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Abstract. The ectoenzyme CD39 hydrolyzes extracel-
lular adenosine 5'-triphosphate (ATP), which possesses 
pro-inflammatory properties. However, the role of CD39 
in allergic asthma has not been fully elucidated. A total 
of 18 patients with persistent asthma who were allergic to 
house dust mites and 19 healthy volunteers were enrolled in 
this study. The expression of CD39, GATA3, RAR-related 
orphan receptor γ  (ROR-γt) and forkhead box P3 (FoxP3) 
mRNA in peripheral blood mononuclear cells (PBMCs) was 
determined by SYBR-Green I quantitative polymerase chain 
reaction (qPCR). The cytokines interleukin (IL)-4, IL-17A, 
transforming growth factor β (TGF-β) and DP.sIgE were 
detected by enzyme-linked immunosorbent assay. Our data 
demonstrated that the expression of CD39 mRNA in PBMCs 
from asthmatic patients was significantly lower compared to 
that in normal controls [(1.49±0.59)x10-3 vs. (2.17±0.77)x10-3, 
respectively; P<0.01]. CD39 mRNA was negatively correlated 
with serum IL-4, IL-17A and GATA3 expression (r=-0.468, 
P<0.05; r=-0.550, P<0.05; and r=-0.424, P<0.01, respectively) 
and positively correlated with FoxP3 and TGF-β expression 
(r=0.373, P<0.05; and r=0.425, P<0.05, respectively). There was 
no obvious correlation between CD39 and ROR-γt expression 
(r=-0.259, P=0.122). These data suggested that CD39 mRNA 
expression was downregulated in allergic asthma, which was 
positively correlated with serum IL-4, IL-17A and GATA3 
expression and negatively correlated with serum TGF-β and 
FoxP3 expression, whereas there was no correlation with 
ROR-γt. Therefore, it was hypothesized that CD39 may partici-
pate in the occurrence and progression of allergic asthma.

Introduction

The introduction of Global Initiative for Asthma (GINA) 
guidelines has enabled more patients with allergic asthma 
to control their disease. However, a high percentage of asth-
matic patients are not efficiently controlled with the currently 
available therapies and a high percentage of patients are not 
compliant with inhaled treatments for asthma. Therefore, it is 
crucial to improve our understanding of the pathophysiology 
of asthma.

CD39 is a cell surface-located prototypic member of the 
ectonucleoside triphosphate diphosphohydrolase (E-NTPDase) 
family. This ectoenzymatic cascade in tandem with ecto-5'-nu-
cleotidase (CD73) generates adenosine and exerts significant 
effects on adenosine 5'-triphosphate (ATP) and adenosine 
receptor signalling (P2 and P1 purinergic receptors, respec-
tively). CD39 was first described as a B lymphocyte activation 
marker (1). This ectonucleotidase is also expressed on natural 
killer cells, monocytes, dendritic cells (DCs) and subsets of 
activated T cells (2). CD39 also catalyzes extracellular ATP 
released by inflammatory, damaged and activated T cells (3‑7). 
However, extracellular ATP exerts pro-inflammatory effects, 
such as promoting monocytes and lymphocytes to secrete 
interleukin (IL)-1 and IL-8 (8-9), promoting the differentiation 
and migration of DCs (10) and IL-17 expression and inducing 
the apoptosis of regulatory T cells (11-12). Therefore, CD39 
may alleviate the inflammatory damage of tissue by removing 
extracellular ATP.

However, the expression of CD39 in peripheral blood 
mononuclear cells (PBMCs) in allergic asthma and its func-
tions have not been elucidated. Our study initially investigated 
the expression of CD39 in the peripheral blood of patients 
with allergic asthma and analyzed the correlations between 
CD39 mRNA and serum IL-4, IL-17A, transforming 
growth factor β (TGF-β) and GATA3, RAR-related orphan 
receptor γ (ROR-γt) and forkhead box P3 (FoxP3) mRNA.

