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Abstract
Adult T-cell leukemia/lymphoma (ATLL) patients have an extremely poor prognosis, partly due to their immunosuppressive
state. The majority of ATLL patients have leukemic cells with phenotype similar to Tregs, prompting suggestions that ATLL
cells themselves have immunosuppressive functions. In this study, we detected CD39 expression on ATLL cells, particularly
frequent on aggressive subtypes. CD39 and CD73 convert extracellular adenosine triphosphate (ATP) into adenosine, a key
player in Tregs’ immunosuppression. In vitro culture, both CD39+ ATLL cells and normal Tregs converted rapidly
extracellular ATP to AMP, which was disturbed by CD39 inhibitors, and was negated in the CD39 knockout MJ cell line.
The proliferation of cocultured CD4+/CD8+ normal T cells was suppressed by CD39+ MJ cells, but not by CD39 knockout
MJ cells. Supplemented ATP was exhausted by an EG7-OVA T-cell line with stable CD39 induction, but not by mock.
When these cell lines were subcutaneously transplanted into murine flanks, Poly(I:C) peritoneal administration reduced
tumor size to 1/3 in mock-transplanted tumors, but not in CD39 induced tumors. Overall, we found that ATLL cells express
CD39 at a high rate, and our results suggest that this helps ATLL cells escape antitumor immunity through the extracellular
ATPDase-Adenosine cascade. These findings will guide future clinical strategies for ATLL treatment.

Introduction

Adult T-cell leukemia/lymphoma (ATLL) is a mature
T-cell neoplasm that has been linked to the human T-cell
lymphotropic virus HTLV-1 [1, 2]. Despite intensive
research, the prognosis of ATLL remains poor. The acute
and lymphoma subtypes are extremely aggressive, and
most patients die within 1 year after diagnosis [3, 4],
mainly due to chemotherapy resistance and severe
immunosuppression [5]. Patients with ATLL are often
susceptible to opportunistic infections, such as cytome-
galovirus, human herpes virus-6, and Pneumocystis
jirovecii [6].

The etiology of immunosuppression in ATLL patients is
unclear. HTLV-1 primarily infects CD4+ T cells and other
blood cells, and most ATLL cells have the phenotype CD4+

CD25+CCR4+FoxP3+. This is the same phenotype of the
immunosuppressive T-cell subset termed regulatory T cells
(Tregs) [7, 8], prompting suggestions that ATLL cells ori-
ginate from Tregs. However, it remains controversial whe-
ther ATLL cells themselves have immunosuppressive
functions, with some studies reporting that ATLL cells have
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suppressive functions [9, 10], and others finding that they
do not [11, 12].

Recent reports describe the phenotypic and functional
categorization of human FoxP3+CD4+ cells into three
groups, among which the CD45RA−FoxP3low subset
comprises non-Tregs without immunosuppressive func-
tion [13]. It was proposed that immunosuppressive func-
tion might be dependent on the FoxP3 expression level in
Tregs. Chen et al. reported the detection of immune
suppressive activities in HTLV-1 infected cell lines and
primary ATLL cells [9]. Some reports also indicate that
FoxP3 expression is associated with the immunosup-
pressive state of ATLL patients [14]. However, this
relationship has not been observed in all cell lines, or in
CD4+CD25+ cells from patients. Unlike in Tregs, patient-
derived CD4+CD25+ cells did not exhibit immune sup-
pressive function that paralleled FoxP3 expression levels.
Furthermore, induced FoxP3 expression in HTLV-1-
infected cell lines failed to trigger immunosuppressive
activity. Notably, HTLV-1 infection also induces HTLV-
1-associate myelopathy/tropical spastic paraparesis
(HAM/TSP) and other autoimmune diseases. Some stu-
dies have reported decreased FoxP3 expression in the
CD4+CD25+ cells of HAM/TSP patients compared with
in healthy carriers [15]. However, the autoimmune disease
severity is not proportional to the FoxP3 expression
levels. Thus, it is now recognized that FoxP3 expression
is not directly associated with immunosuppressive
function.

Our present study started with analysis of the roles of
molecules expressed in ATLL cells, which are associated
with the immunosuppressive functions of Tregs. It is
widely believed that cancer cells escape elimination by
host immune systems by utilizing Tregs, or other immune
suppressive systems, and many studies have been con-
ducted to investigate the mechanism underlying this
action. However, the precise immune functions of ATLL
cells and the underlying mechanisms have not yet been
elucidated. We detected CD39 expression on a portion of
ATLL cells, with particularly high expression on
aggressive subtypes. Thus, in the subsequent investiga-
tions in this study, we focused on CD39 and the related
molecules CD73 and CD26.

CD39 (also termed ectonucleoside triphosphate
diphosphohydrolase-1 or ENTPD1) is expressed or over-
expressed in some types of neoplasms [16, 17], and is
reportedly involved in the immunosuppressive mechanism
via its extracellular adenosine triphosphate (ATP) metabo-
lism. Thus, CD39 is now being investigated as a promising
clinical target. CD39 is physiologically expressed on an
effector/memory-like subset of FoxP3+ Tregs. It is an
ectonucleotidase that catalyzes the hydrolysis of extra-
cellular nucleotides, such as dephosphorylating ATP into

AMP [18, 19]. CD73 (also termed ecto-5′-nucleotidase or
NT5E) is a glycosyl phosphatidylinositol-linked membrane-
bound glycoprotein that catalyzes the dephosphorylation of
AMP into adenosine. CD73 is expressed on some subsets of
B and T cells, dendritic cells, epithelial cells, and endo-
thelial cells, including murine Tregs, but not human Tregs,
and can exist in a soluble form in plasma. The ecto-
enzymatic cascade of CD39 and CD73 generates extra-
cellular adenosine that can prevent activation, proliferation,
cytokine production, and cytotoxicity in T cells [18]. One of
the suppressive mechanisms attributed to Tregs is metabolic
disruption, which is partly ascribed to CD39 and CD73
expressions and the concomitant adenosine production
[20–22]. Downstream of this enzymatic cascade, CD26
(also termed dipeptidyl peptidase VI or DPP4) interacts
with adenosine deaminase (ADA) and inhibits the Tregs’
immunosuppressive function by catalyzing adenosine into
inosine.

