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Abstract CD39 is an ectoenzyme, present on different

immune cell subsets, which mediates immunosuppressive

functions catalyzing ATP degradation. It is not known

whether CD39 is expressed and implicated in the activity

of CD8? regulatory T lymphocytes (Treg). In this study,

CD39 expression and function was analyzed in both CD8?

and CD4?CD25hi Treg from the peripheral blood of

healthy donors as well as from tumor specimens. CD39

was found expressed by both CD8? (from the majority of

healthy donors and tumor patients) and CD4?CD25hi Treg,

and CD39 expression correlated with suppression activity

mediated by CD8? Treg. Importantly, CD39 counteraction

remarkably inhibited the suppression activity of CD8?

Treg (both from peripheral blood and tumor microenvi-

ronment) suggesting that CD39-mediated inhibition con-

stitutes a prevalent hallmark of their function. Collectively,

these findings, unveiling a new mechanism of action for

CD8? Treg, provide new knowledge on intratumoral

molecular pathways related to tumor immune escape,

which could be exploited in the future for designing new

biological tools for anticancer immune intervention.

Keywords CD39 � CD8? Treg � Tumor immune escape �
Tolerance

Introduction

CD39 is an ectoenzyme, present at the surface of different

immune cells such as B, NK, and T lymphocytes, macro-

phages and dendritic cells that catalyzes conversion of

extracellular ATP or ADP to AMP [1, 2]. Thus, it depletes

the milieu and deprives cells from ATP. Moreover, acting

in concert with the CD73 molecule, another ectoenzyme

expressed by lymphocytes which dephosphorylates AMP

into adenosine [3], it enriches the microenvironment with

adenosine. While ATP is a potent activator of immune cells

and inflammation, mimicking the effects of a danger signal,

adenosine mediates immunosuppression inhibiting secre-

tion of inflammatory cytokines and superoxide as well as

desensitizing chemokine receptors [4]. Hence, CD39 exerts

potent immunosuppressive effects at the same time

decreasing ATP concentration and increasing adenosine

levels in the extracellular compartment. Accordingly,
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CD39 has been found expressed on CD4?CD25hi regula-

tory T cells (Treg) and involved in their regulatory activity

[5, 6].

Treg constitute a complex network of T cell subtypes

which regulate effector immune responses. They are fun-

damental for immune homeostasis since: (a) guarantee

peripheral tolerance inhibiting autoimmune responses;

(b) impede the onset of hyperacute inflammatory processes

shutting down immune reactions (and related tissue inflam-

mation) after elimination of the triggering antigen/pathogen;

(c) control chronic immune-related inflammatory processes

thus limiting the extent of tissue damage [7]. Several Treg

subpopulations have been identified so far. Although Treg

subsets belonging to the CD4? T cell compartment have

been those more extensively studied in the last decade,

growing interest is presently devoted to CD8? Treg subsets.

Notably, the first identified regulatory T cell subpopulation

consisted in CD8? T suppressor lymphocytes, as they were

called at that time [8]. Indeed, after a long period in which

these cells were looked with skepticism by immunologists

[9], in the recent years, a wide array of CD8? Treg sub-

populations have been characterized both in mice and

humans [10]. These cells, through several mechanisms, are

able to regulate peripheral tolerance [11] and, when altered,

appear to be pathogenetically involved in autoimmune

diseases [10]. Interestingly, CD8? Treg, as well as

CD4?CD25hi Treg [12, 13], may infiltrate cancer likely

contributing to tumor immune escape [14–19]. Importantly,

the level of tumor infiltration by Treg negatively correlates

with prognosis [20–24]. This is explained by their capacity to

inhibit effector immune responses including tumor-specific

reactions [25]. Subsequently, Treg tumor infiltration is

considered a main cancer pathogenic factor, a concept sup-

ported by the observation that tumors themselves favor the

enrichment of tumor microenvironment with Treg through

in situ generation and/or homing [14, 26]. Tumor-infiltrating

Treg mediate inhibition of tumor-specific immune responses

through different mechanisms [25, 27, 28].