Materials and methods

Subjects and sample preparation. A total of 18 patients with 
chronic persistent allergic asthma, as determined by the posi-
tive results of allergen tests to house dust mites, were recruited 
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in this study. Brief lung function tests, including forced expira-
tory volume in the first second (FEV1) (% predicted), were 
performed. The concentration of DP.sIgE was measured. None 
of the patients had been treated with systemic glucocorticoids 
within one month prior to the initiation of the study and had 
never received other immunosuppressive agents or desensiti-
zation therapy. A total of 19 age- and gender-matched healthy 
donors, with normal pulmonary function and negative allergen 
tests, were selected as normal controls. FEV1 (% predicted) 
was markedly lower and DP.sIgE was markedly higher in asth-
matic patients compared to those in normal controls (Table I).

Written informed consent was obtained from all the 
individuals and the study received ethical approval from the 
Research Ethics Board of Ruijin Hospital, Shanghai Jiao Tong 
University School of Medicine.

Main reagents and instruments. The human lymphocyte sepa-
ration medium and the SYBR-Green I quantitative polymerase 
chain reaction (qPCR) kit were purchased from BioTNT, 
Shanghai, China; RPMI was provided by Gibco, Carlsbad, 
CA, USA; the TRIzol mRNA extraction reagent and the ABI 
ViiA 7 Real-Time PCR system were purchased from Life 
Technologies, Carlsbad, CA, USA; the cDNA reverse transcrip-
tion kit was obtained from Promega Corporation, Madison, 
WI, USA; the human serum IL-4, IL-17A and TGF-β enzyme-
linked immunosorbent assay (ELISA) kits were purchased 
from Anogen, Mississauga, Canada; the DP.sIgE ELISA kit 
was provided by Dr. Fooke-Achterrath Laboratorien GmbH, 
Neuss, Germany; and the Multiskan MS microplate reader was 
obtained from Ani LabSystems, Ltd., Vantaa, Finland.

Methods. Heparinized peripheral venous blood (8 ml) was 
collected from each participant. Plasma was isolated from 
peripheral blood and stored at ‑80˚C until used to measure 
the concentrations of the cytokines. PBMCs were obtained 
from peripheral blood by Ficoll-Hypaque density centrifuga-
tion (1,200 x g for 20 min at room temperature). The PBMCs 
were suspended at a density of 2x106 cells/ml in 1 ml TRIzol 
reagent and stored at ‑80˚C.

The concentrations of DP.sIgE, IL-4, IL-17A and TGF-β 
in the plasma were measured by ELISA, in accordance with 
the manufacturer's instructions. All the measurements were 
performed in duplicate.

Relative qPCR. The total mRNA in the TRIzol reagent was 
reverse-transcribed into cDNA. The primers were designed 
by Life Technologies and synthesized by BioTNT, according 
to the manufacturer's instructions. For amplification, the 
SYBR-Green I Real-Time PCR kit was used. Each reaction 
was run in triplicate on the ABI ViiA 7 Real-Time PCR system 
and was normalized to housekeeping gene β-actin transcripts. 
ΔCT values was recorded and converted to 2-ΔΔCT, revealing a 
linear association between the target concentrations and 2-ΔΔCT 
values (the smaller the target concentrations, the smaller the 
2-ΔΔCT values). The specific primers used are listed in Table ΙΙ.

Statistical analysis. GraphPad Prism 5 software was used for 
statistical analysis. Normal distribution and homogeneity of 
variance in two groups were first tested. If each group exhib-
ited homogeneity, statistical calculations were performed using 

the Student's t-test and the data are presented as means ± SD. 
When heteroscedasticity was present in each group, the data 
were analyzed using the Mann-Whitney U test and presented 
as medians (interquartile range). Pearson's correlation was 
used to analyze the relevance. P<0.05 was considered to indi-
cate a statistically significant difference.

Results

CD39 mRNA expression is decreased in the peripheral blood 
of patients with allergic asthma. CD39 mRNA expression was 
markedly lower in patients with allergic asthma compared to 
that in normal controls [(1.49±0.59)x10-3 vs. (2.17±0.77)x10-3, 
respectively; P<0.01] (Fig. 1).