In this study, we investigated the expressions of CD39,
CD73, and CD26 in leukemic cells (CD4+CD7−CADM1+

cells) and normal cells (CD4+CD7+CADM1−) from 40
patients, including 10 asymptomatic carriers of HTLV-1,
and 30 ATLL patients. Through comparative genetic ana-
lyses, and in vivo and in vitro investigations using cell lines
with altered CD39 expression, we clarified the mechanisms
of immunosuppression by ATLL cells.

Materials, patients, and methods

Blood samples from patients

After obtaining informed consent, blood samples were
collected from 10 asymptomatic HTLV-1 carriers and 30
ATLL patients (2 with smoldering type, 12 with chronic
type, 14 with acute type, and 2 with lymphoma type). From
these samples, we isolated peripheral blood mononuclear
cells (PBMCs) using Ficoll-Paque (Pharmacia Biotech)
density-gradient centrifugation.

Antibodies, reagents, and cell lines

The HTLV-1-infected cell lines MT1, MT2, and MT4 were
purchased from JCRB Cell Bank. The HTLV-1-infected cell
line MJ, and the T-cell lymphoma cell lines Jurkat and EG7-
OVA were provided by ATCC (VA, USA). All cell lines are
identified based on short tandem repeat profiles by providers,
and mycoplasma contaminations were denied both by provi-
ders and at our laboratories. Cell lines and PBMCs were
cultivated using RPMI 1640 Medium (Nacalai Tesque,
Kyoto, Japan) supplemented with 10% fetal bovine serum
(FBS), and Penicillin–Streptomycin Mixed Solution (×100)
(Nacalai Tesque). Mouse anti-CD4, CD8, CD7, CD39,
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CD73, and CD26 antibodies were purchased from Biolegend
(San Diego, CA, USA), and anti-CADM1 antibody was
purchased from MBL Inc. (Woburn, MA, USA). Adenosine
5′-triphosphate disodium salt hydrate, adenosine 5′-mono-
phosphate hydrate, and adenosine were purchased from
Sigma Aldrich (now Merck KGaA, Darmstadt, Germany).
Polyinosinic-polycytidylic acd sodium salt (Poly(I:C)) was
purchased from R&D systems (Minneapolis, MN, USA). The
CellTraceTM Violet Cell Proliferation Kit was purchased from
Thermo Fisher Scientific (Waltham, MA, USA).

FACS analysis and cell separation

PBMCs from ATLL patients were separated into
CD4+CD7−CADM1+ ATLL cells and adjacent CD4+CD7+

CADM1− normal T cells using a fluorescence-activated cell
sorter (FACS Aria; Becton, Dickinson and Company: BD,
USA). These subsets were then subjected to total RNA
sequencing experiments, and examinations of the expression
patterns of CD39, CD73, and CD26 using flow cytometry
(FACS Canto, BD).

RNA sequencing and analysis

RNA sequencing analysis was performed as previously
described [23]. Briefly, a library was constructed by using
a SMARTer Ultra Low RNA kit (Clontech, Mountain
View, CA, USA) to prepare amplified cDNA. Sequencing
was performed on an Illumina HiSeq 2500 platform
(Illumina, San Diego, CA, USA) in the 75-base single-end
mode. Illumina Casava software (v1.8.2; Illumina) was
used for base calling. The sequenced reads were mapped
to human reference genome sequences (hg19) using
TopHat (v2.0.13; https://ccb.jhu.edu/software/tophat/
index.shtml) along with Bowtie2 (v2.2.3; http://bowtie-
bio.sourceforge.net/bowtie2/index.shtml) and SAMtools
(v0.1.19; http://samtools.sourceforge.net). We calculated
the fragments per kilobase of exon per million mapped
fragments using Cufflinks (v2.2.1; http://cole-trapnell-lab.
github.io/cufflinks/). RNA-Seq data were analyzed based
on the fold change between samples, calculated with a
two-tailed Student’s t test (P < 0.1) using the Subio Plat-
form and Subio Basic Plug-in (v1.20; Subio Inc., Aichi,
Japan). Raw data were deposited in the Gene Expression
Omnibus database (GSE127180).

Measurements of ATP consumption, AMP, and
adenosine synthesis

For measurement of ATP consumption, PBMCs isolated
from subjects were resuspended at 2 × 106 cells/mL, and
added to a white 96-well plate (2 × 105 cells/well). These
cells were treated with 1 mM ATP for 1 or 3 h at room

temperature. The remaining ATP concentration in the
supernatant was measured using the ATPlite Luminescence
System (PerkinElmer, Waltham, MA, USA). AMP and
adenosine concentrations were measured using high-
performance liquid chromatography (NANOSPACE; SHI-
SEIDO Co. Ltd, Tokyo, Japan).

Immunosuppression assays

Immunosuppression assays were performed as previously
described [13]. Briefly, CellTraceTM Violet (1 µM)-labeled
responder CD4+ or CD8+ T cells (1 × 104 cells) were
cocultured with unlabeled tumor cells (1 × 104), and were
assessed for their proliferation. Cells were incubated in 96-
well round-bottom plates, in RPMI medium supplemented
with 10% FBS and Penicillin–Streptomycin Mixed Solu-
tion; and were stimulated with anti-CD3 (OKT3) and CD28
antibodies (0.5 μg/mL plate). After 72 h of culture, the
proliferation of the CellTraceTM Violet-labeled cells was
assessed by flow cytometry.

Generation of stable cell lines using CRISPR/CAS9
knockout systems and the expression vector

A CD39-specific CRISPR/CAS9 knockout system was
purchased from Santa Cruz Biotechnology Inc. (Dallas, TX,
USA). In accordance with the manufacturer’s instructions,
Cas9 nuclease plasmid and three kinds of vectors for guide
RNA sequences within CD39 were transfected into MJ cells
using nucleofector. The disappearance of CD39 was con-
firmed by FACS analysis. For ectopic expression of CD39
into EG7-OVA, we used the pCMV3-C-GFPSpark® Vector
(Sino Biological Inc., Beijing, China).

