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Extracellular adenosine (¢Ado) has been identified as a potent inhibitor of anti-tumor
immune responses and enhancer of tumor survival. Two ectonucleotidases, CD39 and CD73,
are involved in the generation of eAdo from ATP. Numerous studies have demonstrated their
active role in promoting solid tumor outgrowth and spreading but also in inhibiting the anti-
tumor immune response. Indeed, accumulation of eAdo was detected in solid tumors, and
binding of eAdo to its receptors (A2AR) expressed at the surface of immune cells provides an
immunosuppressive signal on effector T, NK and NKT cells, macrophages/dendritic cells and
neutrophils’. In addition, signaling through A2AR upregulates a number of anti-inflammatory
molecules and the activity of regulatory T-cells, leading to a long-lasting immunosuppressive
environment™. Accordingly, the use of A2AR-antagonists has demonstrated promising
efficacy in the treatment of cancer”. Anti-CD39 or -CD73 antibodies were also developed that
efficiently block the hydrolysis of ATP into immune-suppressive eAdo and unleash anti-
tumor immunity by stimulating DCs and macrophages and restoring T-cell activation™®.
Sézary syndrome (SS) is an aggressive form of cutaneous T-cell lymphoma characterized by
the presence of a malignant CD4" T-cell clone in skin and blood, and a global immuno-
deficiency’. We previously demonstrated an abnormal expression of CD39 by SS patients'
circulating tumor T-cells®, questioning the functional consequences of this overexpression in
terms of anti-tumor immune response suppression and tumor cell growth. To gain insights
into the potential role of the CD39/CD73/adenosine pathway in tumor escape, we further
evaluated both CD39 and CD73 expression by SS patients’ circulating tumor CD4" T-cell
clone and non-malignant T/B/NK lymphocytes. Multicolor flow cytometry analysis was
performed on the blood of healthy donors (HD, n=49) and SS patients whose malignant CD4"
T-cell clone can be distinguished from the non-malignant CD4" T-cells using an available
anti-TCRVPB mAb (n=37). With this larger cohort, we confirmed the previously described

overexpression of CD39 by Sézary patients' malignant CD4" T-cell clone when compared to



HD CD4" T-cell population (Figure 1A; means+SEM in supplemental Table 1). Remarkably,
addition of CD73 marker allowed to distinguish 3 groups of patients according to CD39
and/or CD73 positivity of their tumor clone (Figure 1B): 51.3% (n=19/37) and 27%
(n=10/37) of the patients had a tumor clone with a CD39'CD73" or CD39°CD73" phenotype
respectively, while 8.1% (n=3/37) were characterized by a mainly CD39°CD73" malignant
clone (representative labelings shown in supplemental Figure 1A). No overexpression of
either marker was detected on the malignant cells of 5/37 tested patients (13.5%). Significant
overexpression of CD39 or CD73 by non-malignant CD4" T-cells was also observed in SS
compared to HD (Figure 1A and 1B; Table 1). However, it could be noted that, in a given
patient, the non-malignant CD4" T-cells and the malignant clone showed distinct CD39/CD73
expression profiles (Figure 1B), re-enforcing the previously reported notion of genetic and
phenotypic disease heterogeneity”'?. Further comparison of the non-malignant lymphocyte
populations of SS patients vs. HD revealed: i) an up-modulation of CD39 and a down-
modulation of CD73 on CD8" T-cells, ii) higher expression of CD39 or CD73 by NK cells
and iii) a similar CD39/CD73 phenotype on B cells (Figure 1C-E and Table S1). Altogether,
these data highlight a strong bias in the expression profile of CD39 and/or CD73, not only on
the tumor clone but also on the non-malignant CD4" and CD8" T-cells and NK cells, in the
context of SS.

