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Abstract

Background: The CD39/CD73/adenosine suppression pathway correlates with disease progression in patients with
chronic human immunodeficiency virus 1 (HIV-1) infection; however, the relationships between this pathway in B
cells and innate immune hyperactivation remain largely undefined.

Methods: In this study, we examined CD39 and CD73 expression, and adenosine production by B cells from 136
patients with chronic HIV-1 infection.

Results: The CD39 and CD73 expression levels on total B cells (and their subsets) decreased continuously in typical
progressors (TPs), but were gradually recovered in complete responders. In TPs, the frequencies of CD39+, CD73+,
and CD39+CD73+ B cells inversely correlated with HIV-1 viral load and positively correlated with CD4 T cell counts,
but also positively associated with CD4/CD8 ratioes and inversely correlated with markers for intestinal epithelial
injury and microbial translocation. Furthermore, B cells from TPs showed a markedly reduced capacity to generate
CD39/CD73-dependent extracellular adenosine; the loss of this capacity was more serious in patients with acquired
immunodeficiency syndrome. In vitro, increased adenosine could inhibit the activation of monocytes and suppress
the ability of monocytes and T cells to produce TNF-alpha, regardless of their infection status. Moreover, adenosine
could inhibit activation-induced HIV-1 virion production and p24 expression.

Conclusions: These findings provided a new role of B cell pathology in HIV-1 infection, in which the skewed CD39/
CD73/adenosine pathway in B cells linked to microbial translocation-induced innate immune hyperactivation,
supporting the notion that regulating the adenosine pathway in B cells might be an attractive approach to treat
patients with HIV-1-infection.
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Background
Under physiological or pathological conditions, ATP
released from damaged tissues serves as an important
signal, eliciting a variety of inflammatory responses. Follow-
ing its release, ATP is hydrolyzed in a stepwise manner to
ADP, AMP, and adenosine (ADO), a process that is
controlled by four families of ectonucleotidases, in which
the ATP-CD39-CD73-adenosine pathway contributes the

major source of extracellular ADO [1]. ADO exerts its
function via four receptors: A1R, A2AR, A2BR, and A3R,
to inhibit leukocyte extravasation and decrease immune
reactions [2]. ADO also promotes endothelial cell barrier
function by phosphorylating tight junction-associated pro-
teins, such as the vasodilator-stimulated phosphoprotein
[3, 4]. Thus, the CD39/CD73/adenosine pathway can
serve as an “immunological switch” that shifts ATP-driven
pro-inflammatory immune cell activity toward an
anti-inflammatory state, mediated by ADO [5].
Chronic HIV-1 infection is characterized by gradual

CD4+ T-cell depletion, associated with abnormal immune
manifestations, including immunosenescence, immune
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hyperactivation, and systemic inflammation [6, 7]. Recently,
the CD39/CD73/adenosine pathway in T cells has been
extensively studied in HIV-1 infection. Briefly, a genetic
study showed that patients with HIV-1 infection with a
CD39 gene polymorphism that is associated with reduced
levels of CD39 expression had a slower progression to
AIDS [8]. Numbers of CD39+ regulatory T cells increase
during chronic HIV-1 infection and strongly correlate with
high levels of immune activation and low CD4+ T cell
counts [8, 9]. Previous studies suggested that patients with
HIV-1/AIDS have a reduced CD73 activity in their lympho-
cytes [10, 11]. Downregulation of CD73 expression on
CD4+ and CD8+ T cells correlated strongly with high levels
of T cell activation and C reactive protein levels in patients
with HIV-1 infection [12–14] . Furthermore, the CD39/
CD73/adenosine pathway has been linked to regulatory T
cell-mediated immune suppression, as well as inhibition of
HIV-1 replication [15]. In animal models, significant deg-
radation of ADO occurred in pigtailed macaques but not in
African green monkeys in response to SIV infection
[16].These studies collectively point to an important role of
this pathway in driving disease progression by attenuating
HIV-1-associated T-cell responses.
Human B cells have long been recognized to release

ADO [17]; however, only limited information about the
CD39/CD73/adenosine pathway in B cells has been
reported. In healthy individuals, recent studies indicated
that activated B cells acquired regulatory activity to sup-
press the T-cell response by downregulating CD73 expres-
sion and upregulating CD39 expression [18]. Moreover,
blockade of CD73 activity led to impaired IgG class
switching for B cells [19]. In patients with HIV-1 infection,
significant downregulation of CD73 on B cells was re-
ported to correlate with CD4 counts and B-cell activation
[20]. These studies focused largely on CD39/CD73/adeno-
sine pathway-mediated dysfunction of virus-specific CD8+

T cells or B cells; however, little is known regarding the
role of the CD39/CD73/adenosine pathway in regulating
innate immune hyperactivation.
Considering that B cells, rather than other types of cells,

express higher levels of CD39 and CD73, we assessed the
characteristics of the CD39/CD73/adenosine pathway in B

cells from a cohort of patients with HIV-1 infection and
found that CD39 and CD73 expression on B cells, and
their production of ADO, decreased during disease pro-
gression. We further analyzed the relationships between
the CD39/CD73/adenosine pathway in B cells and innate
immune hyperactivation.