Recently, CD39 intratumoral expression was found

related to tumor growth and dissemination [29], and the

molecule was demonstrated at the surface of tumor-infil-

trating CD4? Treg, suggesting its possible involvement in

intratumoral Treg activity [30]. Actually, it is not known

whether CD39 is also expressed by tumor-infiltrating

CD8? Treg and which functional relevance has its

expression by the different Treg subsets. In order to clarify

these issues, Treg from peripheral blood of healthy donors

as well as from tumor specimens, belonging to both the

CD4? and the CD8? T cell subsets, were phenotypically

and functionally analyzed in relation to the expression of

the CD39 molecule.

Materials and methods

Subjects

Peripheral blood samples were collected from 13 healthy

subjects.

Tumor samples were collected from a series of patients

affected with renal, bladder or colorectal cancer. To avoid

the risk of impairing the diagnostic value of surgically

excised material, only small (&5-mm diameter size) tissue

specimens were collected, although this choice limited in

some way the possibility to perform a more comprehensive

array of immunological analyses.

The study was approved by the local ethical committee,

and all patients and controls enrolled in the study provided

their informed written consent.

Monoclonal antibodies (mAb) and immunofluorescence

analyses

Cell expression of membrane antigens was analyzed by

immunofluorescence incubating the cells (1 9 105 lym-

phocytes in 100 ll of PBS) with specific mAbs at 4 �C

for 30 min in the dark. The following mAbs were used:

phycoerythrin (PE) or fluorescein isothiocynate (FITC)-

conjugated anti-CD127, allophycocianin (APC)-cyanin

(Cy) 7-conjugated anti-CD3 (e-Biosciences, San Diego,

CA), FITC-conjugated anti-CD25 (Miltenyi, Bergisch

Gladbach, Germany), PE-Cy7 or eFluor 450-conjugated

anti-CD8 (Biolegend, San Diego, CA or e-Biosciences,

San Diego, CA, respectively), Peridinin Chlorophyll

Protein Complex-cyanin 5.5 (PerCP-Cy5.5)-conjugated

anti-CD28 (eBioscience), APC-conjugated anti-CD39

(Serotec, MorphoSys US Inc), FITC-conjugated anti-

CD103 (Becton–Dickinson, BD Biosciences, San Josè

CA), PE-conjugated anti-NKG2A (IL, Milan, Italy),

FITC-conjugated anti-HLA-G (Exbio Praha a.s., Vestec,

CZ), PE-conjugated anti-LAG3 (Bioss Inc., Vobum,

MA), PE-conjugated anti-CD122 (BD Biosciences, San

Josè CA), FITC-conjugated anti-PD1 (e-Biosciences, San

Diego, CA), PE-conjugated anti-TGFb (BD Biosciences,

San Josè CA). Fluorochrome-conjugated isotype mat-

ched Abs were used as controls (BD Biosciences, San

Josè CA). After staining procedures, the cells were

acquired and analyzed by a FACSCanto flow cytometer

(BD Biosciences, San Josè CA) using FACSDIVA

software (BD Biosciences). Concerning the experiments

in which the mean fluorescence intensity (MFI) of CD39

antigen expression was evaluated, data are expressed as

CD39? cell MFI divided by CD39- cell MFI in order to

minimize the effects of interassay variations.
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Analysis of IDO-1 expression by RT-PCR

Total RNA was extracted from frozen samples by using

Omnizol reagent (EuroClone, United Kingdom, UK)

according to the producer’s instructions and eluted in 50 ll

H2O RNAase free. This RNA solution was treated with 6 U

DNase I (Promega, Madison, WI, USA). Reverse transcrip-

tion was carried out on 500 ng of total RNA using the

Superscript II Reverse Transcriptase kit (Life Technologies,

Carlsbad, CA). The following oligonucleotide pairs were

used (sense and antisense, respectively): IDO-1, 50 CT

CAGTTCCTCCAGGACATG-30 and 50-TAAATCAGT

GCCTCCAGTTCC-30; GADPH, 50- GGCATCCTGGGCT

ACACTGA-30 and 50- TGGTGGTCCAGGGGTCTT-30.
Classical RT-PCR amplification was undertaken with

DreamTaq DNA polymerase (Fermentas, Amherst NY,

USA). The cycling conditions were 5 min at 96 �C, 37 cycles

of 45 s at 94 �C, 45 s at 57 �C, 1 min at 72 �C, with a final

extension of 10 min at 72 �C. IDO-1 PCR product was con-

firmed by sequence analysis using the ABI BigDye Termi-

nator Ready Reaction Mix (Life Technologies, Carlsbad,

CA) and analyzed on an ABI 3130XL Genetic Analyzer (Life

Technologies, Carlsbad, CA) according to the manufac-

turer’s protocol.

