell transfer in a humanized model of B-cell lymphoma,44 
whereas ARL67156 and POM-1, two ectonucleotisase inhib-
itors with high affinity for CD39, enhance T-cell function in 
follicular lymphoma and multiple myeloma patient samples, 
respectively.41,45 CD73 or A2AR inhibition enhances non-tu-
moral T-cell proliferation in Sezary syndrome in vitro.46 Our 
data now extend the tumor-promoting properties of CD39 
to nodal PTCL. We propose that CD39 expression could be 
assessed by immunohistochemistry and/or flow cytometry 
as a potent prognostic factor in AITL. Moreover, patients with 
PTCL may benefit from the CD39-blocking agents currently 
under clinical development for other cancers. 
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