Materials and methods
Subjects
Blood samples were collected from 136 HIV-1-infected
individuals, including a cohort of 100 typical progressors
(TPs), who exhibited typical progressive disease without
receiving antiviral treatment; and 36 complete
responders (CRs), who underwent antiretroviral therapy
(ART) for more than two years and had peripheral CD4+

T cells above 200 cells/μl and plasma HIV-1 RNA < 80
copies/ml. The diagnosis criteria were defined according
to previous reports and the exclusion criteria included
co-infection with hepatitis B virus or hepatitis C virus,
tuberculosis, pregnancy, and moribund status [21, 22].
The TPs were further divided into patients with AIDS and
CD4+ T cells below 200 cells/μl, and patients without AIDS
with CD4+ T cells of more than 200 cells/μl. Thirty-six
age-matched healthy individuals were enrolled as healthy
controls (HCs), who tested serologically negative for HIV,
hepatitis B virus, and hepatitis C virus. The detailed infor-
mation for these subjects is listed in Table 1.

Isolation of PBMCs and cell separation
Peripheral blood mononuclear cells (PBMCs) were
isolated from freshly heparinized blood and were main-
tained in RPMI 1640 supplemented with 10%
heat-inactivated FCS, 2mML-glutamine, 20mM HEPES,
100 U/ml of penicillin, 100 μg/ml of streptomycin,and 5 ×
10− 5M 2-mercaptoethanol. CD4+ T cells, CD8+ T cells,
CD14+ monocytes, and CD19+ B cells from PBMCs were
obtained by positive selection using anti-CD4, anti-CD8,
anti-CD14, and anti-CD19 antibody-coated magnetic
beads (Miltenyi), respectively. All assays were performed
according to the manufacturers’ instructions. The pur-
ity of the separated cells exceeded 95%, as shown by
flow cytometry.

Table 1 Baseline data of the enrolled individuals

Characteristic HCs TPs
Non-AIDS (CD4≥ 200) AIDS (CD4 < 200)

CRs

Cases (n) 36 74 26 36

Age, Median (Range), y 31 (24–52) 29 (17–53) 39 (23–63) 35 (17–55)

CD4, Median (Range) cells/μL ND 385
(208–1144)

117
(10–185)

493
(358–816)

HIV Ag/Ab Negative Positive Positive Positive

HIV-1, Median (Range), copies/ mL ND 10,108.50
(568.09–235,400.16)

66,248.40
(1865.27–3,673,035.29)

< 80

Abbreviations: HC healthy control, TP typical progressor, CR complete responder

Chang et al. Translational Medicine Communications             (2019) 4:4 Page 2 of 11



Antibodies and reagents
All fluorochrome-conjugated anti-human mAbs and
their relevant isotype controls were purchased from BD
Biosciences, except mouse anti–HIV-p24Gag-FITC (clone
KC-57, Beckman Coulter). Rabbit anti-human A2AR mAb
(catalog no. PA5–23969) was purchased from Thermo
Fisher Scientific. Alexa Fluor 488 goat anti-rabbit IgG
(catalog no. A11034) was purchased from life Technolo-
gies. ATP (catalog no. 12067–99-1), LPS (catalog no.
L2630), and 2-Chloroadenosine (CADO) (catalog no.
A9251) were purchased from Sigma-Aldrich. Purified
anti-human CD3 and anti-human CD28 Abs used for T
cell activation were purchased from Biolegend.

Real-time RT-PCR assay
Relative quantifications of the expression levels of target
mRNAs encoding CD39, CD73, A1R, A2AR, A3R, and
β-actin (control) were performed on a CFX96 Real-Time
System (Bio Rad Laboratories). These gene-specific PCR
primers and experimental assays were as previously de-
scribed [18].

Mass spectrometry
Purified CD19+B cells were incubated in 200 μl of PBS
in 96-well plates in the presence of 20 μM ATP for 5, 30,
45, and 60min. Cells and supernatants were collected,
centrifuged, and boiled for 2 min to inactive
ADO-degrading enzymes, and then stored at − 80 °C for
subsequent analysis.
Purine levels in the supernatants were analyzed using an

LTQ XL Linear Ion Trap Mass Spectrometer (Thermo
Scientific), equipped with a heated electrospray ionization
source, and selected reaction monitoring with 13C10-ad-
enosine (Sigma-Aldrich) as the internal standard. The
mass spectrometer was operated in the positive-ion mode
and the following mass-to-charge transitions were moni-
tored: 348→ 136 for 5′-AMP, 268→ 136 for ADO, and
291→ 159 for inosine [18, 23].

Monocyte activation assay
Freshly purified monocytes were activated using LPS
(500 ng/ml) or an equal volume of medium for 16 h in
the presence of CADO (0–2.5 μM). CADO was used in
place of ADO, because of its greater stability. After
stimulation, the supernatant from the culture was used
for soluble CD14 (sCD14) detection, and adherent
monocytes were collected for surface activation marker
detection.
For intracellular TNF-α staining, fresh PBMCs were

incubated with LPS (500 ng/ml) and brefeldin A for 6 h
in the presence of CADO (0–5 μM) in RPMI medium.
Unstimulated PBMCs served as negative controls.