Purification of CD8? and CD4?CD25?

T lymphocytes

Peripheral blood mononuclear cells (PBMC) were purified

from heparinized blood samples from healthy controls by

centrifugation on Ficoll-Hypaque gradient (Biochrom AG,

Berlin, Germany) for 30 min at 1,800 rpm.

Lymphocytes from surgical specimens were purified

filtering minced tissues using a sterile cell strainer (Falcon,

BD Biosciences, San Josè CA) and running the collected

cells on Ficoll gradient. The total number of recovered

lymphocytes ranged from 1 9 106 to 6 9 106 cells in the

different samples. CD8? T cells were isolated by

sequential cycles of cell sorting on magnetic beads using

microbeads conjugated with mAb specific for the CD8

antigen (Dynal CD8 positive isolation kit, Invitrogen by

Life Technologies Ltd., Paisley, UK) following the man-

ufacturer’s instructions. When the amount of purified cells

made it possible, intratumoral CD8? Treg were further

isolated by cytometric cell sorting. To this aim, purified

CD8? T lymphocytes were labeled with PE-Cy7 or eFluor

450-conjugated anti-CD8 mAb, PE-conjugated anti-CD127

mAb, PerCP-Cy5.5-conjugated anti-CD28 mAb, and APC-

conjugated anti-CD39 mAb and CD8? CD28-CD127-

CD39? Treg were sorted using a FACSAria cytometer

(BD Biosciences). The CD4?CD25? regulatory T cell

isolation kit, human (Miltenyi Biotech, Bergisch Gladbach,

Germany) was used for purification of CD4?CD25? T

cells. The purity of sorted cells was C95 % as demon-

strated by flow cytometric analysis.

Generation of CD8? Treg from PBMC

CD8? Treg were generated as described [31]. Briefly,

purified CD8? T lymphocytes (2 9 105 cells/well) resus-

pended in culture medium consisting of RPMI 1640 culture

medium (Gibco by Life Technologies Ltd., Paisley, UK)

added with 10 % fetal calf serum (Invitrogen by Life

Technologies Ltd., Paisley, UK) were incubated with 20

U/ml of IL-2 (Proleukin, Eurocetus, Amsterdam, The

Netherlands) and 10 ng/ml of IL-10 (PeproTech, Rocky

Hill, NJ, USA) or 5 ng/ml of TGFb (PeproTech, Rocky

Hill, NJ, USA) in 96-well flat bottomed plates in 96-well

flat-bottom plates (Corning Life Sciences, Amsterdam, The

Netherlands) at 37 �C for 7 days.

At the end of the incubation, the cells were collected,

washed, counted, and used as suppressors in a proliferation

suppression assay.

Proliferation suppression assay

The suppression activity was evaluated by monitoring the

inhibition of dye dilution in PBMC from healthy donors

stained before the test with carboxyfluorescein succinim-

idyl ester (CFSE) (5 lM) (Molecular Probes, Invitrogen).

After staining, the cells were pulsed with the anti-CD3

UCTH-1 mAb (5 lg/ml, BD Bioscience) and cultured for

5 days in a 96-well flat bottomed plate (1 9 105 cells/well)

in the presence (or not) of the following suppressive T cell

subpopulations (1 9 105 cells/well): (a) ex vivo generated

CD8? Treg from peripheral blood of healthy donors;

(b) CD4?CD25hi Treg purified from the peripheral blood

of healthy donors; (c) CD8? T cells purified from tumor

specimens; (d) CD4?CD25hi Treg purified from tumor

specimens. In some experiments, CD8? Treg or intratu-

moral CD8? T cells were transfected with a CD39-specific

silencing RNA (siRNA) before being tested for their sup-

pression activity. In other experiments, suppression assays

were performed in the presence or not of the ecto-ATPase

inhibitor diethyl-b-c-dibromomethylene-D-adenosine-50-
triphosphate trisodium salt hydrate (ARL67156)

(250 lMol) (Tocris Bioscience, Bristol, United Kingdom)

and/or of the neutralizing anti-IL10 23738 mAb (10 lg/ml)