Despite high expression level of CD39 by SS patients' malignant cells, no significant
increased release of soluble CD39 was detected in SS patients' plasma samples when
compared to HD (supplemental Figure 1B). However higher levels of circulating AMP were
observed (Figure 2A), as well as an increased ability of SS patients' CD4 " T-cells to promote
ATP hydrolysis (Figure 2B). Since eAdo overproduction might occur due to CD39/CD73
overexpression, we tested its possible impact on SS patients' T-cell functions. Proliferations

assays were conducted on peripheral blood mononuclear cells (PBMC) activated with



CD3/CD28 beads. As reported previously', the CD3/CD28-induced proliferation of HD
CD4" and CDS8" T-cells was strongly inhibited in the presence of ATP (Figure 2C; n=6). This
ATP-induced inhibition was completely abolished when istradefylline, an antagonist inhibitor
of the eAdo A2AR, or an anti-CD73 mAb previously identified as blocking CD73
nucleotidase activity'®, was added. In contrast A438079, an antagonist of the ATP receptors
P2X7R, remained ineffective in preventing the effects of ATP (Figure 2C). Similar
experiments performed on SS patients’ PBMC (n=6) revealed an identical CD8" T-cell
response as in HD, namely an ATP-mediated inhibition of proliferation that was abolished by
addition of istradefylline or anti-CD73 mAb, but not A438079 (Figure 2C). Regarding CD4"
T-cells, although malignant cells proliferated less than non-malignant cells upon CD3/CD28
activation, both populations' proliferation was affected by ATP. However, abolition of the
ATP-mediated inhibition of proliferation by istradefylline or the anti-CD73 mAb appeared
fully effective on non-malignant CD4" T-cells but only partial on the malignant clone which
proliferation remained altered (Figure 2C). There again, A438079 did not prevent the
inhibitory effects of ATP regardless of the CD4" T-cell subtype. It therefore seemed that the
ATP immunosuppressive function relied on the same mechanism on SS patients' non-
malignant CD4" and CD8" T-cells that on HD normal T-cells, involving the conversion of
ATP into eAdo by CD39/CD73 and eAdo binding to A2AR on T-cells. In contrast, our data
suggest that another mechanism prevailed in malignant CD4" T-cells as inhibition of eAdo
production or eAdo/A2AR interaction was not sufficient by itself to fully prevent their ATP-
induced inhibition of proliferation. As mentioned above, malignant cells developed lower
proliferation levels than their non-malignant counterparts in response to CD3/CD28 activation
(Figure 2A), a phenomenon previously attributed to antibody-induced cell death resistance'”.
One could therefore hypothesize that part of the malignant cells are biased towards apoptosis

resistance, remaining unresponsive to proliferative signals.



New therapeutic approaches in CTCL include depleting antibodies such as the recently
developed anti-CCR4 (Mogamulizumab)'® and anti-KIR3DL2 (IPH4102/Lacutamab)'’
antibodies. It has been demonstrated that NK cells actively participated in malignant cell
depletion by exerting antibody-dependent cell cytotoxicity (ADCC)'*". Inhibition of ADCC
would therefore be detrimental for the obtention of maximal anti-tumor responses. We thus
explored the impact of ATP/eAdo generation on NK cell ADCC function. Assays were
conducted using IL15-treated PBMC as source of activated NK cells, the CD20" B cell line
Raji as target cells, and the anti-CD20 antibody Rituximab as therapeutic antibody. Efficient
killing of Raji cells was promoted by HD PBMC, that was not significantly affected by
addition of ATP (Figure 2D, left). Consequently, addition of istradefylline or A438 did not
interfere in the process leading to target cell depletion. Identical results were obtained with SS
patients' PBMC (Figure 2D, right).

We here established that CD39 and/or CD73 cell surface expression is dysregulated on
SS patients' tumor clone but also on the non-malignant T and NK cell populations, resulting
in increased ATP hydrolysis. We further demonstrated that, in an ATP-enriched cellular
environment, inhibition of the CD39/CD73/adenosine pathway could completely restore non-
malignant CD4" and CD8" T-cell proliferation but not malignant T-cell proliferation. Finally,
the ADCC activity of NK cells did not seem affected by high ATP levels. In light of these
data, the combined use of ADCC-driving therapeutic antibodies and antagonist inhibitors of
CD39/CD73/adenosine pathway could represent an interesting option for improving Ab-

dependent anti-tumor immune responses in the context of SS.