Cytokines and virus production assay
Fresh PBMCs from typical progressors were incubated
with anti-CD3 and anti-CD28 antibodies (1 μg/ml),
with or without brefeldin A, in the presence of
CADO (0–5 μM) in RPMI medium for 6 or 24 h at
37 °C. TNF-α (clone Mab11) levels in CD4+ and
CD8+ T cells were determined following 6 h of cul-
ture. Virus titers in culture supernatant and p24 ex-
pression on CD4+ T cells were determined following
24 h of culture.

Flow cytometry
To characterize the CD39 and CD73 expression on B
cells, PBMCs were stained with a cocktail of mAbs:
mouse anti–human CD45-PerCP (clone 2D1), mouse
anti-human CD19-PE-Cyanine 7 (Cy7) (clone SJ25C1),
mouse anti-human CD39-FITC (clone TU66), mouse
anti-human CD73-Brilliant Violet 421 (clone AD2),
mouse anti-human CD10-PE (clone HI10a), mouse
anti-human CD27-Brilliant Violet 510 (clone L128), and
mouse anti-human CD21-allophycocyanin (clone B-ly4).
To detect monocyte-activation phenotypes, PBMCs were

stained with the following surface mAbs: mouse anti-human
CD45-PerCP, mouse anti-human CD14-PE-Cy7 (clone
M5E2), mouse anti-human CD80-allophycocyanin (clone
2D10, Biolegend), mouse anti-human CD86-Brilliant
Violet 421 (clone BU63), and mouse anti-human
HLA-DR-Brilliant Violet 500 (clone G46–6).
Cells were stained with above-mentioned mAbs at

room temperature for 30 min in the dark. After washing,
cells were fixed in 1% paraformaldehyde. Intracellular
staining of TNF-α or p24 was performed on previously
labeled cells using Fix/Perm solution (BD Bioscience) ac-
cording to manufacturer’s instructions. A minimum of
10,000 CD45+CD19+ or CD45+CD14+ cells or CD4+T
cells or CD8+T cells from lymphocyte-gated events were
collected for each sample on a FACSVerse and analyzed
with FlowJo Software (Treestar).

Plasma HIV-1 RNA monitoring
The HIV-1 reverse transcription PCR Assay V2 (Qiagen,
Hilden, Germany) and CFX96 Real-Time System (Bio
Rad Laboratories) were used to quantify the HIV-1 RNA
levels in plasma, as previously described(21). The cut-off
value was 80 copies/ml.

Elisa
Commercial ELISA kits were used to measure sCD14
(R&D Systems, Minneapolis, MN, USA) and intestinal
fatty acid-binding protein (I-FABP; R&D Systems) in
plasma and culture supernatant, according to the manu-
facturers’ protocols.
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Statistical analysis
All data were analyzed using SPSS version 22. For mul-
tiple comparisons, the Kruskal-Wallis H nonparametric
test was first used between multiple groups, the
Mann-Whitney U test was used for comparisons be-
tween two groups, and a paired t-test was used for com-
parisons within the same individual. Correlation analysis
was evaluated using the Spearman rank correlation test.
For all tests, differences were considered statistically sig-
nificant at P < 0.05 (two-sided).

Results
Frequencies of CD39+, CD73+, and CD39+CD73+B cells
correlated negatively with disease progression in patients
with HIV-1 infection
We detected the expression profile of CD39 and CD73
on various cell populations in peripheral blood. B cells
displayed more CD39 and CD73 double positive cells
than did other cell types (Fig. 1a). However, B cells from
patients with HIV-1 infection showed decreased CD39
and CD73 expression, not only on the cell membrane,
but also in terms of mRNA levels (Fig. 1a, b). Compared
with HCs, the percentages of CD39+, CD73+, and
CD39+CD73+ B cells were significantly decreased in
patients with chronic HIV-1 infection. Particularly in
patients with AIDS, more profound decreases in the per-
centages of CD39+, CD73+, and CD39+CD73+ B cells
were observed (Fig. 1c). Analysis showed that the
percentages of CD39+, CD73+, and CD39+CD73+ B cells
in TPs correlated positively with the CD4/CD8 ratios
and correlated inversely with the viral load (Fig. 1d, e). Im-
portantly, the percentages of CD39+, CD73+, and
CD39+CD73+ B cells increased gradually after effective
antiretroviral therapy (Fig. 1c), and one patient with AIDS
who had received ART for 88weeks showed recovered
levels of CD39+, CD73+, and CD39+CD73+ B cells (Fig. 1f).
These data revealed that the frequencies of CD39+, CD73+,
and CD39+CD73+ B cells were closely associated with dis-
ease progression in patients with chronic HIV-1 infection.

The expression profiles of CD39 and CD73 on B cell
subsets
A previous study showed that the levels of CD39 and
CD73 on B cell subsets were generally downregulated
[20], but did not address the expression profiles of CD39
and CD73 on B cell subsets. We further compared the
expression profiles among different groups. The gating
strategy is shown in Fig. 2a, and the observed frequen-
cies of B cell subsets were in line with those reported in
previous studies [24, 25]. The frequencies of immature,
activated memory (AM) and tissue like memory (TLM)
B cells were increased in TPs, especially in patients with
AIDS. In contrast, naïve and resting memory (RM) B cell
numbers were decreased in TPs; and further decreased

in patients with AIDS (Fig. 2b). CD39 and CD73 levels
decreased significantly on immature CD10+ B cells and
further decreased in these cells from patients with AIDS.
In the patients with AIDS, CD39 expression on naïve B
cells; CD73 expression on naïve and AM B cells; and
CD39 and CD73 expression on naïve and AM B cells
were more profoundly decreased (Fig. 2c). These data
further indicated that CD39 and CD73 expression on B
cell subsets is regulated differentially during chronic
HIV-1 infection.