(R&D Systems, Minneapolis, USA), in order to counteract

the inhibitory activities of CD39 or IL10, respectively. The

mouse IgG2b isotypic control (R&D Systems, Minneapo-

lis, USA) was used for the experiments with the anti-IL10

mAb. Then, the samples were washed in PBS and acquired

by flow cytometer. The dead cells were excluded from

analysis by adding 7-aminoactinomycin D (Becton–Dick-

inson, BD Biosciences, San Josè CA) before acquisition.
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CD39 gene silencing

SASI_Hs02_00318598 CD39-specific siRNA (Sigma

Aldrich s.r.l., Milan, Italy) was used for silencing CD39

gene expression on CD8? Treg. The sequences of sense

and antisense strands of CD39-specific siRNA were 50-CU

AUGUCUUCCUCAUGGUU-30 and 50-AACCAUGAGG

AAGACAUAG-30, respectively. In order to make the

silencing activity more efficient, single strands of siRNA

were annealed, according to the manufacturer’s recom-

mendation. Single strands of siRNA were annealed in an

annealing buffer, containing 10 mM Tris, pH 7.5, and

20 mM NaCl in RNAase free water, heated to 95 �C for

1 min, then cooled and annealed at room temperature for

12–16 h. The siRNA were precipitated and resuspended in

RNAase free water. To monitor annealing, RNAs were run

in a 2 % agarose gel in TAE buffer and stained with SYBR

safe. T cells (4 9 105) were transfected with 5 lg of

CD39-specific siRNA using the liposomal transfection

reagent (Roche Applied Science, Monza, Italy) following

the manufacturer’s instructions. Cells were cultured for

24 h in culture medium; cells treated with the liposomal

transfection reagent without the CD39-specific siRNA

were used as control. CD39 gene silencing by siRNA on

Treg was validated by cytofluorimetric analysis.

Statistical analysis

Statistically significant differences between mean values

were analyzed by the Mann–Whitney test for nonpara-

metric values or by the paired t-test. Correlations between

variables were analyzed by Spearman correlation test.

Differences were considered statistically significant when

P \ 0.05. The statistical analyses were performed using the

GraphPad Prism 4.0 Software (GraphPad Software, Inc, La

Jolla, CA).

Results

CD8? Treg generated from healthy donors express

CD39

No data are so far available relatively to the expression and

eventual functional role of the CD39 molecule in CD8?

Treg. In order to clarify this issue, the expression of CD39

was correlated with the suppression activity of CD8? or

CD4?CD25hi Treg from healthy subjects. To this aim,

CD8? Treg (named non-antigen specific CD8? Treg in

previous work [31]) were generated from circulating

CD8? T cells using either IL10 or TGFb as inducer

cytokine; CD4?CD25hi were purified from the peripheral

blood. Both CD8? Treg, phenotypically characterized to

be CD8? CD28-CD127lo [32] (and not expressing any of

the following markers: FoxP3 [32], NKG2a, PD1, CD103,

CD122, HLA-G, IDO, LAG3, TGFb) (Online resource,

Supplementary Figure 1), and CD4?CD25hi Treg showed

the presence of the CD39 antigen with a similar extent of

percentage expression, ranging from 2 to 92 % for CD8?

Treg and 8–100 % for CD4?CD25hi Treg (Table 1, Fig. 1a,

b). Notably, CD8? Treg generated in the presence of either

IL10 or TGFb showed comparable amount of CD39

expression (Online resource, Supplementary Figure 2).

CD39 is involved in the suppression activity

of CD8? Treg generated from healthy donors

In order to verify whether the CD39 molecule plays any

role on CD8? Treg activity, the suppressive function of

CD8? Treg from 13 healthy donors was correlated with

the relative percentage of CD39 expression. Interestingly, a

positive correlation was observed between the two vari-

ables (Fig. 2a), suggesting a strict relationship between

them. The same analysis performed on CD4?CD25hi Treg

from the peripheral blood of 10 healthy donors did not

show any significant correlation (Fig. 2b).

Although a full characterization of CD8? Treg would

have required their purification ex vivo from blood samples

of healthy donors, this was not possible due to the very low

frequency of these cells in the circulation (Online resource,

Supplementary Figure 3, panel A).