Increased serum IL‑4 and IL‑17A levels correlate with 
CD39 mRNA deficiency in PBMCs. The chronic inflamma-
tion of asthma is mediated by several types of inflammatory 
cytokines, such as IL-4 and IL-17A (13-14). In agreement 
with our previous studies (15), the levels of IL-4 and IL-17A 
in the serum were markedly higher in patients with allergic 
asthma compared to those in normal controls (Table III). 
We then analyzed the correlation of CD39 mRNA with IL-4 
and IL-17A and observed that CD39 mRNA expression was 

Table I. General characteristics of subjects.

Index Asthma Control P-value

No. 18 19 -
Age (years) 37.06±11.67 38.11±11.37 >0.05
Gender (M/F) 12/6 13/6 >0.05
FEV1 (% predicted)  80.05±16.72  92.27±6.54  <0.01
DP.sIgE (KU/ml) 28.47±18.50 0.95±1.67 <0.01

FEV1, forced expiratory volume in the first second; M, male; F, female.

Table II. Primer sequences of human CD39, GATA3, ROR-γt 
and Foxp3 gene.

  Length
Gene Sequences (bp)

CD39 5'-CTGATTCCTGGGAGCACAT-3' 143
 5'-GACATAGGTGGAGTGGGAGAG-3'
GATA3 5'-GAGATGGCACGGGACACTAC-3' 151
 5'-GTGGTTGTGGTGGTCTGACAGT-3'
ROR‑γt  5'‑GGCTCCCTGGATGAATAGAATG‑3'  190
 5'-AGGCAGAGGCAGAAAATGTAAAG-3' 
FoxP3 5'-ATGCGACCCCCTTTCACCTAC-3' 155
 5'-TGGCGGATGGCGTTCTTC-3'
β‑actin  5'‑AAGGTGACAGCAGTCGGTT‑3'  195
 5'-TGTGTGGACTTGGGAGAGG-3'

ROR‑γt, RAR‑related orphan receptor γ; FoxP3, forkhead box P3.
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negatively correlated with IL-4 and IL-17A levels (r=-0.468, 
P<0.05; and r=-0.550, P<0.05, respectively).

Correlation of CD39 mRNA with GATA3 and ROR‑γt mRNA. 
In our study, we further investigated GATA3 and ROR-γt 
mRNA expression in PBMCs. We observed that the expres-
sion of GATA3 and ROR-γt mRNA was markedly higher 
in patients with allergic asthma compared to that in normal 
controls [(6.53±2.17)x10-3 vs. (3.53±1.41)x10-3, P<0.001; and 
(10.02±0.80)x10-3 vs. (8.83±1.01)x10-3, P<0.001, respectively] 
(Fig. 2). These results were in agreement with our previous 
study (16) and confirmed the veracity of the selected asthmatic 
patients.

The correlation between GATA3 mRNA and IL-4, 
ROR-γt mRNA and IL-17A was then analyzed. We observed 
that GATA3 mRNA expression was positively correlated 
with serum IL-4 levels (r=0.583, P<0.01), whereas there was 
no obvious correlation between ROR-γt mRNA and serum 
IL-17A levels (r=0.197, P=0.406).

We also analyzed the correlation of CD39 mRNA with 
GATA3 and ROR-γt mRNA expression and observed that CD39 
mRNA expression was negatively correlated with GATA3 
mRNA (r=-0.424, P<0.01) and exhibited no obvious correlation 
with ROR-γt mRNA expression (r=-0.259, P=0.122).

Decreased FoxP3 and TGF‑β levels are associated with of 
CD39 mRNA deficiency. In our study, we also investigated the 

level of serum TGF-β and FoxP3 mRNA expression in PBMCs 
and observed that serum TGF-β and FoxP3 mRNA levels were 
markedly lower in patients with allergic asthma compared 
to those in normal controls [66.15±33.30 vs. 164.44±42.61, 
P<0.01; and (0.40±0.15)x10-3 vs. (0.64±0.16)x10-3, P<0.001, 
respectively] (Table III and Fig. 2). Moreover, CD39 mRNA 
expression was positively correlated with serum TGF-β and 
FoxP3 mRNA expression (r=0.425, P<0.05; r=0.373, P<0.05).