Decreased production of ADO by B cells in patients with
HIV-1 infection
Extracellular ATP promotes immune cell activation and
elicits pro-inflammatory responses during chronic infec-
tion [1]. To address whether the decrease in CD39 and
CD73 expression on B cells is associated with reduced
ATP consumption, purified B cells from HCs and TPs
were incubated in the presence of 20 μM ATP for
various time periods. Levels of 5′AMP, ADO, and
inosine were measured using mass spectrometry. B cells
from patients with AIDS degraded less ATP to 5′AMP
(Fig. 3a) and produced less ADO compared with those
from HCs (Fig. 3b). By contrast, B cells from patients with
higher CD4 numbers produced similar levels of 5′AMP
(Fig. 3a), but produced less ADO, compared with those
from HCs (Fig. 3b). In contrast, there was no significant
difference in inosine production among non-AIDS, AIDS
and HC groups (Fig. 3c). These data suggested that B cells
from patients with AIDS had an impaired capacity to
hydrolyze ATP.

Frequencies of CD39+, CD73+, and CD39+CD73+B cells
correlated negatively with plasma I-FABP and sCD14
levels
Intestinal barrier dysfunction can be assessed by measuring
the levels of I-FABP, which is expressed in epithelial cells
and is released when intestinal mucosal damage occurs [26,
27]. We observed that I-FABP levels were obviously
increased in patients with HIV-1 infection compared with
those in HCs, and were further increased in patients with
AIDS (Fig. 4a). Analysis also showed that the percentages
of CD39+, CD73+, and CD39+CD73+ B cells in TPs corre-
lated negatively with I-FABP levels (Fig. 4b).
Microbial translocation is a cause of systemic immune

activation in chronic HIV infection [28]. Plasma levels of
the monocyte activation/microbial translocation marker,
sCD14, were observed to correlate with the degree of
microbial translocation in patients with chronic HIV
infection [29]. The sCD14 levels were markedly
increased in patients with HIV-1 infection compared
with those in the HCs. Particularly in patients with
AIDS, the sCD14 levels were further increased over
those in CRs (Fig. 4c). Subsequent analysis showed that
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the percentages of CD39+, CD73+, and CD39+CD73+ B
cells in TPs correlated negatively with the sCD14 levels.
Interestingly, more significant correlation coefficients
were observed in patients with AIDS (Fig. 4d).
Taken together, these data suggested that CD39 and

CD73 expression on B cells is associated with an impaired
intestinal barrier and subsequent microbial translocation.

The expression of adenosine receptors in monocytes and
inhibition of monocyte activation by adenosine
Monocyte activation contributes to systemic inflamma-
tion; therefore, we further investigate the profiles of
adenosine receptor subtypes present on monocytes in
patients with chronic HIV-1 infection. Monocytes from
TPs expressed higher levels of mRNA encoding A1R,

A2AR, and A3R than did monocytes from HCs (Fig. 5a).
We further confirmed that monocytes from patients with
AIDS expressed higher levels of A2AR (Fig. 5b), as
indicated by the mean fluorescence intensity (MFI) scores.
Next, we detected the responsiveness of monocytes to

adenosine in vitro. ADO could significantly downregulate
CD80, CD86, and HLA-DR expression on monocytes
from TPs and HCs, as well as decreased sCD14 produc-
tion in response to LPS (Fig. 5c). These data suggested
ADO inhibits the activation of monocytes in vitro.
TNF-α has been reported to induce mucosal epithelial

cell death resulting from tight-junction changes [30]. We
found that ADO could significantly downregulate TNF-α
production of monocytes in response to LPS from both
TPs and HCs, and that increasing ADO doses significantly

Fig. 1 CD39 and CD73 expression on B cells in patients with chronic HIV-1 infection. a Representative dot plots of CD39 and CD73-expressing
cells from healthy individual and patients with chronic HIV-1 infection. b CD39 and CD73 mRNA expression in B cells isolated from HCs (n = 6)
and TPs (n = 6). c Percentages of CD39+, CD73+, and CD39+CD73+ B cells in the peripheral blood of TPs (n = 100), CRs (n = 36), and HCs (n = 36).
Correlation analysis between the percentages of CD39+, CD73+, and CD39+CD73+ B cells and CD4/CD8 ratios (d), and HIV RNA (e) in TPs. f The
dynamic changes of CD39+, CD73+, and CD39+CD73+ B cells in response to c-ART drugs (3TC + TDF + LPV/r). Data are mean ± SEM. ***p < 0.001,
Mann-Whitney nonparametric t test
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inhibited TNF-α production (Fig. 5d), indicating that the
effect of ADO was dose-dependent.