In order to define the relevance of CD39-dependent

activity on CD8? Treg global function, experiments were

performed using a specific siRNA as CD39 inhibitor.

Figure 2c, d demonstrates that downmodulation of CD39

expression on CD8? Treg by RNA interfering (shown in

the insert of Fig. 2d) induced a remarkable ([50 %)

Table 1 Expression of CD39 molecule on Treg from healthy

subjects

Subject # %CD39?/CD8? Treg %CD39?/CD4?CD25hi Treg

1 62 38

2 30 52

3 92 76

4 4 100

5 2 61

6 90 49

7 30 70

8 7 74

9 6 14

10 6 8

11 50 nd

12 35 nd

13 40 nd
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reduction of the suppressive function. Notably, siRNA-

transfected CD8? Treg did not show any variation of other

tested membrane antigen expression (CD8, CD28, CD127)

with respect to untreated cells or to cells treated with the

liposomal transfection reagent only, demonstrating the CD39

specificity of siRNA effect (not shown). Moreover, CD39

expression was comparable on CD8? Treg treated or not

with the liposomal transfection reagent without the CD39-

specific siRNA, again showing that the CD39 downmodu-

lation is strictly a siRNA-mediated event (Fig. 2e).

CD39 is expressed on intratumoral CD8? Treg

and mediates suppression activity

Since CD8? Treg heavily infiltrate human cancers [14–

19], it is of great interest to identify any mechanism used

by these cells to induce intratumoral suppressive functions

that may hamper tumor-specific immune responses. The

characterization of the CD39 molecule as one relevant

mediator of CD8? Treg activity prompted an analysis on

tumor-infiltrating CD8? Treg in order to verify whether

CD39-dependent inhibitory function is also exploited by

these cells. Hence, the frequencies of CD8? Treg were

comparatively measured in the peripheral blood of healthy

subjects and cancer patients. Interestingly, in our series of

cancer patients, the percentage of circulating CD8? CD28-

CD127loCD39?Treg was significantly higher than that

observed in healthy subjects (Online resource, Supple-

mentary Figure 3, panels A, B and C). In order to verify

whether CD8? CD28-CD127loCD39?Treg were present

and functional at the tumor site, intratumoral CD8? Treg

were analyzed from a series of surgical tumor specimens.

To achieve comparative information concerning

CD4?CD25hi Treg, intratumoral CD4?CD25hi Treg were

also considered. In 28 out of 33 cases (84 %), intratumoral

CD8? Treg showed CD39 expression with a range of

percentage expression comparable to that of CD8? Treg

generated from the peripheral blood of healthy donors, and

with a molecular density per cell (as assessed by the

measurement of the specific MFI) higher than that detected

in the corresponding cells from healthy donors (Table 2,

Fig. 3a, b). Importantly, the frequency of intratumoral

CD8? CD28-CD127loCD39? Treg significantly correlated

with the tumor stage as assessed by TNM classification

(Online resource, Supplementary Figure 4). When intratu-

moral CD4?CD25hi Treg were analyzed, no differences

between CD39-specific MFI on cells from healthy donors

and tumor specimens were observed (Fig. 3c, d). These

data suggest a possible involvement of CD39 in the

regulatory activity exerted by each Treg subset within

the intratumoral microenvironment. A significant correla-

tion between the percentages of CD39 expression on

Fig. 1 Phenotypes of CD8? Treg (a) and CD4?CD25hi Treg

(b) from a healthy subject (donor # 1). CD8? Treg were generated

in vitro from purified CD8? T lymphocytes; CD4?CD25? Treg

were directly purified from the peripheral blood. Shown data are

representative of the CD8? and CD4?CD25hi Treg phenotypic

characterization performed with cells from all the other donors. In the

dotplots Treg populations are in black. The percentages of CD39?

Treg are indicated in the histograms
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intratumoral CD8? Treg, but not on CD4?CD25hi Treg,

and their relative suppression activities was detected

(Fig. 3e, f) indicating a strict relationship between CD8?

