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Abbreviations
PBC: Primary Biliary Cholangitis

ALT: Alanine Aminotransferase

AST: Aspartate Aminotransferase

ALP: Alkaline Phosphatase

GGT: γ-Glutamyl Transferase

HC: Healthy Controls

UDCA: Ursodeoxycholic Acid

NAFLD: Nonalcoholic Fatty Liver Disease

AASLD: American Association for the Study of Liver Diseases

AIH: Autoimmune Hepatitis

PBMCs: Peripheral Blood Mononuclear Cells

BSA: Bovine Serum Albumin

Introduction

 Primary Biliary Cholangitis (PBC) is a chronic autoimmune 
cholestatic liver disease. It results from a progressive damage of the 
small intrahepatic bile ducts, which results in scarring, inflammation, 
fibrosis and cirrhosis [1]. As a secondary bile acid, Ursodeoxycholic 
Acid (UDCA) is a metabolic by-product by intestinal bacteria and the 
most frequently used nonsurgical treatment of cholesterol gallstones 
and PBC [2]. Although it exists hepatoprotective effects, 30% to 40% 
of PBC patients respond poorly to UDCA therapy [3]. The previous  
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Abstract
 Primary Biliary Cholangitis (PBC) is a chronic autoimmune 
cholestatic liver disease. This study investigated changes of ade-
nosine metabolism pathway related molecules and their contribu-
tion to inflammatory injury in PBC. Clinical results showed that the 
concentrations of alanine Aminotransferase (ALT), Aspartate Ami-
notransferase (AST), Alkaline Phosphatase (ALP) and γ-Glutamyl 
Transferase (GGT) in serum of 64 PBC subjects increased com-
pared with 60 Healthy Controls (HC). The proportion of CD39+CD4+ 

cells was decreased in PBMCs from PBC patients in comparsion to 
HC. Moreover, the proportion of CD39+ Treg cells in PBMCs from 
PBC patients also significantly decreased in comparsion to HC. A 
PBC murine model results showed that, compared with the normal 
mice, the concentrations of ALT, AST and GGT in serum significantly 
increased induced by polyinosinic-polycytidylic acid (poly I:C). Histo-
pathology result revealed that poly I:C induced liver inflammation in 
mice. The proportion of CD39+ cells in PBMCs from poly I:C-treated 
mice was decreased compared with the normal mice. Meanwhile, 
the proportions of CD39+CD4+ cells and CD39+Treg cells were 
markedly reduced in poly I:C-induced mouse spleen. Finally, poly I:C 
significantly induced a global reduction of CD39 and adenosine re-
ceptor A2a expression in mouse liver. In addition, poly I:C treatment 
didn’t alter the proportions of CD39+CD8+ and CD39+CD19+ cells 
in mouse liver. In conclusion, our results suggest that the proportion 
of CD39+ Treg cells decreasing in PBC patients and animal model 
are closely associated with the disease progression. Our study offers 
a novel perspective on the role of adenosine metabolism pathway in 
PBC pathogenesis.
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study has reported that treatment with 600 mg/day UDCA for 2 years 
or 800 IU/day vitamin E effectively ameliorate liver function in Non-
alcoholic Fatty Liver Disease (NAFLD) patients [4,5]. However, the 
therapeutic effects of UDCA in liver disease are still undefined. So 
far, there are no exhaustive studies to reveal the efficacy of UDCA in 
liver disease. Therefore, it is much important to identify significantly 
changed endogenous genes and factors, which may help to elucidate 
the etiopathogenesis of PBC and acquire a good curative.

 Regulatory T (Treg) cells as a subpopulation of T cells have a pro-
found function in the control of self-tolerance to self-antigens, pre-
venting autoimmune disease and inflammatory responses [6]. Treg 
cells mainly derived from the thymus and a substantial Treg cells are 
from the periphery. Treg cells are thought to be derived from naïve 
CD4+ cells and express biomarkers CD4, CD25 and Foxp3 [7]. It is 
well known that the liver is the metabolic center of the organism and 
an important source of peripherally derived Tregs [8]. Many studies 
have revealed the importance and role of Treg cells in the liver. For 
example, imbalance between Foxp3+ Treg cells and Th1/Th17/Th22 
cells in patients contributed to the pathogenic process of Autoimmune 
Hepatitis (AIH) [9]. In addition, the recent study showed that the low 
dose IL-12 treatment increased sensitivity of Treg cells from patients 
with PBC to drive their differentiation into IFN-γ secreting cells [10].