Conflict of interest disclosure

The authors declare no competing financial interests.

Acknowledgments
This work was supported by grants from INSERM, Paris Diderot University and the French

Society for Dermatology.

Authorship contributions
G.S, M.D, A.Bo and N.T performed the experiments; A.M-C designed the research; A.M-C,
A.Be, A.DM and M.B analyzed the data; M.B, C.R-W and A.DM were attending doctors for

the patients; A.M-C, M.B, A.DM and A.B wrote or critically reviewed the manuscript.



References

1. Blay J, White TDHoskin DW. The extracellular fluid of solid carcinomas contains
immunosuppressive concentrations of adenosine. Cancer Res. 1997; 57:2602-5.

2. Ohta A, Kini R, Ohta A, et al. The development and immunosuppressive functions of
CD4(+) CD25(+) FoxP3(+) regulatory T cells are under influence of the adenosine-A2A
adenosine receptor pathway. Front Immunol. 2012; 3:190.

3. Timperi EBarnaba V. CD39 Regulation and Functions in T Cells. Int J Mol Sci. 2021;
22:8068-81.

4. Whiteside TL. Targeting adenosine in cancer immunotherapy: a review of recent
progress. Expert Rev Anticancer Ther. 2017; 17:527-35.

5. Perrot I, Michaud HA, Giraudon-Paoli M, et al. Blocking Antibodies Targeting the
CD39/CD73 Immunosuppressive Pathway Unleash Immune Responses in Combination
Cancer Therapies. Cell Rep. 2019; 27:2411-2425 €9.

6. Wurm M, Schaaf O, Reutner K, et al. A Novel Antagonistic CD73 Antibody for
Inhibition of the Immunosuppressive Adenosine Pathway. Mol Cancer Ther. 2021; 2250-61.
7. Scarisbrick JJ. Infections in mycosis fungoides and Sézary syndrome are a frequent
cause of morbidity and contribute to mortality. What can be done? Br J Dermatol. 2018;
179:1243-1244.

8. Bensussan A, Janela B, Thonnart N, et al. Identification of CD39 as a Marker for the
Circulating Malignant T-Cell Clone of Sezary Syndrome Patients. J Invest Dermatol. 2019;
139:725-28.

9. Litvinov IV, Tetzlaff MT, Thibault P, et al. Gene expression analysis in Cutaneous T-
Cell Lymphomas (CTCL) highlights disease heterogeneity and potential diagnostic and

prognostic indicators. Oncoimmunology. 2017; 6:¢1306618.



10.  Najidh S, Tensen CP, Sluijs-Gelling AJvd, et al. Improved Sézary cell detection and
novel insights into immunophenotypic and molecular heterogeneity in Sézary syndrome.
Blood. 2021; 2021 Jul 27:blood.2021012286. doi: 10.1182/blood.2021012286. Epub ahead of
print. PMID: 34314480:

11.  Roelens M, Delord M, Ram-Wolff C, et al. Circulating and skin-derived Sézary cells:
clonal but with phenotypic plasticity. Blood. 2017; 130:1468-71.

12.  Tensen CP, Quint KDVermeer MH. Genetic and epigenetic insights into cutaneous T-
cell lymphoma. Blood. 2021; 2021 Sep 27:blood.2019004256. doi:
10.1182/blood.2019004256. Epub ahead of print. PMID: 34570882.:

13.  Vigano S, Alatzoglou D, Irving M, et al. Targeting Adenosine in Cancer
Immunotherapy to Enhance T-Cell Function. Front Immunol. 2019; 10:925.

14. Thomson LF, Ruedi JM, Glass A, et al. Production and characterization of monoclonal
antibodies to the glycosyl phosphatidylinositol-anchored lymphocyte differentiation antigen
ecto-5'-nucleotidase (CD73). Tissue Antigens. 1990; 35:9-19.

15.  Ni X, Zhang C, Talpur R, et al. Resistance to activation-induced cell death and
bystander cytotoxicity via the Fas/Fas ligand pathway are implicated in the pathogenesis of
cutaneous T cell lymphomas. J Invest Dermatol. 2005; 124:741-50.