The expression of adenosine receptors in T cells and the
inhibition of viral production and proinflammatory cytokine
release by adenosine
We also investigated the profiles of adenosine receptors
present on T cells in patients with chronic HIV-1 infec-
tion. CD4+ and CD8+ T cells from TPs expressed higher
levels of mRNA encoding A1R, A2AR, and A3R than
did the same cells from HCs (Fig. 6a, b). We found that
A2AR was constitutively expressed by CD4+ and CD8+

T cells (Fig. 6c) and that the MFI levels of A2AR on

CD4+ and CD8+ T cells increased gradually with disease
progression (Fig. 6d).
We further examined the effect of ADO on HIV virus

replication. ADO could significantly downregulate the pro-
duction of HIV virus in response to anti-CD3 and
anti-CD28 stimulation, and increasing ADO doses signifi-
cantly inhibited the HIV virus production (Fig. 6e), indicat-
ing that the effect of ADO was dose-dependent.
Interestingly, ADO also affected the levels of p24 per CD4
cell, because the p24 MFI was significantly decreased in re-
sponse to higher levels of ADO (Fig. 6f). ADO could sig-
nificantly downregulate the TNF-α production of T cells in
response to anti-CD3 and anti-CD28 stimulation, and

Fig. 2 CD39 and CD73 expression on B cell subsets in patients with chronic HIV-1 infection. a The gating strategy and phenotype of B cell
subsets from one HIV-1+ patient. CD19+ B cells were firstly divided into immature CD10+ B cells and mature CD10− B cells. Based on the
differentiation markers CD21 and CD27, the mature CD10− B cells were further divided into four subsets: CD21−CD27+ AM B cells, CD21+CD27+

RM B cells CD21+CD27− naïve B cells, and CD21−CD27− TLM B cells. b Pooled data showing the distribution of B cell subsets in each group. c
Pooled data show the percentages of CD39+, CD73+, and CD39+CD73+ B cells in each subset. *p < 0.05, **p < 0.01, ***p < 0.001

Fig. 3 Decreased production of ADO by B cells in patients with HIV-1 infection. Purified B cells were incubated in the presence of 20 μM ATP for
5, 30, 45, and 60 min and the concentration of 5′AMP (a), ADO (b), and inosine (c) in collected supernatants were detected using mass
spectrometry. *p < 0.05.
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increasing ADO doses significantly inhibited TNF-α pro-
duction in both CD4 and CD8 T cells; the dose-dependent
effect of ADO on TNF-α production of T cells was also
observed (Fig. 6g).

Discussion
Immune activation is a critical component of HIV disease
pathogenesis; however, the causes of HIV-associated im-
mune activation remain unclear, but are likely to be multi-
factorial. In the present study, we demonstrated that the
skewed CD39/CD73/adenosine pathway in B cells is not
only closely associated with disease progression, but also
with immune activation. We showed that the impaired
production of B cell-derived ADO might lose its inhibition
of immune activation, especially innate immune activa-
tion, and decrease its inhibition of HIV-1 replication.
Collectively, these findings provided evidence linking this
pathway with innate immune hyperactivation and
provided a new role for B cell pathology in HIV-1
infection.
The relationship between the expression profiles of

CD39 and CD73 on B cells and HIV/AIDS disease
progression has not been thoroughly analyzed. In the
present study, we observed that CD39 and CD73 expres-
sion levels on B cells were downregulated in patients
with HIV-1 infection. The levels of CD39 and CD73
decreased progressively in TPs; however, they were
maintained at relatively higher levels, but slightly below
the level of HCs, in CRs. This finding confirmed and
expanded upon the previous observation in patients with

viremic HIV in whom the decreased frequencies of
CD39+CD73+ B cells correlated with low CD4+ T-cell
counts [20]. The data from our cohort of patients
strongly suggested that the frequencies of CD39+ and
CD73+, as well as CD39+CD73+ B cells, were positively
associated with CD4+ T-cell counts and negatively corre-
lated with viral load. Importantly, the CD39 and CD73
expression on B cells in TPs was positively associated
with impaired immune balance (the CD4/CD8 ratio),
and negatively correlated markers for monocyte activa-
tion//microbial translocation (sCD14) and for intestinal
mucosal damage (I-FABP). The latter three markers are
also recognized as independent predictors of morbidity
and mortality for HIV/AIDS. For example, higher sCD14
levels could lead to increased CD38 expression on CD4+

or CD8+ T cells, which is a predictor of CD4+ T cell loss
and death [31]. Similarly, the elevated I-FABP levels
detected in these patients might reflect ongoing struc-
tural damage to the gastrointestinal tract, because only
dying enterocytes release I-FABP [26, 27]. These associa-
tions support the view that decreased CD39 and CD73
expression on B cells in patients with HIV-1 infection is
intimately linked with disease progression. Further
investigation should be done to evaluate the association
of CD39 and CD73 expression with clinical outcome in
patients undergoing long-term antiretroviral therapy.
Microbial translocation is a cause of systemic immune

activation in chronic HIV infection [28]. Our data
increased our knowledge about the role of the CD39/
CD73/adenosine pathway under conditions of microbial