 Ectonucleoside Triphosphate Diphosphohydrolase-1 (NTPDase1) 
also known as CD39 (cluster of differentiation 39), is an integral 
membrane protein with an extracellular catalytic site [11]. It catalyz-
es the hydrolysis of phosphoric acid residues of triphosphate and di-
phosphate to form nucleoside monophosphate derivatives as the final 
product [12]. CD39 as an important purinergic signal molecule partic-
ipates in the process of energy metabolism and various inflammatory 
diseases [13]. It has been reported that pro-inflammatory cytokines, 
hypoxia and oxidative stress regulated CD39 expression in cortical 
astrocytes and immune cells. The mechanism involved in several 
transcription factors such as Sp1 and Stat3 [14-16]. However, the role 
of CD39 in the pathogenesis of PBC remains unknown. In this study, 
we investigated the expression of CD39 in Treg cells obtained from 
PBC patients. Moreover, a PBC animal model was used to confirm 
the population of CD39+ Treg cells in poly I:C-induced liver injury 
in mice. It was found that reduced the population of CD39+ Treg cor-
relates with the development of PBC in patients and a murine model.

Materials and Methods
PBC patients and healthy controls

 The study involved subjects (PBC patients and healthy controls) 
recruited from Department of Scientific Research and Microbiology 
and Changshu Institution for Laboratory Medicine (Changshu, Jiang-
su Province, China) between 2016 and 2017. There was no significant 
difference in age and gender between PBC and the healthy control. 
The PBC patients were diagnosed according to the American asso-
ciation for the study of liver diseases (AASLD) practice guideline 
when two of the following three criteria are met: (1) Biochemical 
evidence of cholestasis based mainly on alkaline phosphatase eleva-
tion; (2) Presence of AMA; (3) Histologic evidence of nonsuppurative 
destructive cholangitis and destruction of interlobular bile ducts [17]. 
The experimental protocol was approved by the Ethics Committee of 
Institute of Laboratory Medicine of Changshu. An informed written 
consent was obtained from each patient. The diagnosis of cirrhosis 
was based on liver biopsy and all patients were treatment naive. Ex-
clusion criteria included individuals infected with hepatitis virus or  

other inflammatory diseases. The healthy controls had no medical his-
tory of any liver disease or other diseases.

PBC animal model

 Adult 6-8 weeks old C57BL/6J male mice were purchased from 
the Laboratory Animal Center of Jiangsu University (Zhenjiang, Chi-
na), and maintained with free access to pellet food and water under 
controlled conditions (22℃, 55% humidity, 12 h day/night). All an-
imals received adequate care in compliance with laboratory practice 
guidelines and the experimental protocol was approved by the Ethics 
Committee of Jiangsu University. For PBC animal model, mice were 
injected with 5 mg/kg poly I:C or normal saline twice per week for 16 
weeks, according to the previous study [18]. At week 16, mice were 
sacrificed by cervical dislocation. Liver tissues were fixed in 10% for-
malin solution. Serum and tissue samples were stored at -80°C. The 
serum concentrations of Alkaline Phosphatase (ALP), Aspartate Ami-
notransferase (AST), Alanine Aminotransferase (ALT) and γ-Glutam-
yl Transferase (GGT) were measured by commercial kits (Nanjing 
Jiancheng bioengineering institute, Nanjing, China).

Histopathology

 Formalin-fixed liver tissues were embedded by paraffin and sec-
tions were cut into 5 μm slices. The sections were deparaffinized in 
xylene, dehydrated in ethanol, rehydrated in distilled water and sub-
jected to Hematoxylin and Eosin (H&E). The images of liver sections 
were read, in blinded fashion, by a single pathologist. The clinical 
scores were evaluated as described previously with some modifica-
tion. 0 = occasional inflammatory cells infiltration; 1= mild inflam-
mation; 2 = inflammation with fibrosis.