16. Kim YH, Khodadoust M, de Masson A, et al. Patient characteristics of long-term
responders to mogamulizumab: results from the MAVORIC study. Eur J Cancer. 2021; 156
Suppl 1:S48-s49.

17. Bagot M, Porcu P, Marie-Cardine A, et al. [IPH4102, a first-in-class anti-KIR3DL2
monoclonal antibody, in patients with relapsed or refractory cutaneous T-cell lymphoma: an

international, first-in-human, open-label, phase 1 trial. Lancet Oncol. 2019; 20:1160-70.



18. Marie-Cardine A, Viaud N, Thonnart N, et al. IPH4102, a humanized KIR3DL2
antibody with potent activity against cutaneous T-cell lymphoma. Cancer Res. 2014; 74:6060-
70.

19. Niwa R, Shoji-Hosaka E, Sakurada M, et al. Defucosylated chimeric anti-CC
chemokine receptor 4 IgG1 with enhanced antibody-dependent cellular cytotoxicity shows

potent therapeutic activity to T-cell leukemia and lymphoma. Cancer Res. 2004; 64:2127-33.



Figures Legends

Figure 1: Abnormal expression of CD39 and CD73 on Sézary patients malignant and
non-malignant circulating lymphocytes. Expression of CD39 and CD73 was assessed on
total blood of Sézary patients (SS; n=37) or healthy donors (HD; n=49) by flow cytometry.
After acquisition on a flow cytometer, the percentage of CD39- and/or CD73-positive cells

was estimated on (A) HD (CD3'CD4") or SS total (CD3'CD4%), malignant

(CD3'TCRVB'CD4") or non-malignant (CD3'TCRVB'CD4") CD4" T cells, (D) NK cells

(CD3°CD56") and (E) B cells (CD3°'CD19"). (B) Histograms showing CD39 and CD73 single
(SP) or double (DP) expression by normal (HD) or malignant/non-malignant (SS) CD4" T
cells of each donor tested in each group. (A, C-E) Statistical analysis was performed using a

Mann-Whitney ¢ test. ** p <0.01, *** p <0.001, **** p <0.0001.

Figure 2: Impact of CD39/CD73 over-expression on malignant and non-malignant T and
NK cell functions. (A) Quantification of AMP in the plasma of HD and Sézary patients
(n=10 per group). (B) Quantification of cell-associated CD39/CD73 enzymatic activity using
purified CD4" T cells from HD or SS patients (n=4 per group). (C) T cell proliferation assay.
CFSE- or CTV-labeled PBMC from HD or SS patients (n=6 per group) were either left
untreated or activated for 4 days with CD3/CD28 beads in the presence of ATP alone or
combined to istradefylline (50 mM), A438079 (A438; 20 uM) or a blocking anti-CD73 mAb
(10 pg/ml). Following immunolabeling, proliferation of the CD4" and CD8" T cells was
assessed by flow cytometry. (D) ADCC assay. HD or SS patients PBMC were incubated with
IL15 in the presence of ATP alone or combined to istradefylline or A438. After 4 days, cells
were mixed with Raji target cells at an E/T ratio of 20/1 and Rituximab (10 pg/ml). Target
cells apoptosis was monitored by 7-AAD labeling. Results are expressed as the mean = SD of

the % of 7AAD" Raji cells obtained for the indicated conditions with HD (left panel) and SS

10



(right panel) PBMC (n=4 per group). (A-D) Statistical analysis was performed using a Mann-

Whitney ¢ test. ** p <0.01, *** p <0.001, **** p < (0.0001, ns: not significant.