Fig. 4 Relationships between the frequencies of CD39+, CD73+, and CD39+CD73+ B cells and plasma I-FABP and sCD14 levels. a Plasma levels of
I-FABP in TPs (n = 65), CRs (n = 13), and HCs (n = 14). b Correlation analysis between the percentages of CD39+, CD73+, and CD39+CD73+ B cells
and I-FABP plasma levels. c Plasma levels of sCD14 in TPs (n = 68), CRs (n = 15), and HCs (n = 17). d Correlation analysis between the percentages
of CD39+, CD73+, and CD39+CD73+ B cells and sCD14 plasma levels. *p < 0.05, **p < 0.01, ***p < 0.001
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translocation. Although the cause of CD39 and CD73
downregulation on these B cells is not yet clear, previous
studies have demonstrated that several microbial trans-
location associated factors, including inflammatory
cytokines, oxidative stress, and hypoxia, can dysregulate
CD39 and CD73 expression [32]. In our study, it was
rational to propose that the decreased CD39 and CD73
expression on B cells might reflect a deficiency in ADO
production. This hypothesis was supported by our find-
ings that B cells from patients with HIV-1-infection
displayed a reduced ability to convert ATP to ADO. In
detail, the procedure was controlled in two successive

steps. First, lower CD39 expression in patients with
AIDS led to lower ATP consumption and lower AMP
production. This result demonstrated that the decreased
CD39 expression is responsible, at least in part, for the
lower AMP (substrate for CD73) production. Second,
the reduced AMP and decreased CD73 ultimately
resulted in lower levels of ADO production in patients
with AIDS. In addition, B cell subsets displayed different
patterns of CD39 and CD73 expression, which reflected
their distinct roles in producing ADO. Thus, the
combined effects of CD39 and CD73 modulate ADO
production and might tip the balance toward lower

Fig. 5 The expression of adenosine receptors in monocytes and inhibition of the activation of monocytes by adenosine. a RT-PCR results are
shown for relative expression of A1R, A2AR, and A2BR in monocytes isolated from HCs (n = 5) and TPs (n = 7). b MFI values of A2AR expressed on
monocytes were higher in patients with AIDS. c Pooled data showing the expression levels of CD80, CD86, and HLA-DR on monocytes, and
sCD14 released from monocytes in response to CADO under stimulation with LPS. d Pooled data showing the TNF-α expressing monocytes in
response to various concentrations of CADO under stimulation with LPS. *p < 0.05, **p < 0.01, ***p < 0.001
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ADO concentrations. Conversely, the impaired production
of B cell-derived ADO might exacerbate innate immune
activation. There are some observations to support this
notion. First, TNF-α could induce mucosal epithelial cell
death resulting from tight-junction changes; ADO in vitro
could suppress TNF-α production in both T cells and
monocytes in a dose-dependent pattern. In addition, ADO
could suppress monocyte activation. Third, sCD14 secreted
from monocytes in response to LPS could increase mono-
cyte responses to LPS by 50–1000 folds [33]. We found that
in vitro, ADO also suppressed sCD14 production in mono-
cytes, which then attenuated the proinflammatory
responses. These results indicated that the skewed CD39/
CD73/adenosine pathway potentially boosts microbial
translocation-induced innate immune hyperactivation.

In non-progressive SIV infection, higher concentrations
of ADO control immune activation/inflammation,
whereas the effect subsides because of degradation of
ADO in progressive SIV infection. Administration of
ADO ex vivo strongly suppressed proinflammatory
cytokine production by T cells in both species [8]. These
data suggested that an increased concentration of ADO
could be beneficial by controlling immune activation/in-
flammation, which would delay disease progress. We
found ADO significantly inhibited proinflammatory
cytokine production by T cells, and more importantly, in-
hibits HIV replication. This finding is in accordance with
previous studies in which HIV replication control could be
achieved through a cAMP-dependent mechanism [9]. This
beneficial effect is further supported by above-mentioned

Fig. 6 The expression of adenosine receptors in T cells and inhibition of proinflammatory cytokine release and viral production by adenosine. RT-
PCR results are shown for relative expression of A1R, A2AR, and A2BR in CD4+ (a) and CD8+ (b) T cells isolated from HCs (n = 5) and TPs (n = 7).
c Immunofluorescence diagrams show that A2AR is constitutively expressed on CD4+ and CD8+ T cells. d MFI values of A2AR expressed on CD4+

and CD8+ T cells were higher in patients with AIDS. e PBMCs from TPs were stimulated with anti-CD3 and anti-CD28 antibodies. Virus titers were
determined following 24 h of culture in the presence or absence of CADO. f MFI of the HIV-p24+ CD4+ T cells in gated HIV-p24+ CD4+ T cells in
response to CADO under anti-CD3 and anti-CD28 stimulation. g Pooled data showing the TNF-α expressing CD4+ T cells and CD8+ T cells from
TPs in response to various concentration of CADO under stimulation with anti-CD3 and anti-CD28 antibodies. *p < 0.05, **p < 0.01, ***p < 0.001

Chang et al. Translational Medicine Communications             (2019) 4:4 Page 9 of 11



evidence that ADO has a significant role in suppress-
ing monocyte activation and proinflammatory cyto-
kine production.

Conclusions
Taken together, this study found that the reduced
expression of CD39 and CD73 on B cells and the loss of
B cell-derived ADO might be linked to HIV disease
pathogenesis.
These findings extend our understanding of B cell

pathology in HIV infection and further support the
notion that modifying the ADO pathway might be an
attractive approach to treat patients with HIV-infection.

Abbreviations
ADO: Adenosine; AM: Activated memory; ART: Antiretroviral therapy;
CR: Complete responders; HC: Healthy control; I-FABP: Intestinal fatty acid
binding protein; MFI: Mean fluorescence intensity; RM: Resting memory;
sCD14: Soluble CD14; TLM: Tissue like memory; TP: Typical progressors

Acknowledgments
We appreciate Chunbao Zhou for his skilful technical assistance in Flow
Cytometry.