Flow cytometry

 Briefly, peripheral blood was collected from patients or mice and 
gradient centrifuged with lymphocyte separation medium (Solarbio 
Life Sciences, China) to separate Peripheral Blood Mononuclear 
Cells (PBMCs). The cells were incubated with indicated antibodies 
at 4℃ for 20 min. To detect the proportion of Treg cells, the cells 
were fixed and permeabilized with Perm/Fix solution and incubated 
with Foxp3 antibody. The proportions of cells were determined by 
flow cytometry. All staining was performed according to manufac-
turer’s protocols. Anti-human CD4-FITC (clone: OKT4, #317407), 
anti-human CD39-percp-cy5.5 (clone: A1), anti-human CD73-per-
cp-cy5.5 (clone: AD2), isotype control PerCP/Cy5.5 mouse IgG1 
(clone: MOPC-21), anti-human CD25-APC (clone: BC96), anti-hu-
man Foxp3-PE (clone: 206D), anti-mouse CD4-FITC (#100405), 
anti-mouse CD39-PE (clone: Duha59), anti-mouse CD73-PE (clone: 
TY/11.8), isotype control PE Rat IgG1(clone: RTK2071) and an-
ti-mouse CD25-APC (3C7) antibodies were purchased from Bio-
legend (San Diego, CA). Anti-mouse Foxp3-FITC (clone: FJK-16s) 
antibody was purchased from eBioscience (Waltham, MA).

Real-time quantitative PCR (qPCR)

 Total RNA from mice liver was prepared using Trizol reagent 
(Invitrogen, Carlsbad, CA) according to the manufacturer’s instruc-
tions. Briefly, cDNA was synthesized from 1 μg RNA using Super-
Script™ II Reverse Transcriptase (Invitrogen, Carlsbad, CA). qPCR 
was performed using Taqman master Mix (Thermo Fisher Scientific, 
Waltham, MA) and ABI 7500 sequence detection system (Applied 
Biosystems, Foster City, CA). Data were analyzed by the 2┴(-△△Cτ) 

method. Each sample was performed in triplicate and the relative  
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mRNA expression was normalized by β-actin. The taqman primers of 
β-actin, CD39 and CD73 were purchased from Invitrogen (Carlsbad, 
CA).

Western blot

 Liver samples were homogenized in RIPA buffer (25mM Tris-HCl 
pH 7.6, 150mM NaCl, 1% NP-40, 1% sodium deoxycholate, 0.1% 
SDS) containing 1 mmol/L PMSF (Cell signaling Technology, Dan-
vers, MA). After centrifugation for 10 min, the concentration of the 
protein in the supernatant was determined by Pierce™ BCA Protein 
Assay Kit (Thermo Fisher Scientific, Waltham, MA). The protein was 
separated by 10 % SDS-PAGE and transferred onto a PVDF mem-
brane. After blocking with 1.5 % bovine serum albumin (BSA) in 
Tris-buffered saline, the membrane was incubated with primary an-
tibodies and horseradish peroxidase (HRP)-conjugated antibody. The 
bands were detected by ECL reagent (Cell Signaling Technology, 
MA) using western blot detect system according to the manufactur-
er’s instructions. Rabbit monoclonal anti-CD39 (EPR20627), rabbit 
polyclonal anti-CD73, mouse monoclonal anti-β-actin (mAbcam 
8226), rabbit monoclonal anti-adenosine receptor A1 (EPR6179), 
rabbit polyclonal anti-adenosine receptor A2a, A2b and A3 antibodies 
were purchased from ABCAM (Cambridge, MA).

Statistical analysis

 Data were analyzed using SPSS 17.0 Version and expressed as 
mean ± SEM. Statistical comparisons between two groups were per-
formed using the Student t test. The p value < 0.05 was considered 
statistically significant.

Results
The proportion of CD39+CD4+ cells decreased in PBMCs 
from PBC patients

 Firstly, biochemical analysis was evaluated from 64 PBC patients 
and 60 healthy controls. As shown in table 1, the results showed 
that the concentrations of ALT, AST, ALP and GGT in serum from 
PBC patients were significantly increased, indicating that these pa-
tients suffered from liver injury. Meanwhile, PBMCs from PBC pa-
tients and the healthy subjects were isolated and the proportion of 
CD39+CD4+ cells in PBMCs were detected by flow cytometry. The 
results showed that the proportion of CD39+CD4+ cells decreased 
in PBMCs from PBC patients compared to the healthy control. The 
proportion of CD39+CD4+ cells in PBC patients was 2.14 ± 1.31 %, 
while the proportion in the healthy control was 18.35 ± 3.20 %. How-
ever, there was no significant difference between PBC patients and the 
healthy control for proportion of CD73+CD4+ cells (Figure 1).