Mice and in vivo tumorigenesis assay

For in vivo tumorigenesis assays, C57B/6 J mice were
purchased from Clea Japan Inc. (Tokyo, Japan). Each
EG7-OVA (CD39 expressing and control) cell sample
(2 × 106 cells) was suspended in PBS. Then the cell
samples were subcutaneously injected into the flank on
each side of six mice (8–10-week-old). Each male litter-
mate was randomized in two groups. Tumor formation
was monitored by palpation on postinjection days 6, 8, 10,
and 13, and tumor volumes were calculated as length ×
width2/2. The tumors became palpable when their
volumes reached 50 mm3 (4–5 mm in diameter). Injections
were then performed in a new batch of mice, and immu-
nostaining analysis was performed using the tumors from
postinjection day 7. The staining procedure was con-
ducted under the manufacturer’s protocol of Tyramide
Signal Amplification Kit (Thermo Fisher Scientific).
Briefly, each sample was incubated with a primary rabbit
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antimouse CD8 antibody, and the CD8 signal was
amplified and was detected with Alexa Fluor®594 inclu-
ded in the kit. Cell nuclei were stained with 4′,6-diami-
dino-2-phenylindole (DAPI) (Nacalai Tesque).

All experimental procedures were conducted following
protocols approved by the Institutional Animal Care and
Use Committee of Osaka University.

Statistical analysis

Data are presented as mean ± standard deviation (SD) from
three or more independent experiments, and were compared
using the paired two-tailed Student’s t test.

Study approval

Studies involving human samples were approved by the
Osaka University Hospital Institutional Review Board at

Osaka University Hospital, Ryukyu University Hospital,
and Kyushu Cancer Center, and met all requirements of the
Declaration of Helsinki.

Results

Expressed RNAs associated with immunosuppressive
function, compared between normal CD4+ cells and
leukemic cells within ATLL patients

CD4+ cells in ATLL patients can reportedly be divided into
four subgroups according to the expressions of CD7 and
CADM1 [24]. Cells from peripheral blood from one patient
with acute and two with chronic disease were sorted into
normal cells and leukemic cells (Fig. 1a, left panel), and we
used RNA-seq technologies to compare the whole tran-
scriptome of leukemic cells with that of normal CD4+ cells.

Fig. 1 Transcriptome evaluation of CD4+ normal and leukemic
cells in acute ATLL patients. a Left panel: CADM1 versus
CD7 subpopulation plots for a patient with smoldering type ATLL.
Section P of the plot contains CADM1−CD7+ cells (normal CD4+

cells); section D contains CADM1+CD7+ cells (indolent tumor cells);
and section N contains CADM1+CD7− cells (clonally expanded tumor
cells). We separated the cells in areas P and N from one patient with
acute and two with chronic ATLL, and compared the gene expres-
sions. Right panel: Comparison of expressions of genes associated
with inflammation and immunity. Color-coded heatmaps visualizing
the differences in categorized gene expressions revealed that

inflammation- and immunity-related genes were attenuated in ATLL
cells. Blue and orange tiles, respectively, represent the genes with
decreased and increased expression in progressing tumor cells, and the
color strength indicates the degree. b Volcano plot showing compre-
hensive change in RNA expressions. Changes in individual gene
expressions are compared between CD4+ normal cells and leukemic
cells. Red lines divide genes according to increase or decrease (with 2-
and 1/2-fold change) in expression level and P < 0.1 (Student’s t test).
c List of the top ten upregulated and four downregulated genes asso-
ciated with the immunosuppressive functions of Tregs ranked by P
values, excluding CADM1 and CD7.
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Leukemic cells showed attenuated expressions of immune-
and inflammatory-associated genes (Fig. 1a, right panel).
Figure. 1b shows a volcano plot indicating differentially
expressed mRNAs between normal and leukemic cells.
Among 23,284 mRNAs, 16,881 were detected in the three
pairs of samples. A total of 1526 genes showed differential
regulation by a fold change of >2.0 (P < 0.1), of which 547
were upregulated while 979 were downregulated in leu-
kemic cells compared with normal cells (Supplementary
Fig. S1). Figure 1c shows the top ten upregulated and four
downregulated genes associated with Treg function, as
ranked by P values, and excluding CADM1 and CD7.
Among these genes, we focused on CD39 and CD26

because these molecules were recently identified as being
involved in the regulation of extracellular adenosine, which
has a strong anti-inflammatory function and plays a major
role in Treg-mediated immunosuppression [25].

Expressions of CD39, CD73, and CD26 in ATLL cells

We investigated the expressions of CD39, CD73, and CD26
in leukemic cells (CD4+CD7−CADM1+ cells) and normal
cells (CD4+CD7+CADM1−) from 40 patients, including 10
asymptomatic carriers of HTLV-1, and 30 ATLL patients (2
with smoldering type, 12 with chronic type, 14 with acute
type, and 2 with lymphoma type) (Supplementary Table S1).
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These cases exhibited some variations in the expressions of
CD39 and CD73 (Supplementary Fig. S2). We measured the
mean fluorescence intensities of CD39, CD73, and CD26 in
leukemic and normal cells. CD39 and CD73 expressions
were significantly higher in leukemic cells than in normal
cells (Fig. 2a, b). CD26 expression was not detected in
leukemic cells (e.g., CD4+CD7−CADM1+ cells) from any

patients, except one asymptomatic carrier, which was in
accordance with effective Tregs in healthy donors. More-
over, all patients showed CD26 expression in normal cells
(CD4+CD7+CADM1− cells), in accordance with non-Treg
helper T cells in healthy donors (Fig. 2c; Supplementary Fig.
S3). We also compared the subsets of CD39+ and CD73+

leukemic cells between patients with aggressive and indolent
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ATLL subtypes. In patients with aggressive ATLL, most
leukemic cells were CD39+, while the ratios of CD39
expressing leukemic cells in chronic/smoldering patients or
in asymptomatic carriers are significantly lower than in
patients with aggressive type (Fig. 2d). On the other hand,
the ectopic expression of CD73 did not significantly differ
among these subtypes (Fig. 2e). We also observed the
patients with chronic disease prospectively after the sam-
pling time. Within the 2-year observation period, acute
transformations were experienced by 67% of CD39+

patients and 20% of CD39− patients (Fig. 2f). Although we
could not obtain significant difference between two groups
within the limited period and in the limited number of
patients, a trend that the patients with CD39+ disease have
worse prognosis could be observed. These results suggested
that CD39 expression was associated with disease severity.