Funding
This work was supported by grants from the Innovative Research Team in
the National Natural Science Foundation of China (grant number 81721002)
and the Sanming Project of Medicine Project in Shenzhen (grant number
SZSM201612014).

Availability of data and materials
All data generated or analyzed during this study are included in this
published article.

Authors’ contributions
W-XC performed the experiments, analyzed the data. H-HH recruited partici-
pants and collected blood samples. LH, J-JS, Y-MJ, CZ, LJ, TY, MS, BT, ZX and
T-JJ provided help. F-SW supervised the study. J-YZ designed and performed
experiments, analyzed the data and wrote the manuscript. All the authors
read and approved the final manuscript.

Ethics approval and consent to participate
The study protocol was approved by the ethics committee of the fifth
medical center of PLA general hospital, and written informed consent was
obtained from each subject in accordance with the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

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

Author details
1Treatment and Research Center for Infectious Diseases, The fifth Medical
Center of PLA General Hospital, Beijing 302 Hospital, Beijing 100039, China.
2Shenzhen Third People’s Hospital, Shenzhen 518112, China. 3Department of
Clinical Medicine, Bengbu Medical College, Bengbu 233000, China. 4The First
People’s Hospital of Zhengzhou, Zhengzhou 450000, China.

Received: 2 December 2018 Accepted: 27 January 2019

References
1. Cekic C, Linden J. Purinergic regulation of the immune system. Nat Rev

Immunol. 2016;16:177–92.
2. Linden J, Cekic C. Regulation of lymphocyte function by adenosine.

Arterioscler Thromb Vasc Biol. 2012;32:2097–103.
3. Jalkanen S, Salmi M. VAP-1 and CD73, endothelial cell surface enzymes in

leukocyte extravasation. Arterioscler Thromb Vasc Biol. 2008;28:18–26.
4. Colgan SP, Curtis VF, Lanis JM, Glover LE. Metabolic regulation of intestinal

epithelial barrier during inflammation. Tissue Barriers. 2015;3:e970936.
5. Antonioli L, Pacher P, Vizi ES, Hasko G. CD39 and CD73 in immunity and

inflammation. Trends Mol Med. 2013;19:355–67.
6. Deeks SG, Lewin SR, Havlir DV. The end of AIDS: HIV infection as a chronic

disease. Lancet. 2013;382:1525–33.
7. Appay V, Sauce D. Immune activation and inflammation in HIV-1 infection:

causes and consequences. J Pathol. 2008;214:231–41.
8. Nikolova M, Carriere M, Jenabian MA, Limou S, Younas M, Kok A, et al.

CD39/adenosine pathway is involved in AIDS progression. PLoS Pathog.
2011;7:e1002110.

9. Jenabian MA, Seddiki N, Yatim A, Carriere M, Hulin A, Younas M, et al.
Regulatory T cells negatively affect IL-2 production of effector T cells
through CD39/adenosine pathway in HIV infection. PLoS Pathog. 2013;9:
e1003319.

10. Murray JL, Reuben JM, Munn CG, Mansell PW, Newell GR, Hersh EM.
Decreased 5′ nucleotidase activity in lymphocytes from asymptomatic
sexually active homosexual men and patients with the acquired immune
deficiency syndrome. Blood. 1984;64:1016–21.

11. Salazar-Gonzalez JF, Moody DJ, Giorgi JV, Martinez-Maza O, Mitsuyasu RT,
Fahey JL. Reduced ecto-5′-nucleotidase activity and enhanced OKT10 and
HLA-DR expression on CD8 (T suppressor/cytotoxic) lymphocytes in the
acquired immune deficiency syndrome: evidence of CD8 cell immaturity.
J Immunol. 1985;135:1778–85.

12. Toth I, Le AQ, Hartjen P, Thomssen A, Matzat V, Lehmann C, et al.
Decreased frequency of CD73+CD8+ T cells of HIV-infected patients
correlates with immune activation and T cell exhaustion. J Leukoc Biol.
2013;94:551–61.

13. Schuler PJ, Macatangay BJ, Saze Z, Jackson EK, Riddler SA, Buchanan WG,
et al. CD4(+)CD73(+) T cells are associated with lower T-cell activation and
C reactive protein levels and are depleted in HIV-1 infection regardless of
viral suppression. AIDS. 2013;27:1545–55.

14. Carriere M, Lacabaratz C, Kok A, Benne C, Jenabian MA, Casartelli N, et al.
HIV “elite controllers” are characterized by a high frequency of memory CD8
+ CD73+ T cells involved in the antigen-specific CD8+ T-cell response.
J Infect Dis. 2014;209:1321–30.

15. Moreno-Fernandez ME, Rueda CM, Rusie LK, Chougnet CA. Regulatory T
cells control HIV replication in activated T cells through a cAMP-dependent
mechanism. Blood. 2011;117:5372–80.

16. He T, Brocca-Cofano E, Gillespie DG, Xu C, Stock JL, Ma D, et al. Critical role
for the adenosine pathway in controlling simian immunodeficiency virus-
related immune activation and inflammation in gut mucosal tissues. J Virol.
2015;89:9616–30.