Treg function and the expression of the CD39 molecule. To

confirm the involvement of CD39 in mediating the sup-

pression activity of tumor-infiltrating CD8? Treg, the

regulatory activity of CD8? T cells purified from tumor

specimens was also tested after treatment with a CD39-

specific siRNA. Indeed, Fig. 4 shows that CD39 down-

modulation greatly decreased the extent of suppression

activity of tumor-infiltrating CD8? Treg. These data were

further confirmed when CD8? CD28-CD127loCD39? Treg

856 Cancer Immunol Immunother (2013) 62:851–862
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were isolated by cytometer cell sorting from specimens of

patients #22, #24, and #33 and tested for their suppression

activity. Importantly, these cells showed a remarkable sup-

pression activity in all analyzed cases (Online resource,

Supplementary Figure 5, panels A, B and C). This was not the

case for CD8? CD28-CD127loCD39- that exerted remark-

able suppression activity only in 1 out of 3 cases (Online

resource, Supplementary Figure 5, panel D). Interestingly,

the suppression activity was mainly dependent on soluble

factors since observed also when the experiments were per-

formed in a transwell system (Online resource 5, panel B). In

order to define the relative contribution to CD8? Treg

function of CD39 activity compared with IL10 secretion (an

already validated mechanism mediating CD8? Treg sup-

pression) [14], experiments were performed in which CD8?

Treg function was analyzed in cells treated with specific

inhibitors of IL10, CD39, or both molecules. Interestingly,

different efficacy of each inhibitor and of their combination

was detected among samples from different cancer patients

(Table 3 and Online resource, Supplementary Figure 6).

Discussion

The results of our study show that: (a) CD39 is frequently

expressed by CD8? Treg and is strictly involved in CD8?

Treg suppression activity; (b) CD39-dependent suppression

is a main mechanism of action of tumor-infiltrating CD8?

Treg.

CD39 acts as immunomodulator by triggering the met-

abolic pathway that degrades exogenous ATP leading to

adenosine production. Hence, at the same time, it deprives

cells of an important energy source and favors the forma-

tion of a potent inhibitor of effector function. On this basis,

it is not surprising that CD39 is expressed by CD4?CD25hi

Treg where it has been previously shown to be linked with

Foxp3 expression [32] and related to their inhibitory

function [5, 6]. Considering that Treg are also present

within the CD8? T cell subpopulation, we searched for

CD39 expression and functional relevance on CD8? Treg.

CD8? Treg constitute an intricate cellular network, char-

acterized by a wide array of subtypes differing each other

for phenotypic and functional features (reviewed in [10]).

We focused our attention on one specific CD8? Treg

subpopulation, previously called ‘‘non-antigen specific

CD8? Treg’’, because these cells have already been found

in tumor microenvironment [14]. In the previous studies,

we found that these cells are characterized phenotypically

by their lack of CD25, CD28, CD127, CCR7, and Foxp3

expression, and by the presence on their surface of

CD45RA antigen [31, 32], thus suggesting that these cells

are terminally differentiated T lymphocytes [33] not

belonging to the population of Foxp3-dependent, natural

Treg [34]. Although their generation may be mediated by

both IL10 and TGFb, as shown here, functionally these cells

are strictly IL10-dependent, since their activity requires this

cytokine to occur [31]. Indeed, they mediate their inhibitory

signals through soluble factors, as demonstrated by the fact

that their activity is unaltered when exerted in transwell

systems [31]. IL10 is not the only player since CD8? Treg

function is hampered by counteraction of other molecules

such as IFNc and IL6 [35]. It is noteworthy to consider that

all these cytokines may also have activatory, pro-inflam-

matory functions mainly triggering cells of innate immunity

[36–38], suggesting that the role of CD8? Treg is not only

to suppress, but also to fine tune the homeostasis between

innate and adoptive immunity.

Here, we enrich the knowledge on this Treg subset by

demonstrating that CD39 may be also a relevant molecule

for their function, notwithstanding the lack of Foxp3

expression [32]. It is likely that molecular pathways other

than Foxp3 drive CD39 expression in this type of CD8?