Extracellular ATP metabolism by CD39+ leukemic
cells

Next, we examined the roles of CD39 and/or CD73 in
ATLL cells by observing the reduction rates of ATP loaded
in culture medium, and the synthesis of AMP/adenosine. As
previously reported, extracellular ATP is converted into
AMP by CD39, and AMP is subsequently catalyzed into
adenosine by CD73. ATLL leukemic cells from patients or
from HTLV-1-infected cell lines were incubated in culture
medium supplemented with 1 mM ATP, at 37 °C under 5%
CO2 (Fig. 3a). After 1 or 3 h of incubation, one removed
aliquot was subjected to ATP consumption measurement,
and another to AMP/adenosine synthesis measurement.
Extracellular ATP was rapidly reduced and AMP

accumulated in the presence of effector Tregs from healthy
donors, or HTLV-1 infected cell lines (MJ, MT1, MT2, and
MT4) or leukemic cells from patients expressing CD39
(Cases 32, 12, and 23). In contrast, in the presence of non-
Treg-Th cells, the T-cell line (Jurkat), or CD39− leukemic
cells from patients (Case 2), about 60% of the supplemented
quantity of ATP remained (Fig. 3b, c). Furthermore, ade-
nosine was rapidly synthesized in the presence of CD73-
expressing cells (Cases 12 and 23) (Fig. 3d), while adeno-
sine concentrations were below the detection rate (7.2 μM/
L) in the presence of CD73− cells (Fig. 3e).

Effects of CD39 inhibitors and CD39 knockout in an
HTLV-1-infected cell line on extracellular ATP
metabolism and its immunosuppressive activity

The two CD39 inhibitors ARL and POM1 both dose
dependently altered the ATP reduction by HTLV-1-infected
cell lines (Fig. 4a, b). We also generated a CD39 knockout
cell line from MJ cells, using the CRISPR/Cas9 plasmid
systems. CD39 expression was completely eliminated in all
GFP+ cells induced with CRISPR/Cas9/CD39, but not in
mock MJ cells (Fig. 4c). We isolated GFP+CD39 knockout
and GFP+ mock MJ cells, and subjected them to ATP
consumption measurement. As in the previous experiments,
each cell line was supplemented with 1 mM ATP and, after
1 or 3 h of incubation, the ATP concentrations in super-
natants were measured. In the presence of mock MJ cells,
extracellular ATP was rapidly reduced and almost exhaus-
ted in 3 h. In contrast, in the presence of CD39 knockout
cells, extracellular ATP was maintained even after 3 h
(Fig. 4d).

To assess the immunosuppressive activities of these cell
lines, CD39 knockout or mock cells were cocultured with
human CD4+ or CD8+ responder cells from healthy donors
that were fluorescently labeled with violet dye. After 3 days
of culture, we traced the proliferation of CD4+ or CD8+

normal T cells by dilution of the fluorescent dye. The
proliferation of CD4+ and CD8+ T cells was significantly
inhibited by coincubation with MJ and mock-induced MJ
cells, but not by CD39 knockout MJ cells (Fig. 4e, f). In
other words, CD39 knockout almost entirely negated the
immunosuppressive activity of the HTLV-1-infected
cell line.

Effects of induced CD39 expression in a CD4+ T-cell
line on the immune response against tumorigenesis
in vivo

To further assess the function of CD39 in the immuno-
suppressive activity of ATLL cells, we also stably induced
murine CD39 into the EG7-OVA T-cell lymphoma cell line,
which originally did not express CD39. In mice, EG7-OVA

Fig. 3 Extracellular ATP metabolism through CD39 and CD73
expressed on HTLV-1 infected cell lines and patients’ leukemic
cells. a The experimental scheme. Cell lines and patients’ leukemic
cells were cultured for 1 or 3 h in 10% FCS RPMI supplemented with
1 mM ATP, and then supernatants were subjected to ATP or AMP/
adenosine measurement. b Contour plots in the upper panel show
CD39 and CD73 expression on T-cell lines. Flow cytometry was used
to examine the expressions of CD39 and CD73 on the Jurkat cell line,
human T-cell lymphoma (other than ATLL) cell line, and the MJ, M1,
M2, and M4 HTLV-1 infected cell lines. Bar graph in the lower panel
shows the remaining extracellular ATP concentration after culture for
the indicated hours. Bar heights indicate the mean ± SD of the % ratio
of remaining ATP to the supplemented amount from triplicate
experiments. *P < 0.05; **P < 0.01; ***P < 0.001, Student’s t test,
compared with the value of Jurkat. c The same experiments as in b
using primary CD4+ T cells. Lower panel shows relative remaining
ATP concentrations after 1 h of incubation. Data significance was
evaluated compared with the value of the normal CD4+ T cells.
d AMP concentrations after 1 h (black) or 3 h (white) of incubation are
shown. e Adenosine concentrations after the culture of CD39-
expressing and/or CD73-expressing ATLL leukemic cells. Leukemic
cells from Case 32 express CD39 but not CD73, and those from Cases
12 and 23 express both CD39 and CD73.
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cells induce major histocompatibility complex class I
restricted responses to cytotoxic T lymphocytes, which can
be effectively stimulated by Poly(I:C) through Toll-like
receptor. CD39 expression in GFP+ cells was confirmed by
flow cytometry (Supplementary Fig. S4). ATP consumption