The proportion of CD39+ Treg cells decreased in PBMCs 
from PBC patients

 Next, we further detected the proportion of CD39+ and CD73+ 
Treg cells in PBC patients. PBMCs from PBC patients and the healthy 
subjects were isolated and CD4+CD25+Foxp3+ cells were consid-
ered as Treg cells. As shown in figure 2, the proportion of CD39+ 
Treg cells in PBC patients was 2.5 ± 0.5 %, while the proportion in the 
healthy control was 7.8 ± 1.2 %. Compared with the healthy control, 
the proportion of CD39+ Treg cells significantly decreased in PBC 
patients. In addition, there was no significant difference between PBC 
patients and the healthy control for proportion of CD73+ Treg cells in 
PBMCs.

Poly I:C induced liver injury and inflammation in mice

 According to the protocol of PBC animal model, mice were sac-
rificed at week 16. The liver tissue and serum were collected to eval-
uate the content of liver inflammation. As shown in table 2, poly I:C 
administration increased the concentrations of ALT, AST and GGT 
in serum. In line with the previous study, poly I:C didn’t induce ALP 
concentration increasing (p = 0.2263). Histopathology results showed 
that poly I:C significantly increased liver injury and inflammation in 
mice (Figure 3).

HC (n=60) PBC (n=64) P

Age (year) 62.3±8.8 59.0±11.4 0.422

Male/Female 18/42 17/47 ——

AST(U/L) 19.8±4.9 86.3±9.0 <0.001

ALT(U/L) 18.6±11.5 80.3±88.3 <0.001

GGT(U/L) 21.0±13.3 270.1±204.5 <0.001

ALP(μmol/L) 70.3±18.5 287.2±391.1 <0.001

Table 1: Clinical data of biochemical analysis on patients and healthy con-
trols.

Figure 1: The proportion of CD39+CD4+ cells decreased in PBMCs from 
PBC patients. PBMCs were isolated from patients and the healthy con-
trols and incubated with CD4-FITC and isotype-percp-cy5.5, CD39-per-
cp-cy5.5 or CD73-percp-cy5.5 antibodies at 4°C for 20 min. (A) PBMCs 
were collected and CD4-FITC positive lymphocytes were gated for the 
further analysis. (B) The CD4+ lymphocytes incubated with isotype-per-
cp-cy5.5 antibody were used as a negative control. (C-D) The proportions 
of CD39+CD4+ and CD73+CD4+ cells were determined by flow cytom-
etry. Data are shown as means ± S.E.M. **p < 0.01 in comparison to the 
healthy control.
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The proportion of CD39+ Treg cells decreased in model 
group

 Firstly, PBMCs from normal and poly I:C-treated mice were 
isolated by density gradient centrifugation, and the proportions of 
CD39+ cell and CD73+ cells in PBMCs were determined by flow 
cytometry. As shown in figure 4, the proportion of CD39+ cells in 
PBMCs decreased in model group (72.3 ± 6.8 %) compared with the 
normal group (92.3 ± 8.4 %). However, there was no significant dif-
ference between the normal group and the model group for proportion 
of CD73+ cells in PBMCs. Furthermore, the CD4+ cells were purified 
from spleen of mice by magnetic separation with the Mini-MACS 
system. The proportion of CD39+CD4+ cells in spleen was detected 
by flow cytometry. As shown in figure 5, poly I:C significantly inhib-
ited the proportion of CD39+CD4+ cells in poly I:C-treated mice. 
The proportion of CD39+CD4+cells in normal group was 26.4 ± 3.5 
%, and that in model group was 16.5 ± 2.1 %. Finally, CD4+ cells 
were isolated form spleen; the proportion of CD39+ Foxp3+CD4+  

cells was detected by flow cytometry. The results showed that poly 
I:C markedly inhibited the proportion of CD39+Foxp3+CD4+ cells in 
mouse spleen. However, the proportion of CD73+Foxp3+CD4+ cells 
has no change (Figure 6).