Discussion

In our study, we investigated the expression of CD39 mRNA 
in PBMCs. Our data indicated that CD39 mRNA expression 
was downregulated in allergic asthma. We hypothesized 
that the deficiency of CD39 mRNA in asthma, which leads 
to the absence of the anti‑inflammatory effects of CD39, may 
promote the occurrence of asthma.

Imbalances in T helper (Th)1/Th2 and Th17/regulatory 
T cells (Treg cells) were also detected in patients with allergic 
asthma (15). Th2, Th17 and Treg cells exhibit unique cyto-
kine and specific transcription factor profiles that instruct a 
specific differentiation program (13,14,17). It is currently 
recognized that Th2-cell differentiation and IL-4 secre-
tion is dependent on GATA3 (18). The differentiation and 
development of Th17 cells, which mainly secrete IL-17A, 
require ROR-γt (19-21), whereas Treg cells require FoxP3 
and mainly secrete TGF-β (22). It is widely accepted that Th2 
and Th17 cells are important contributors to inflammatory 
responses and airway remodeling (18,23) and Treg cells play 
a central role in regulating the self-tolerance and homeostasis 
of the immune system (24). In our study, we observed that 
the deficiency of CD39 mRNA in PBMCs was negatively 
correlated with increased serum IL-4 and IL-17A levels and 
positively correlated with decreased serum TGF-β levels. We 
hypothesized that the decreased CD39 may result in inflam-
matory damages in asthma by upregulating serum IL-4 and 
IL-17A, which mediate airway inflammation in asthma, and 
downregulating serum TGF-β, which is a soluble anti‑inflam-
matory cytokine (21,24). Previous studies demonstrated that 

Table III. Comparison of serum IL-4, IL-17A and TGF-β levels 
between patients with allergic asthma and normal controls.

Cytokine Asthma Control P-value

IL-4 137.11±187.42 3.03±3.01 <0.01
IL-17A 54.42±47.15 15.90±23.31 <0.01
TGF-β 66.15±33.30 164.44±42.61 <0.01

IL, interleukin; TGF-β, transforming growth factor β.

Figure 1. Comparison of CD39 mRNA in peripheral blood mononuclear cells 
between patients with allergic asthma and normal controls. **P<0.01.

Figure 2. Comparison of Foxp3, GATA3 and ROR-γt mRNA in peripheral 
blood mononuclear cells between patients with allergic asthma and normal 
controls. ***P<0.001 . FoxP3, forkhead box P3; ROR‑γt, RAR‑related orphan 
receptor γ.
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increased GATA3 and ROR-γt and decreased FoxP3 expres-
sion mediate the inflammatory responses in asthma (20,25,26). 
Moreover, CD73, another ectoenzyme, may act synergistically 
with CD39 to catalyze the conversion of extracellular ATP 
into immune suppressor adenosine. Subsequently, adenosine 
combines to the adenosine receptor A2A, which is expressed 
on effector T (Teff) cells and Treg cells, inhibiting the activa-
tion and functions of Teff cells, such as inhibition of Th2 cell 
development and Th17 cell generation (27,28) and promoting 
the expression of FoxP3 by Treg cells (29). Accordingly, we 
hypothesized that CD39 may regulate the levels of serum IL-4, 
IL-17A and TGF-β by regulating GATA3, ROR-γt and FoxP3 
expression. However, we observed that CD39 was negatively 
correlated with GATA3 and positively correlated with FoxP3, 
whereas there was no obvious correlation of CD39 with 
ROR-γt. The role of the signaling pathway of CD39, CD73 and 
A2AR in asthma may differ from that in multiple sclerosis and 
renal ischemia-reperfusion injury. Moreover, other immune 
cells also express IL-17A in addition to the Th17 cells (30). 
Thus we hypothesized that CD39 may control IL-17A levels by 
regulating other IL-17A-producing cells.

In conclusion, we demonstrated that CD39 mRNA 
expression was downregulated in the peripheral blood of 
patients with asthma, which was associated with serum IL-4 
and IL-17A levels and the expression of GATA3 and FoxP3 
mRNA, whereas it was not associated with ROR-γt mRNA 
expression. Therefore, the deficiency of C0D39 mRNA may be 
involved in the occurrence and progression of allergic asthma.
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