11



CD73+ CD39+CD73*

CD39+

Fekk

e

ek

et

I
-

&

¥
02 ¥4
ok Ll
e st
12
e €e
- 2e /g
> 0e Le
6
P e 2t
@ 9l l2
L
ok
3 L
o £z 9€
6 S
2 L 6
v
e ® & ¥ « 9 €
SII22 +£202+6€0 240 % 8 2
S 4!
o
ve
é 18
€€e 4
12 % ™
$la & %€ 8
@ gt T =
©
. S 9l o
m 44 92
9 9
n S
2 8¢ ¢
o el
SII82 +£20240 % 8
e 0z
61 8l
s ge 82
62
. o 62
>3 vi -
vy 8
+
% e 61
o L
' ve
[ 8¢ 14
a €z
o 2e
S199 +6€0940 % 9e
v LL
S99 1 +vad B € 8 R 2 ° 8 8 83 8 & ° 8883 8 & °
m S]199 aanisod J0 9, - -
s]199 aanisod jo o, s]199 aanisod jo 9,
aH (+9A) yueubijen (-dA) yueubijew-uoN

Le
L
Sl
€€
PAS
Le
cl
/e
ol
9€

© v o
- M «
Patient #

92

el
o€
0¢
8l
8¢
62

6l
Ve
g
€¢
[43
Ll

SS

DP

aSP CD39 =SPCD73

Ss
ns

HD

r
=3
1=}

Fekedede

T T T T
e 9 9 9o
® © ¥ «

S22 +€200+6€AD 40 %

1
o

1001

Hkkk

T T T T
e o o o
® © =¥ «

SII22 +£200+6€AD 40 %

1001

ek

e o o o

201

ek

HD

T T T
w =) w

SII92 +£202 40 %

100+

(&)

s g 2 <
® © ¥ «

S92 +6€0D 40 %

S|192 1 +8AJ

100+

(@]

2 o o o

® © T o

S92 +6€0D 40 %

SII99 JIN

Ss

ns

HD

Ss

ns

ns

[=]
x

Figure 1

e ® © = «

SI32 +€20240 %

ss

!

e o 9 e ©o >
S ® © ¥ «

SI132 +6€02 40 %

S|I90 g



A B *
*
80 ™ 80+
s ] =
= 70 E |
-~ =
< 60+ © 60+
o £
‘é 50+ n £
€ 404 o 404 I
] ° 3
£ 301 nlm 8
O 20+ E.E.. -3 20+
o Py )
= 10 o
<
0 T T 0- T T
HD SS no ATP +ATP noATP +ATP
HD SS
C CD4+ T cells CD8* T cells
120 120
» ]
3 100 g 100
o o
2 80 2 8
% 5 60 5 e
S 40 g 4
k<) k]
o 20 2 20
0 "
No treatment + Istradefylline  + A438 +anti-CD73 No treatment + Istradefylline  + A438 +anti-CD73
mAb mAb
omulgG1 mCD3/28 mCD3/28 + ATP omulgG1 mCD3/28 mCD3/28 + ATP
Non-malignant CD4+ T cells
+
20 120 CD8* T cells
7] 2
TI; 100 §, 100
2 a0 £ 80
g B
s 60 k] 60
s S 4
g &
5 20 S 20
X B
No treatment + Istradefylline  + A438 + anti-CD73 No treatment + Istradefylline  + A438 +anti-CD73
mAb mAb
OmulgG1 mCD3/28 mCD3/28 + ATP omulgG1 =mCD3/28 w=CD3/28 + ATP
7]
Malignant CD4* T cells
2
°
o
o
£
S
2
°
2
S
S
®
No treatment + Istradefylline +A438 + anti-CD73
mAb
omulgG1 =CD3/28 =CD3/28 + ATP
, ns l ns
90 . ns 90 - I ns !
ns |
» 80 4 «» 80 4 ns 1
< — ° ()
o 70 4 © 70 4
gﬁ 60 gﬂ 60 4
8 50 4 £ 50 4
& 40 4 & 40 4
< 30 - 2 30 4
~ ~
S 20 4 % 20 4
x 10 4 xX 10 4
0 4 T T ] 0 4 T T ]
No treatment + Istradefylline + A438 No treatment + Istradefylline +A438

@no ATP B+ ATP

@no ATP B+ ATP

Figure 2



	Cover Page
	Article File
	Figure 1
	Figure 2