Poly I:C inhibited the expression of CD39 in mouse liver

 In order to confirm the roles of CD39 and CD73 in PBC mod-
el, the mRNA and protein levels of CD39 and CD73 in liver were  

Figure 2: The proportion of CD39+ Treg cells decreased in PBMCs from 
PBC patients. PBMCs were isolated from patients and the healthy controls 
and incubated with CD4-FITC, CD25-APC, Foxp3-PE and isotype-per-
cp-cy5.5, CD39-percp-cy5.5 or CD73-percp-cy5.5 antibodies at 4°C for 20 
min. (A) PBMCs were collected and CD4+CD25+ lymphocytes were gat-
ed for the further analysis. (B) The CD4+CD25+ lymphocytes incubated 
with isotype-percp-cy5.5 antibody were used as a negative control. (C-D) 
The proportions of CD39+CD4+CD25+Fopx3+ and CD73+CD4+CD25+-
Fopx3+ cells were determined by flow cytometry. Data are shown as means 
± S.E.M. **p < 0.01 in comparison to the healthy control.

Figure 3: Poly I:C induced liver injury and inflammation in mice. For-
malin-fixed liver tissues were embedded by paraffin and sections were cut 
into 5 μm slices. The sections were deparaffinized in xylene, dehydrated in 
ethanol, rehydrated in distilled water and subjected to hematoxylin and eo-
sin (H&E). The clinical scores were evaluated as described previously with 
some modification. 0 = occasional inflammatory cells infiltration; 1= mild 
inflammation; 2 = inflammation with fibrosis. Data are shown as means ± 
S.E.M. **p < 0.01 in comparison to the normal group (n = 8).

Figure 4: The proportion of CD39+ decreased in PBMCs from the model 
mice. PBMCs from mice were incubated with CD39-PE (A) and CD73-
PE (B) antibodies at 4°C for 20 min. The proportions of CD39+ and 
CD73+ cells were determined by flow cytometry. PBMCs incubated with 
isotype-PE antibody were used as a negative control. Data are shown as 
means ± S.E.M. *p < 0.05 in comparison to the normal group (n = 8).

Table 2: poly I:C increased the concentrations of ALT, AST and GGT in 
mouse serum.

Normal (n=10) ploy I:C (n=10) P

AST(U/L) 19.65±5.2 223.5±16.5 <0.001

ALT(U/L) 20.1±3.5 264.5±24.6 <0.001

GGT(U/L) 19.54±5.2 301.2±45.6 <0.001

ALP (U/L) 35.6±6.8 51.6±10.6 0.2263
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detected by qPCR and western blot. As shown in figure 7, poly I:C 
inhibited the mRNA expression and protein of CD39 in mouse liver 
but not CD73. Furthermore, the CD8+ T cells and B cells (CD19+) 
from liver of mice treated by poly I:C were isolated by magnetic sepa-
ration with the Mini-MACS system. The proportions of CD39+CD8+ 
and CD39+CD19+ cells were determined by flow cytometry from the 
model mice and normal mice. The results showed that poly I:C treat-
ment did not alter the proportions of CD39+CD8+ and CD39+CD19+ 
cells in mouse liver (Figure 8), which indicating that the proportion of 
CD39+Foxp3+CD4+ cells may specifically decreased in PBC mouse 
liver.

Poly I:C inhibited adenosine receptor A2a level in mice liv-
er

 It is known that CD39 converts ATP into AMP, and then CD73 
dephosphorylates AMP into adenosine, which binds to adenosine 
receptors to exert immunosuppressive effects [19]. Our hypothsis is 
that the decresed population of CD39+ Treg cells in PBC mice may 
weaken immunosuppressive effects through inhibition of adenosine  
production and promote the development of PBC by reducing  

adenosine receptor signaling activation. Therefore, the levels of ade-
nosine receptor A1, A2a, A2b and A3 in mouse liver were detected by 
qPCR and western blot. As shown in figure 9, poly I:C significantly 
inhibited mRNA expression and protein of A2a in mouse liver but not 
A1, A2b and A3.