17. Thompson LF, Ruedi JM, O'Connor RD, Bastian JF. Ecto-5′-nucleotidase
expression during human B cell development. An explanation for the
heterogeneity in B lymphocyte ecto-5′-nucleotidase activity in patients with
hypogammaglobulinemia. J Immunol. 1986;137:2496–500.

18. Saze Z, Schuler PJ, Hong CS, Cheng D, Jackson EK, Whiteside TL. Adenosine
production by human B cells and B cell-mediated suppression of activated
T cells. Blood. 2013;122:9–18.

19. Schena F, Volpi S, Faliti CE, Penco F, Santi S, Proietti M, et al. Dependence of
immunoglobulin class switch recombination in B cells on vesicular release
of ATP and CD73 ectonucleotidase activity. Cell Rep. 2013;3:1824–31.

20. Kim ES, Ackermann C, Toth I, Dierks P, Eberhard JM, Wroblewski R,
et al. Down-regulation of CD73 on B cells of patients with viremic HIV
correlates with B cell activation and disease progression. J Leukoc Biol.
2017;101:1263–71.

21. Jiao YM, Yang HG, Huang HH, Tu B, Xing SJ, Mao L, et al. Dichotomous roles
of programmed cell death 1 on HIV-specific CXCR5(+) and CXCR5(−) CD8(+)
T cells during chronic HIV infection. Front Immunol. 2017;8:1786.

Chang et al. Translational Medicine Communications             (2019) 4:4 Page 10 of 11



22. Zhang JY, Zhang Z, Wang X, Fu JL, Yao J, Jiao Y, et al. PD-1 up-regulation is
correlated with HIV-specific memory CD8+ T-cell exhaustion in typical
progressors but not in long-term nonprogressors. Blood. 2007;109:4671–8.

23. 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.

24. Titanji K, Chiodi F, Bellocco R, Schepis D, Osorio L, Tassandin C, et al. Primary
HIV-1 infection sets the stage for important B lymphocyte dysfunctions.
AIDS. 2005;19:1947–55.

25. Moir S, Buckner CM, Ho J, Wang W, Chen J, Waldner AJ, et al. B cells
in early and chronic HIV infection: evidence for preservation of immune
function associated with early initiation of antiretroviral therapy. Blood.
2010;116:5571–9.

26. Pelsers MM, Namiot Z, Kisielewski W, Namiot A, Januszkiewicz M,
Hermens WT, et al. Intestinal-type and liver-type fatty acid-binding
protein in the intestine. Tissue distribution and clinical utility. Clin
Biochem. 2003;36:529–35.

27. Hunt PW, Sinclair E, Rodriguez B, Shive C, Clagett B, Funderburg N, et al. Gut
epithelial barrier dysfunction and innate immune activation predict
mortality in treated HIV infection. J Infect Dis. 2014;210:1228–38.

28. Brenchley JM, Price DA, Schacker TW, Asher TE, Silvestri G, Rao S, et al.
Microbial translocation is a cause of systemic immune activation in chronic
HIV infection. Nat Med. 2006;12:1365–71.

29. Jiang W, Lederman MM, Hunt P, Sieg SF, Haley K, Rodriguez B, et al. Plasma
levels of bacterial DNA correlate with immune activation and the
magnitude of immune restoration in persons with antiretroviral-treated HIV
infection. J Infect Dis. 2009;199:1177–85.

30. Suzuki T. Regulation of intestinal epithelial permeability by tight junctions.
Cell Mol Life Sci. 2013;70:631–59.

31. Chevalier MF, Petitjean G, Dunyach-Remy C, Didier C, Girard PM, Manea ME,
et al. The Th17/Treg ratio, IL-1RA and sCD14 levels in primary HIV infection
predict the T-cell activation set point in the absence of systemic microbial
translocation. PLoS Pathog. 2013;9:e1003453.

32. Bono MR, Fernandez D, Flores-Santibanez F, Rosemblatt M, Sauma D. CD73
and CD39 ectonucleotidases in T cell differentiation: beyond
immunosuppression. FEBS Lett. 2015;589:3454–60.

33. Hailman E, Vasselon T, Kelley M, Busse LA, Hu MC, Lichenstein HS, et al.
Stimulation of macrophages and neutrophils by complexes of
lipopolysaccharide and soluble CD14. J Immunol. 1996;156:4384–90.

Chang et al. Translational Medicine Communications             (2019) 4:4 Page 11 of 11


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Materials and methods
	Subjects
	Isolation of PBMCs and cell separation
	Antibodies and reagents
	Real-time RT-PCR assay
	Mass spectrometry
	Monocyte activation assay
	Cytokines and virus production assay
	Flow cytometry
	Plasma HIV-1 RNA monitoring
	Elisa
	Statistical analysis

	Results
	Frequencies of CD39+, CD73+, and CD39+CD73+B cells correlated negatively with disease progression in patients with HIV-1 infection
	The expression profiles of CD39 and CD73 on B cell subsets
	Decreased production of ADO by B cells in patients with HIV-1 infection
	Frequencies of CD39+, CD73+, and CD39+CD73+B cells correlated negatively with plasma I-FABP and sCD14 levels
	The expression of adenosine receptors in monocytes and inhibition of monocyte activation by adenosine
	The expression of adenosine receptors in T cells and the inhibition of viral production and proinflammatory cytokine release by adenosine


	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