experiments revealed that CD39-induced cells almost
entirely exhausted the supplemented ATP within 1 h, while
mock-induced cells left over 60% of the supplemented ATP
even after 3 h, as was previously observed in Jurkat cells
(Fig. 5a).
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We subcutaneously transplanted the CD39+/− EG7-OVA
cells into murine flanks: CD39− EG7-OVA cells into the left
flank, and CD39+ cells into the right flank. On post-
transplantation days 2 and 5, we intraperitoneally adminis-
tered either Poly(I:C) or PBS. From posttransplantation days
5 to 12, the tumor sizes were observed (Fig. 5b upper left
panel). Figure. 5b upper right panel shows photographic
images of the tumors; the tumor of mock cells in the left
flank of a mouse administered with Poly(I:C) (image on the
right) appeared smaller than that in the mouse administered
with PBS (image on the left), while the tumors of CD39+

EG-OVA cells in the right flanks were the same size in both
mice. Tumor immunity induced by Poly(I:C) effectively
reduced the sizes of mock transplanted tumors, while the
sizes of CD39+ tumors were completely unaffected by Poly
(I:C) administration (Fig. 5b lower panels). These results
indicated that CD39 expression completely negated the
tumor immunity induced by Poly(I:C).

To elucidate the state of tumor immunity during this
process, we further performed immunostaining assays using
a specimen of each tumor from the mice. CD8+ cytotoxic
T cells were observed to invade around the CD39− tumors
upon Poly(I:C) administration, which was not observed in
the CD39+ tumors (Fig. 5c).

Overall, our findings demonstrated that ATLL cells
expressed CD39 at a high rate, and ectopically expressed
CD73 in some cases. Our results further suggested that this
enabled ATLL cells to escape the antitumor immunity of
environmental cells via inhibition of the host immune

response through the extracellular ATPDase-Adenosine cas-
cade, including CD39 and their own or surrounding CD73.

Discussion

In many kinds of neoplasms, especially solid tumors, large
numbers of FoxP3+ Tregs infiltrate into tumors [26, 27]. It is
likely that Tregs, which are naturally engaged in self-toler-
ance, concurrently hinder anticancer immune surveillance in
healthy individuals and inhibit the development of effective
antitumor immunity in tumor-bearing patients [28]. Increased
numbers of Tregs, and decreased ratios of CD8+ T cells to
FoxP3+ Tregs, infiltrating into a tumor are reported to be
strongly correlated with poor prognosis in various cancers
[26, 28, 29]. Thus, research has been focused on the deriva-
tion of antitumor immunity and control of Tregs for effective
cancer treatment. In our present study, we found that in
addition to effector Tregs, CD39+ ATLL cells themselves
have immunosuppressive function, which appears to allow
leukemic cells to overcome and escape from host antitumor
immunity, thus promoting the disease.

ATLL patients are known to be susceptible to various
opportunistic infections, including pneumocystis pneumonia,
fungal infections, and herpes virus disease, due to defective
cellular immunity [9, 30, 31]. The causative mechanism of this
immunosuppressive state in ATLL patients is complicated.
Although the immune suppression is largely due to the
patients’ decrease of normal T cells, ATLL patients exhibit a
much more severe immunocompromised state than patients
with other T-cell leukemias. Notably, the majority of ATLL
leukemic cells have a phenotype the same as or similar to that
of normal Tregs. This has prompted discussion of whether
ATLL leukemic cells themselves have immunosuppressive
function, which has remained controversial. In ATLL, leuke-
mogenesis is initiated by HTLV-1 infection, but those infected
cells are transformed into ATLL leukemic cells through at
least five steps of genomic and/or epigenetic changes [32, 33].
Thus, ATLL leukemic cells exhibit a relatively wide variety of
characteristics between different patients. It is now widely
believed that leukemic cells have immunosuppressive potential
in at least some cases of ATLL, but not necessarily all cases.

We clarified that the majority of aggressive ATLL cells
express CD39, which promotes adenosine accumulation and
provides immunosuppressive function to ATLL cells. These
data, together with other in vitro results, indicate that the
CD39-mediated immune control in CD39+ ATLL cells will
greatly contribute to the progression of ATLL disease. In our
present study, we intended to examine the immunosuppressive
function and the effects on the growth of tumor of CD39
expressed on ATLL leukemic cells. In order to exclude the
effects of other factors, we ectopically expressed or knocked
out CD39 in ATLL or other cell lines, and exaggerated the

Fig. 4 Effects of CD39 blocking or knockout on ATP metabolism
and on the immunosuppressive effects of HTLV-1-infected cell
lines. a, b Each cell line was cultured with 1 mM ATP, with or without
the CD39 inhibitors ARL (left panel) or POM1 (right panel), for 1 h at
the indicated concentrations. All cell lines were CD39 positive. Results
are expressed as the mean ± SD of at least three independent experi-
ments. c The CD39-positive cell line MJ was introduced with empty
vector (mock) or CRISPR/CAS9 knockout plasmid including a GFP
expression site. Flow cytometry confirmed CD39 knockout in the
GFP-positive fraction of CD39KO transfected cells, and CD39
expression in mock transfected cells. The GFP-positive cells were
selected using a FACS cell sorter and were used in the following
experiments. d As in Fig. 3, ATP consumption was measured in mock
or CD39KO transfected MJ cells. Bar heights indicate the mean ± SD
of the % ratio of remaining ATP relative to supplemented amount,
from triplicate experiments. e Suppressive activity of mock/CD39KO
MJ cells. CellTraceTM Violet-labeled CD25−CD4+ (left panels) or
CD8+ T cells (1 × 104) were stimulated with soluble anti-CD3 and
anti-CD28 mAbs in the presence of irradiated PBMCs excluding CD3
positive cells. Mock or CD39KO MJ cells (1 × 104) were added to the
cultures. After 3 days of culture, the violet intensity was measured by
FACS as an indicator of cell division. f Bar charts show the frequency
(%) of responder T cells, which have undergone cell division, with or
without MJ cells or with each transfected MJ cell line. The results are
expressed as the mean ± SD of triplicate experiments. For a, b, and
f, data were compared using Student’s t test; ns not statistically sig-
nificant; *P < 0.05; **P < 0.01; and ***P < 0.001.
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effects of loss and gain of CD39. Although biological
immunosuppressive activities of primary ATLL cells derived
from patients were not directly examined, we confirmed that