Discussion

 PBC is a chronic autoimmune cholestatic liver disease character-
ized by mild destruction of intrahepatic bile ducts and liver inflam-
mation. It may lead to cirrhosis and eventually require liver trans-
plantation. Although there have been numerous studies and clinical 
improvements in PBC, such as UDCA therapy, the pathogenesis of 
this disease is still unknown [20]. The maintenance of Treg cells in 
quantity or function is extremely important for controlling immune 
response [21]. Treg cells release immune regulators and interact with 
their target cells to inhibit lymphocyte proliferation and cytokine pro-
duction, which participate in the pathogenesis of PBC [22]. Many  

Figure 5: The proportion of CD39+CD4+ cells decreased in spleen from 
the model mice. The CD4+ cells were purified from spleen by magnetic 
separation with the Mini-MACS system. The cells were incubated with 
CD4-FITC and isotype-PE, CD39-PE or CD73-PE antibodies at 4°C for 
20 min. (A) The purified CD4+ lymphocytes from spleen was gated for 
the further analysis. (B) The proportion of CD4+ lymphocytes incubated 
with isotype-PE antibody was determined by flow cytometry and used as a 
negative control. (C-D) The proportions of CD39+CD4+ and CD73+CD4+ 
cells were determined by flow cytometry. Data are shown as means ± 
S.E.M. *p < 0.05 in comparison to the normal group (n = 8).

Figure 6: The proportion of CD39+ Treg cells decreased in spleen from 
the model mice. The CD4+ cells were purified from spleen by magnetic 
separation with the Mini-MACS system. The CD4+ cells were incubat-
ed with CD25-APC, Foxp3-FITC and isotype-PE, CD39-PE or CD73-PE 
antibodies at 4°C for 20 min. (A) The purified CD25+CD4+ lympho-
cytes from spleen was gated for the further analysis. (B) The proportion 
of CD25+Foxp3+CD4+ lymphocytes incubated with isotype-PE antibody 
was determined by flow cytometry and used as a negative control. (C-D) 
The proportions of CD39+ CD25+Foxp3+CD4+ and CD73+CD25+Fox-
p3+CD4+ cells were determined by flow cytometry. Data are shown as 
means ± S.E.M. **p < 0.01 in comparison to the normal group (n = 8).
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specific molecules expressed in Treg cells, the most important of 
which is the transcription factor Foxp3 [23]. In this study, both clin-
ical samples and animal model were used to investigate the role of 
Treg cells in the development of PBC. It was found that the propor-
tion of CD39+ Treg cells in PBMCs from patient was reduced, which 
was consistent with the results of animal model. The data suggest 
that reduced CD39+ Treg cells might offers a novel perspective in the 
pathogenesis of PBC.

 CD39 is involved in many autoimmune diseases, such as multi-
ple sclerosis, autoimmune hepatitis and autoimmune arthritis [24-
26]. It has been reported that human Treg cells with high expres-
sion CD39 is more stable and functional in inflammatory state [27]. 
Our data showed that the serum concentrations of AST, ALT, GGT 
and ALP were increased in 64 PBC patients with the proportion of 
CD39+CD4+ cells and CD39+Treg cells decreasing in patient PB-
MCs compared with the healthy controls. To confirm these results,  

we used poly I:C to induce a PBC model in mice. Consistent with the 
data from PBC patients, the concentrations of ALT, AST, and GGT in 
serum and liver inflammation were also significantly increased. Im-
portantly, we found that the proportions of CD39+CD4+ cells and 
CD39+Foxp3+CD4+ cells in spleen were decreased significantly 
in the model group compared with the normal group. These results 
strongly suggested that CD39+ Treg cells were involved in the patho-
genesis of PBC. Interestingly, little had altered in the proportion of 
CD73+CD4+ cells and CD73+ Treg cells from patient samples and 
PBC animals. So far, few study reported the roles of CD39 and CD73 
in PBC. Our study firstly suggested CD39+ Treg cell may be a key 
regulator for the pathogenesis of PBC. Indeed, CD4+ T helper cells 
are an essential part in autoimmune diseases such as PBC. It is well 
known that autoimmune diseases are characterized by imbalance be-
tween regulatory T cells and effecter T cell subsets [28,29]. It has 
been reported that CD39 expressed in monocytes, endothelial cells, 
dendritic cells and NK cells [30,31]. Few study reported the function 
and the expression level of CD39 in T help cells of PBC. However, 
Th1 or Th17 cells overactivation aggravated the development of PBC.  