Treg, and their identification will be the focus of future

work. Importantly, CD39 percentage expression correlated

with the functional activity of CD8? Treg, an unprece-

dented finding replicated in both cells from healthy donors

and tumor specimens. This suggests that CD39 activity on

CD8? CD28-CD127loCD39? Treg may have a dominant

functional role. Accordingly, our findings highlight that the

cell subset constituted by CD8? CD28-CD127lo T cells not

Fig. 2 Relationship between suppression activity and CD39 expres-

sion in Treg from healthy subjects. CD8? Treg were generated

in vitro from purified CD8? T lymphocytes; CD4?CD25? Treg

were directly purified from the peripheral blood. a Correlation

between percent suppression activity and percent expression of CD39

on CD8? Treg from 13 healthy subjects; b Correlation between

percent suppressive activity and percent expression of CD39 on

CD4?CD25hi Treg from 10 healthy subjects; c Experiment of

suppression activity by CD8? Treg treated or not with the

SASI_Hs02_00318598 CD39-specific siRNA performed with cells

from donor # 3. The histograms refer to the proliferation activity of a

responder PBMC stimulated with an anti-CD3 mAb cultured without

CD8? Treg (left panel), with CD8? Treg (middle panel), or with

CD8? Treg treated with the inhibitory CD39-specific siRNA for 24 h

before the test (right panel). The percentages of proliferating cells are

shown in all the three panels while the percentages of suppression

activity are indicated between parentheses in the middle and right
panel, respectively. The experiment is representative of all the

experiments performed with cells from the other donors. d Counter-

action of CD8? Treg suppression activity by a CD39-specific

interfering RNA. In vitro generated CD8? Treg were transfected or

not with the SASI_Hs02_00318598 CD39-specific siRNA for 24 h

before being tested for their suppression activity (big panel). The

percentage of CD8? CD28-CD127loCD39? Treg in control cells and

in cells treated with the CD39-specific siRNA is shown in the insert.

The results are expressed as mean ± SD of data from 4 independent

experiments performed with cells from donors # 1, 2, 3, 8,

respectively. *: P = 0.04. e Histogram showing CD39 expression

on control CD8? Treg untreated (dark gray) or treated with the

liposomal transfection reagent in the absence of the CD39 specific

siRNA (light gray)

b
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expressing CD39 may have different functional behavior in

different subjects, in the sense that these cells may act or

not as Treg. This observation, together with the consider-

ation that CD8? CD28-CD127loCD39? T cells invariably

exert suppression activity, suggests that CD39 likely

identifies a homogeneous subset with regulatory function

among the CD8? CD28-CD127lo T cells. The relevance of

the identification of this particular subpopulation of Treg is

suggested by the correlation that the level of their intra-

tumoral infiltrate shows with tumor stage. This observation,

associated with the finding of high frequency of these cells

in the peripheral blood of cancer patients with respect to

healthy subjects, suggests that their active recruitment at

the tumor site might have a pathogenic role.

The discovery that CD39 is involved in CD8? Treg

suppression activity indicates that these cells may use

several, potentially complementary pathways of immune

regulation. Whether all these pathways act at the same time

or vicariate each other in relationship with microenviron-

mental input has to be elucidated. It is also possible that the

redundancy of inhibitory mediators expressed by these

cells could be related to their specific activity on different

cell subsets (as it is the case of CD4? and CD8? T lym-

phocytes that are both inhibited by CD8? CD28-

CD127loCD39? Treg). On this basis, it will be of interest

in the next studies to analyze the activity of CD8? CD28-

CD127loCD39? Treg on other cell types involved in the

immune response, such as DC, monocytes and NK lym-

phocytes, correlating the eventual inhibitory effects with

the specific molecular mediator. Our data show that IL10

or CD39 inhibitors had variable efficacy in modulating the

regulatory activity of CD8? CD28-CD127loCD39? Treg

from different tumor patients. This observation highlights

Table 2 Tumor details and relative percentage expression of CD39

on intratumoral CD8? and CD4?CD25hi Treg

Patient

#

Tumor hystology Stage

TNM

%CD39?/

CD8?

