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ABSTRACT

Background: Type Il diabetes mellitus (T2D) is one of the most common chronic metabolic diseases. It is
associated with a state of chronic inflammation resulting in both microvascular and macrovascular
complications. The adinosinergic axis plays an important anti-inflammatory protective role through conversion
of ATP (produced as a result of inflammation) into adenosine (a potent anti-inflammatory mediator) through
CD39 and CD73. Various peripheral blood leucocytes hold CD39 and CD73 with different degrees.

Objective: To determine the expression of CD73 and CD39 on different peripheral blood leukocytes including
Treg cells to uncover their inflammatory modulation role in T2D subjects in comparison to normal control
ones. The level of their expression will be correlated with various anthropometric and biochemical parameters
in diabetic patients.

Materials and Methods: Venous blood was collected on EDTA anticoagulated tubes from 45 T2D patients;
15 with early T2D and 30 with complicated T2D with both microvascular and macrovascular complications.
Twenty-five normal subjects, with no family history of T2D, were included. Immunophenotyping of the
samples were performed on Navios Flow cytometer (Coulter Electronics, USA), using phycoerythrin (PE)-
labelled CD39 antibodies, fluorescein isothiocyanate (FITC)-labelled CD4 antibodies, peridinin-chlorophyll-
protein complex: CY5.5 conjugate (PerCP-CY5.5)-labelled CD73 and allophycocyanin conjugate (APC)-
labelled CD25.

Results: CD39 expression was highest in early cases of T2D in comparison to least expression in complicated
T2D on peripheral blood total lymphocytes, CD4+ lymphocytes and CD4+CD25+ lymphocytes.

Conclusions: The increased expression of CD39 in early non-complicated cases of T2D indicates a state of
low-level chronic inflammation owing to their role in production of adenosine; a potent anti-inflammatory
mediator. This is reversed when CD39 expression in peripheral blood leucocytes is assessed in complicated
T2D patients, which emphasise their role in protecting the patients from diabetic complications.
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INTRODUCTION the pathogenesis of obesity-induced insulin

Diabetes mellitus is a disorder of glucose resistance, the metabolic syndrome and T2D. In

metabolism characterized by a state of chronic
hyperglycemia. It is caused by deficiency in insulin
secretion, abnormal insulin action or both. It is a
systemic disorder causing damage and dysfunction
of multiple organs ™.

There are two main pathological
abnormalities in these patients. First, the insulin
resistance which is a decline in the effect of insulin
on the peripheral tissue, which is believed to be the
primarily defect in T2D. Second, beta cell
dysfunction which is a decrease in insulin synthesis
in the pancrease making it unable to overcome the
peripheral insulin resistance, thus there is a relative
deficiency of insulin early in the disease and
absolute insulin deficiency later on ®. T2D is a
multifactorial disorder in which both insulin
resistance and beta cell dysfunction are influenced
by multiple environmental and genetic factors ©.

Chronic  low-grade inflammation and
activation of the immune cells are main factors in

4746

Received:25/5/2018
Accepted:4/6/2018

fact, in T2D there is infiltration of the liver,
muscle, pancreas and adipose tissue by
macrophages and other immune cells with switch
of the profiles of these cells from an anti-
inflammatory phenotype to a pro-inflammatory
phenotype. The pro-inflammatory phenotype
contributes to the pathogenesis of T2D by
producing cytokines that causes inhibition of
insulin signalling in the peripheral tissues and
induction of p-cell dysfunction .

Diabetes mellitus is complicated by both
acute and chronic complications. Chronic
complications of diabetes can be both
microvascular (retinopathy, nephropathy and
neuropathy) and macrovascular (atherosclerosis,
coronary artery disease, diabetic foot and stroke)
complications.

Extracellular nucleotides, such as ATP, are
important signalling molecules involved in many
biological processes. Under basal conditions
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extracellular concentrations of ATP are maintained
at low levels. Endogenous regulation of ATP
concentration is mediated by CD39 and CD73,
which hydrolyze ATP to adenosine which is a
potent anti-inflammatory mediator. Both CD39 and
CD73 expressions are dynamic and change under
pathophysiological conditions (Fig. 1).
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Fig. (1): Cell-mediated anti-inflammation through
CD73/ adenosine ©.

AIM OF THE WORK

This work aims to determine the
expression of CD73 and CD39 on different
peripheral blood leukocytes including Treg cells to
uncover their inflammatory modulation role in T2D
subjects in comparison to normal control ones. The
level of their expression will be correlated with
various  anthropometric  and biochemical
parameters in diabetic patients.

PATIENTS AND METHODS

This study was conducted on 45 patients
with T2D recruited from outpatient clinics of Ain
Shams University Hospitals. They were 24 males
and 21 females (M: F was 1.14:1), their ages
ranged from 33 to 74 years with (Median [IQR], 57
[53.5-65]).

They were further divided into: Fifteen
patients with uncomplicated, recently diagnosed
(<5 years duration) T2D. They were 7 males and 8
females (M: F was 1:1.14) whose ages ranged from
33 to 72 years (Median [IQR], 55 [53-70]). Thirty
patients with complicated T2D; 15 patients with
macrovascular complications (myocardial
infarctions, strokes and diabetic foot) and 15
patients  microvascular ~ with  complications
(retinopathy, nephropathy and neuropathy) who
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were 17 male and 13 female with M:F was 1.3:1.
Their ages ranged from 49 to 74 years (Median
[IQR], 59.5 [56.5-64.5]).