Figure 7: Poly I:C inhibited the expression of CD39 in mouse liver. (A) 
Total RNA was isolated from liver and the mRNA levels of CD39 and 
CD73 were determined by qPCR. (B) Total protein was isolated from liver 
and the expression levels of CD39 and CD73 were determined by western 
blot. β-actin was used as the internal controls for qPCR and western blot 
analysis . Bands were quantified using ImageJ and normalized to β-actin. 
Data are shown as means ± S.E.M. *p < 0.05, **p < 0.01 in comparison to 
the normal group (n = 8).

Figure 8: Poly I:C treatment did not alter the proportions of CD39+CD8+ 
and CD39+CD19+ cells in liver from the model mice. The CD8+ and 
CD19+ cells were purified from liver by magnetic separation with the 
Mini-MACS system and gated for the further analysis. (A) The purified 
CD8+ cells were incubated with isotype-PE antibody and the proportion 
was determined by flow cytometry as a negative control. The purified 
CD8+ cells were incubated with CD39-PE antibody at 4°C for 20 min and 
the proportion of CD39+CD8+ cells from liver was determined by flow cy-
tometry. (B) The purified CD19+ cells were incubated with isotype-PE an-
tibody and the proportion was determined by flow cytometry as a negative 
control. The purified CD19+ cells were incubated with CD39-PE antibody 
at 4℃ for 20 min and the proportion of CD39+CD19+ cells from liver was 
determined by flow cytometry. Data are shown as means ± S.E.M. **p < 
0.01 in comparison to the normal group (n = 8).
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It has been reported that CD39 and CD161 modulated Th17 responses 
in Crohn’s disease through alterations in purinergic nucleotide-me-
diated responses [32]. The decreased population of CD39+CD4+ 
cells in our study indicated that CD39+ Th17 cells may contribute 
to the development of PBC. Therefore, the role of CD39 in helper T 
cells and contribution to pathogenesis of PBC still need to be further 
studied and explored. In addition, it was reported that CD8+ Treg 
populations from PBC patients, but not controls, have significant 
phenotypic alterations, including increased expression of CD127 and 
reduced CD39 [33]. It was also reported that both patients with PBC 
and their first-degree relatives that a deficiency of regulatory T cells 
(Tregs) was an integral component for susceptibility to PBC [34]. 
CD39 as a marker of CD8+ T cell implicated the purinergic pathway 
in the regulation of T cell exhaustion [35]. NADH oxidase-depen-
dent CD39 expression in CD8 T cells modulates interferon gamma 
responses via generation of adenosine [36]. In this study, we found 
that poly I:C treatment did not alter the proportions of CD39+CD8+ 
and CD39+CD19+ cells in liver of PBC mice, which indicated the 
importance of CD39+ Treg cells in the development of PBC.

 CD39 and CD73 are exonucleases with catalytic sites and high-
ly express on Foxp3+ Treg cells. CD39 converts ATP into ADP and 
AMP, and then CD73 dephosphorylates AMP to adenosine, which 
binds to adenosine receptors [19]. These receptors belong to G protein 
coupled receptors, including A1, A2a, A2b and A3. Interestingly, Our 
data showed that poly I:C significantly inhibited mRNA expression 
and the protein and mRNA expression of A2a in mouse liver but not 
A1, A2b and A3, suggesting that the decreased population of CD39+ 
Treg cells may reduce the content of adenosine and block adenosine 
A2a receptor signaling to weaken immunosuppressive effects. The 
A2a receptor is mainly combined with adenosine, which activates the 
downstream pathway and plays an immunosuppressive role [37]. Ad-
enosine receptors exist anti-inflammatory functions. Treg and effec-
tor T cells produce synergistic effect and secrete inhibitory cytokines 
[38]. Therefore, regulation of extracellular adenosine production by 
CD39 may be an important way for Treg cells to exert immunosup-
pressive effect.
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