Treg

%CD39?/

CD4?CD25hi

Treg

1 Renal cell

carcinoma

1B 20 nd*

2 Bladder

carcinoma

In situ 6 nd

3 Renal cell

carcinoma

2B 31 56

4 Renal

liposarcoma

1 12 9

5 Renal cell

carcinoma

1B 0 30

6 Renal cell

carcinoma

2 0 24

7 Colonrectal

adenocarcinoma

3 0 nd

8 Colonrectal

adenocarcinoma

3 71 94

9 Renal cell

carcinoma

1 5 11

10 Renal cell

carcinoma

1A 35 7

11 Renal cell

carcinoma

1B 17 nd

12 Renal cell

carcinoma

2 63 72

13 Renal cell

carcinoma

2B 93 98

14 Renal cell

carcinoma

3 81 41

15 Renal cell

carcinoma

3A 34 nd

16 Renal cell

carcinoma

1B 24 nd

17 Renal cell

carcinoma

3A 40 nd

18 Renal cell

carcinoma

3A 23 80

19 Renal cell

carcinoma

3A 43 84

20 Renal cell

carcinoma

1B 0 33

21 Renal cell

carcinoma

2 5.7 85

22 Renal cell

carcinoma

3A 82 55

23 Renal cell

carcinoma

1B 7.5 23

24 Renal cell

carcinoma

3A 81 98

25 Bladder

carcinoma

1A 6.3 71

26 Bladder

carcinoma

1 0 0

Table 2 continued

Patient

#

Tumor hystology Stage

TNM

%CD39?/

CD8?

Treg

%CD39?/

CD4?CD25hi

Treg

27 Bladder

carcinoma

2 95 85

28 Bladder

carcinoma

3A 52 74

29 Bladder

carcinoma

3 42 62

30 Bladder

carcinoma

In situ 14 100

31 Bladder

carcinoma

In situ 3.6 87

32 Bladder

carcinoma

In situ 20 82

33 Bladder

carcinoma

3 25 33

* Not done due to lack of enough cells or sample unavailable
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Table 3 Suppression activity of intratumoral CD8? T cells from different tumor patients in the presence or not of CD39 and/or IL10 inhibitors

Patient # Culture conditions

No inhibitors CD39 inhibitiona IL10 inhibitionb CD39 ? IL10 inhibition

15 34* 11 25 25

16 90 76 76 59

17 74 0 36 0

* Data are expressed as percent suppression activity
a CD39 inhibition was achieved performing the assay in the presence of the ecto-ATPase inhibitor ARL67156 (250 lMol). No significant

differences of the basal proliferative activity of anti-CD3 mAb-stimulated PBMC were observed in the presence or absence of ARL67156, ruling

out the possibility of a direct activity of the inhibitor on the proliferating T cells
b IL10 inhibition was achieved by performing the assay in the presence of the neutralizing anti-IL10 23,738 mAb (10 lg/ml). No significant

differences of the basal proliferative activity of anti-CD3 mAb-stimulated PBMC were observed in the presence or absence of the anti-IL10

mAb, ruling out the possibility of a direct activity of the inhibitor on the proliferating T cells. Moreover, in the presence of the isotypic control

mAb, the percentages of suppression were 35, 89, and 77 % relatively to patients # 15, 16, and 17, respectively

Fig. 3 CD39 expression on intratumoral Treg subsets. a and c Phe-

notypic analyses on tumor-infiltrating CD8? (a) and CD4?CD25hi

(c) Treg purified from tumor specimens of patient # 12. Shown data

are representative of the CD8? and CD4?CD25hi Treg phenotypic

characterization performed with cells from all the other tumor

specimens. The percentages of CD39? Treg are indicated. b Com-

parison of CD39 MFI between CD8? Treg ex vivo generated from

the peripheral blood of healthy donors and CD8? Treg purified from

tumor specimens; data are expressed as MFI on CD8? Treg divided

by MFI of CD39- cells in order to minimize the effects of interassay

variations. d Comparison of CD39 MFI between CD4?CD25hi Treg

from the peripheral blood of healthy donors and CD4?CD25hi Treg

purified from tumor specimens; data are expressed as MFI on

CD4?CD25hi Treg divided by MFI of CD39- cells in order to

minimize the effects of interassay variations. e Correlation between

percent suppression activity and CD39 percent expression of CD8?

Treg from tumor specimens of all 19 patients enrolled in the study;

f Correlation between percent suppression activity and CD39 percent

expression of CD4?CD25hi Treg from tumor specimens of patients #

3, 4, 5, 6, 8, 9, 10, 12, 13, 14
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the importance of the characterization of intratumoral

regulatory pathways (and molecules) in order to fully

understand the leading mechanisms of immune escape at

play in individual patients. Indeed, each of these mecha-

nisms may represent a useful target for immune modulation

in anti-tumor immunotherapy, provided that it is taken into

consideration the immunobiology of the single tumor and

that specific immune intervention(s) is tailored to patient

requirements.
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