CD39 expressed on ATLL cells from patients have full
function as an extracellular ATPDase exactly in the same way
as in these CD39-expressing cell lines. The final player of
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Fig. 5 Effects of forced CD39 expression in a CD39− T-cell line on
ATP metabolism and antitumor immunity in vivo. The CD39−

murine T lymphoblast cell line EG7-OVA was infected with a retro-
virus vector expressing murine CD39 or mock, including a GFP-
expressing site. a As in Fig. 3, after culture for the indicated number of
hours, ATP consumption was measured in mock or CD39 transfected
EG7-OVA cells. Bar heights indicate the mean ± SD of the % ratio of
remaining ATP relative to the supplemented amount, from triplicate
experiments. **P < 0.01, Student’s t test, compared with the value of
mock transfected EG7-OVA. b Upper left panel: The experimental
scheme of the tumorigenesis assay. We subcutaneously transplanted
mock infected EG7-OVA cells (2 × 106) into the left flanks of C57B/6
J mice, and the same amount of CD39-transfected EG7-OVA cells into
the right flanks. On posttransplantation days 3 and 6 the mice were
intraperitoneally injected with Poly(I:C) or PBS. Tumor sizes were
observed from posttransplantation day 6.Upper right panel: Photo-
graphic image of typical tumors on Day 13. Tumors in the left flanks

are from transplanted CD39− EG7-OVA cells and those in the right
flanks from transplanted CD39+ cells. PBS was administered to the
left mouse and Poly(I:C) was administered to the right. Lower panels:
Line chart indicates volumes of mock infected tumors (left panel; left
flanks) and CD39+ tumors (right panel; right flanks). Dotted and
continuous lines, respectively, indicate the tumor volumes in PBS-
injected mice and Poly(I:C)-injected. The results are expressed as the
mean ± SD from six mice. *P < 0.05 and **P < 0.01, Student’s t test
comparing the values in PBS-injected and Poly(I:C)-injected mice.
c Left panels: Immunostaining of each tumor sample. CD8 positive
cells were stained with Alexa Fluor®594 and cell nuclei with DAPI.
Yellow arrows indicate CD8+ cells. Green lines show the tumor
borders. Right panels: CD8+ cells observed in each tumor sample. Plot
shows the proportion of CD8+ cells to DAPI-stained cells in the
boundary areas of tumors in each group of mice. Cell numbers were
counted in each field of view. Horizontal bars indicate median values.
P < 0.001.
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immunosuppression is adenosine, which is produced under the
CD39’s ATPDase cascade. Therefore, it can be educed that
CD39-expressing ATLL primary cells themselves have
immunosuppressive function just as CD39-expressing
cell lines.

Among the cases with CD39+ ATLL cells, CD73+

cells were relatively rare, and in vitro experiments
revealed that CD39+ cells lacking CD73 expression did
not produce adenosine. However, in vivo, ATLL cells will
be surrounded by abundant CD73-expressing cells,
including B cells, T cells, and dendritic cells [34]. In
addition, CD73+ exosomes will rapidly dephosphorylate
the AMP catalyzed by CD39 into adenosine [35]. More-
over, CD26 expression was apparently downregulated in
leukemic cells compared with in normal CD4 cells. Since
CD26 acts as an adenosine decomposer in cooperation
with ADA, the reduction of CD26 would result in ade-
nosine accumulation. Thus, the adenosine accumulation
around leukemic cells that is induced by the high CD39
expression is further enhanced by the lack of CD26,
which actively suppresses the cell immunity surrounding
ATLL cells, producing a favorable environment for their
survival. Recently, some papers reported that in chronic
lymphocytic leukemia (CLL) patients, CD39-expressing
nonmalignant T lymphocytes are increased compared with
in normal control, and the higher expression levels of
CD39 are associated with the worse prognosis of the
disease [16, 36]. This information would support our
results that CD39 expression on ATLL cells themselves
correlates with the progression of disease through the
suppression of tumor immune in the host. On the other
hand, the expression of CD73 on nonmalignant T cells
was reduced and its expression correlates with the better
prognosis in CLL. Authors explain that the expression of
CD73 would raise the responsibility to chemotherapy,
such as Fludarabine. In our study, CD73 was detected on
ATLL cells only in a few patients, and could not detect
the correlation with the prognosis. However, in our data,
CD73 was essential for the adenosine synthesis under
CD39, and we expect that CD73 also play an important
role in the immunosuppressive function of ATLL cells.

To determine whether the expression of CD39 could be
some clue to predict the prognosis of the patients, some
extensive and long-term study must be performed. On the
other hand, mechanisms for the inhibition of antitumor
immunity by CD39/CD73 have been reported in various
neoplasms [37, 38], and several clinical trials targeting
CD39/CD73 have already been conducted. ATLL is poorly
responsive to chemotherapies and has an extremely dismal
prognosis. The anti-CCR4 antibody mogamulizumab was
recently developed [39, 40] and several therapeutic strate-
gies are currently being tested, including immunostimu-
lants, such as interferon and anti-PD-1/PDL-1 antibodies.

Targeting CD39, as the main factor in antitumor immunity
inhibition in ATLL cells, will be a promising clinical
strategy for ATLL treatment.

Acknowledgements We received technical advice from Takasaki H
(Shiseido Company, Limited) regarding the performance of high-
performance liquid chromatography (HPLC) for adenosine measure-
ments. This study was supported by (Ito Y and) Center for Medical
Research and Education, Graduate School of Medicine, Osaka University.

Author contributions YN, SE, JF, TI, MI, AT, TY, and KO performed
in vitro and animal experiments; MK and EM performed pathological
studies; TF, YS, and SE contributed in patients enrollment; SE and YK
designated study plan.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Uchiyama T, Yodoi J, Sagawa K, Takatsuki K, Uchino H. Adult
T-cell leukemia: clinical and hematologic features of 16 cases.
Blood. 1977;50:481–92.

2. Takatsuki K. Discovery of adult T-cell leukemia. Retrovirology.
2005;2:16.

3. Kawano N, Yoshida S, Kuriyama T, Tahara Y, Yamashita K,
Nagahiro Y, et al. Clinical features and treatment outcomes of 81
patients with aggressive type adult T-cell leukemia-lymphoma at a
single institution over a 7-year period (2006–12). Intern Med.
2015;54:1489–98.

4. Shimoyama M. Diagnostic criteria and classification of clinical
subtypes of adult T‐cell leukaemia‐lymphoma: a report from the
Lymphoma Study Group (1984–87). Br J Haematol.
1991;79:428–37.

5. Nasr R, Marçais A, Hermine O, Bazarbachi A. Overview of tar-
geted therapies for adult T-cell leukemia/lymphoma. Methods Mol
Biol. 2017;1582:197–216.

6. Ogata M, Satou T, Kawano R, Yoshikawa T, Ikewaki J, Kohno K,
et al. High incidence of cytomegalovirus, human herpesvirus-6,
and Epstein-Barr virus reactivation in patients receiving cytotoxic
chemotherapy for Adult T cell leukemia. J Med Virol.
2011;83:702–9.

7. Satou Y, Utsunomiya A, Tanabe J, Nakagawa M, Nosaka K,
Matsuoka M. HTLV-1 modulates the frequency and phenotype of

Ectonucleotidase CD39 is highly expressed on ATLL cells and is responsible for their immunosuppressive. . . 117

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


FoxP3+CD4+ T cells in virus-infected individuals. Retro-
virology. 2012;9:46.

8. Karube K, Ohshima K, Tsuchiya T, Yamaguchi T, Kawano R,
Suzumiya J, et al. Expression of FoxP3, a key molecule in CD4+
CD25+ regulatory T cells, in adult T-cell leukaemia/lymphoma
cells. Br J Haematol. 2004;126:81–84.

9. Chen S, Ishii N, Ine S, Ikeda S, Fujimura T, Ndhlovu LC, et al.
Regulatory T cell-like activity of Foxp3+ adult T cell leukemia
cells. Int Immunol. 2005;18:269–77.

10. Yano H, Ishida T, Inagaki A, Ishii T, Kusumoto S, Komatsu H,
et al. Regulatory T-cell function of adult T-cell leukemia/lym-
phoma cells. Int J Cancer. 2007;120:2052–7.

11. Shimauchi T, Kabashima K, Tokura Y. Adult T-cell leukemia/
lymphoma cells from blood and skin tumors express cytotoxic T
lymphocyte-associated antigen-4 and Foxp3 but lack suppressor
activity toward autologous CD8+ T cells. Cancer Sci.
2008;99:98–106.

12. Toulza F, Nosaka K, Takiguchi M, Pagliuca T, Mitsuya H,
Tanaka Y, et al. FoxP3+ regulatory T cells are distinct from
leukemia cells in HTLV-1-associated adult T-cell leukemia. Int J
Cancer. 2009;125:2375–82.

13. Miyara M, Yoshioka Y, Kitoh A, Shima T, Wing K, Niwa A,
et al. Functional delineation and differentiation dynamics of
human CD4+ T cells expressing the FoxP3 transcription factor.
Immunity. 2009;30:899–911.

14. Karube K, Aoki R, Sugita Y, Yoshida S, Nomura Y, Shimizu K,
et al. The relationship of FOXP3 expression and clin-
icopathological characteristics in adult T-cell leukemia/lym-
phoma. Mod Pathol. 2008;21:617–25.

15. Ghezeldasht SA, Sadeghian H, Azarpazhooh MR, Shamsian SAA,
Rafatpanah H, Mahmoodi M, et al. Evaluation of T regulatory
lymphocytes transcription factors in HTLV-1-associated myelo-
pathy/tropical spastic paraparesis (HAM/TSP) patients. Appl
Biochem Biotechnol. 2017;182:1403–14.

16. Pulte D, Furman RR, Broekman MJ, Drosopoulos JHF, Ballard
HS, Olson KE, et al. CD39 expression on T lymphocytes corre-
lates with severity of disease in patients with chronic lymphocytic
leukemia. Clin Lymphoma Myeloma Leuk. 2011;11:367–72.

17. Cai XY, Wang XF, Li J, Dong JN, Liu JQ, Li NP, et al. High
expression of CD39 in gastric cancer reduces patient outcome
following radical resection. Oncol Lett. 2016;12:4080–6.

18. Sitkovsky M, Lukashev D, Deaglio S, Dwyer K, Robson SC, Ohta
A. Adenosine A2A receptor antagonists: Blockade of adenosinergic
effects and T regulatory cells. Br J Pharmacol. 2008;153:S457–464.

19. Mandapathil M, Hilldorfer B, Szczepanski MJ, Czystowska M,
Szajnik M, Ren J, et al. Generation and accumulation of immu-
nosuppressive adenosine by human CD4+CD25highFOXP3
+regulatory T Cells. J Biol Chem. 2010;285:7176–86.

20. Deaglio S, Dwyer KM, Gao W, Friedman D, Usheva A, Erat A,
et al. Adenosine generation catalyzed by CD39 and CD73
expressed on regulatory T cells mediates immune suppression. J
Exp Med. 2007;204:1257–65.

21. Kobie JJ, Shah PR, Yang L, Rebhahn JA, Fowell DJ, Mosmann
TRT. Regulatory and primed uncommitted CD4 T cells express
CD73, which suppresses effector CD4 T cells by converting 5’-
adenosine monophosphate to adenosine. J Immunol.
2006;177:6780–6.

22. Borsellino G, Kleinewietfeld M, Di Mitri D, Sternjak A, Dia-
mantini A, Giometto R, et al. Expression of ectonucleotidase
CD39 by Foxp3+Treg cells: hydrolysis of extracellular ATP and
immune suppression. Blood. 2007;110:1225–32.

23. Doi Y, Yokota T, Satoh Y, Okuzaki D, Tokunaga M, Ishibashi T,
et al. Variable SATB1 levels regulate hematopoietic stem cell het-
erogeneity with distinct lineage fate. Cell Rep. 2018;23:3223–35.

24. Kobayashi S, Nakano K, Watanabe E, Ishigaki T, Ohno N, Yuji
K, et al. CADM1 expression and stepwise downregulation of CD7
are closely associated with clonal expansion of HTLV-I-infected
cells in adult T-cell leukemia/lymphoma. Clin Cancer Res.
2014;20:2851–61.

25. Antonioli L, Blandizzi C, Pacher P, Haskó G. Immunity,
inflammation and cancer: a leading role for adenosine. Nat Rev
Cancer. 2013;13:842–57.

26. Curiel TJ, Coukos G, Zou L, Alvarez X, Cheng P, Mottram P,
et al. Specific recruitment of regulatory T cells in ovarian carci-
noma fosters immune privilege and predicts reduced survival. Nat
Med. 2004;10:942–9.

27. Yamaguchi T, Hirota K, Nagahama K, Ohkawa K, Takahashi T,
Nomura T, et al. Control of immune responses by antigen-specific
regulatory T cells expressing the folate receptor. Immunity.
2007;27:145–59.

28. Sugiyama D, Nishikawa H, Maeda Y, Nishioka M, Tanemura A,
Katayama I, et al. Anti-CCR4 mAb selectively depletes effector-
type FoxP3+CD4+ regulatory T cells, evoking antitumor
immune responses in humans. Proc Natl Acad Sci.
2013;110:17945–51790.

29. Nishikawa H, Sakaguchi S. Regulatory T cells in tumor immunity.
Int J Cancer. 2010;127:759–67.

30. Yasunaga JI, Sakai T, Nosaka K, Etoh KI, Tamiya S, Koga S,
et al. Impaired production of naive T lymphocytes in human T-cell
leukemia virus type I-infected individuals: its implications in the
immunodeficient state. Blood. 2001;97:3177–83.

31. Uchiyama T. Human T cell leukemia virus type 1 (HTLV-1) and
human diseases. Annu Rev Immunol. 1997;15:15–37.

32. Watanabe T. Adult T-cell leukemia: molecular basis for clonal
expansion and transformation of HTLV-1-infected T cells. Blood
2017;129:1071–81.

33. Tsukasaki K. Genetic instability of adult T-cell leukemia/lym-
phoma by comparative genomic hybridization analysis. J Clin
Immunol. 2002;22:57–63.

34. Airas L, Jalkanen S. CD73 mediates adhesion of B cells to fol-
licular dendritic cells. Blood. 1996;88:1755–64.

35. Schuler PJ, Saze Z, Hong CS, Muller L, Gillespie DG, Cheng D,
et al. Human CD4+CD39+ regulatory T cells produce
adenosine upon co-expression of surface CD73 or contact with
CD73+ exosomes or CD73+ cells. Clin Exp Immunol. 2014;
177:531–43.

36. Abousamra NK, Salah El-Din M, Hamza Elzahaf E, Esmael ME.
Ectonucleoside triphosphate diphosphohydrolase-1 (E-NTPDase1/
CD39) as a new prognostic marker in chronic lymphocytic leu-
kemia. Leuk Lymphoma. 2015;56:113–9.

37. Dwyer KM, Hanidziar D, Putheti P, Hill PA, Pommey S, McRae
JL, et al. Expression of CD39 by human peripheral blood CD4+
CD25+T cells denotes a regulatory memory phenotype. Am J
Transpl. 2010;10:2410–20.

38. Zhang Y, Li L, Wang L, Li J, Fan Z, Yang L, et al. Metformin-
induced reduction of CD39 and CD73 blocks myeloid-derived
suppressor cell activity in patients with ovarian cancer. Cancer
Res. 2018;78:1779–81.

39. Ogura M, Ishida T, Taniwaki M, Ando K, Tobinai K, Fujimoto K,
et al. Multicenter phase II study of mogamulizumab (KW-0761), a
defucosylated anti-CCR4 antibody, in patients with relapsed per-
ipheral and cutaneous T-cell lymphoma and cutaneous T-cell
lymphoma. J Clin Oncol. 2014;32:1157–63.

40. Yamamoto K, Utsunomiya A, Tobinai K, Tsukasaki K, Uike N,
Uozumi K, et al. Phase I study of KW-0761, a defucosylated
humanized anti-CCR4 antibody, in relapsed patients with adult T-
cell leukemia-lymphoma and peripheral T-cell lymphoma. J Clin
Oncol. 2010;28:1591–8.

118 Y. Nagate et al.


	Ectonucleotidase CD39 is highly expressed on ATLL cells and is responsible for their immunosuppressive function
	Abstract
	Introduction
	Materials, patients, and methods
	Blood samples from patients
	Antibodies, reagents, and cell lines
	FACS analysis and cell separation
	RNA sequencing and analysis
	Measurements of ATP consumption, AMP, and adenosine synthesis
	Immunosuppression assays
	Generation of stable cell lines using CRISPR/CAS9 knockout systems and the expression vector
	Mice and in�vivo tumorigenesis assay
	Statistical analysis
	Study approval

	Results
	Expressed RNAs associated with immunosuppressive function, compared between normal CD4+ cells and leukemic cells within ATLL patients
	Expressions of CD39, CD73, and CD26 in ATLL cells
	Extracellular ATP metabolism by CD39+ leukemic cells
	Effects of CD39 inhibitors and CD39 knockout in an HTLV-1-infected cell line on extracellular ATP metabolism and its immunosuppressive activity
	Effects of induced CD39 expression in a CD4+ T-cell line on the immune response against tumorigenesis in�vivo

	Discussion
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