A control group of 25 age and sex matched
healthy adults, with no family history of diabetes,
was included. They were 9 male and 16 female
with M:F 1:1.77. Their ages ranged from 24 to 49
years (Median [IQR], 55 [28-38]).

Sampling: Two milliliters of venous blood
were collected on EDTA (K;EDTA) anticoagulated
tube (with concentration of 1.2 mg of the
anhydrous salt per ml of blood) for
immunophenotyping.

Laboratory tests: Immunophenotyping of
peripheral blood (PB) samples were performed on
Navios Flow cytometer (Coulter Electronics,USA),
using  phycoerythrin  (PE)-labelled  CD39
antibodies, fluorescein isothiocyanate (FITC)-
labelled CD4 antibodies, peridinin-chlorophyll-
protein complex: CY5.5 conjugate (PerCP-CY5.5)-
labelled CD73 and allophycocyanin conjugate
(APC)-labelled CD25.

Statistical methods: IBM SPSS statistics
(V. 24.0, IBM Corp., USA, 2016) was used for
data analysis. Date was expressed as median and
percentiles  for  quantitative  non-parametric
measures. The following tests were done:
Comparison between two independent groups for
non-parametric data using Wilcoxon Rank Sum
test. Comparison between more than 2 patient
groups for non-parametric data using Kruskall
Wallis test. Ranked Sperman correlation test to
study the possible association between each two
variables among each group for non-parameteric
data. The probability of error at 0.05 was
considered significant, while at 0.01 and 0.001
were considered highly significant.

Ethical and approval statements: The study
was approved by the Ethics Board of Ain Shams
University and an informed written consent was
taken from each participant in the study.

RESULTS

This study was conducted on 45 T2D
patients. They were 24 male and 21 female, with
M: F ratio 1.14:1. Their ages ranged from 33 to 74
years with (Median [IQR], 57 [53.5-65]). A control
group of 25 age and sex matched healthy adults,
with no family history of diabetes, was included.
They were 9 male and 16 female with M: F 1:1.77.
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Their ages ranged from 24 to 49 years (Median
[IQR], 55 [28-38]).

On total lymphocytes, CD39 expression
was highest in the early cases and lowest in
complicated cases (p <0.05). In contrast, CD73
expression was comparable among early and
complicated cases, and healthy controls (p >0.05).
Co-expression of CD73 and CD39 was higher in
early cases and lower in complicated cases
(p<0.05). Absence of both CD39 and CD73 was
significantly detected in complicated cases (P=0)
(Table 1, Fig. 2).

Table (1): Comparison of CD39 and CD73
expression on peripheral blood lymphocytes among
healthy subjects, early and complicated T2D patients.

; p
N [Median| IQR a b c d
Healthy 9.7-
Subjects 2| 115 13.65
CD39% EarlyCases |15 | 161 | ‘5% |0002/0.045] 0 | 0
Complicated 8.375-
Cases 80| 103 11.6
Healthy
Subjects 25 1 0.4-2.15
CD73% Early Cases | 15| 0.7 |0.2-1.8 | 0.52 | 0.26 |0.744| 0.52
Complicated 0.175-
Cases 80| 075 1.475
Healthy
Subjects 25| 41 |2.85-6.6
CD39CDT3 ey cases | 15| 54 | 4.5-6.8 |0.099|0.279 | 0.014|0.042
Coexpression
Complicated 2.575-
Cases 301 3585 5.85
Healthy 79.3-
subjects | 2> | 819 | g5g5
CD39CD73 75.7-
| N Early Cases | 15 | 78.2 814 0.016|0.035| 0 0
Complicated 82.625-
Cases 30| 84.95 86.65

a= Control Vs Early, b= Control Vs Complicated, c= Early Vs
Complicated, d=Control Vs Early Vs Complicated, n=Number,
IQR=Interquartile Range, p= Probability of Error.
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Fig. (2): Comparison of CD39 and CD73 expression on

peripheral blood lymphocytes among healthy subjects,

early and complicated T2D patients.

Lymphocytes were also gated based on
their expression of CD4, where CD4+ cells showed
high expression of CD39 in early cases in
comparison to lower expression in healthy subjects

and complicated cases (p <0.05). On the other
hand, CD73 showed similar expression among the
three groups (p >0.05). Co-expression of CD39 and
CD73 was highest in early cases, moderate in
healthy subjects and lowest in complicated cases (p
<0.05). The absence of the two markers was
significantly detected in the complicated cases (p
<0.05) (Table 2, Fig. 3 & 4).

Table (2): Comparison of CD39 and CD73
expression  on  peripheral  blood CD4+
Lymphocytes among healthy subjects, early and
complicated T2D patients.

N Median IQR P
a b c d
Healthy
Subjeos 25 | 108 7.55-12.65
CD39% Early Cases | 15 17 154199 | 0 [001| 0 | ©
Complicated
o 30 | 735 | 4325-10575
Healthy
Subjoris 25 0.6 0.25-1.05
cD73% Early Cases | 15 0.6 01-17  |0.9550.4660.346 0.613
Complicated | 55 | g5 0.1-1.15
Cases
Healthy
Subjects 25 0.9 0.45-1.6
€D39CD73
Coexpression | Early Cases | 15 2.7 154 [0.0010.008 0 | 0
Complicated | 4, 0.4 0.2-0.925
Cases
Healthy 25 | 875 83.5-91.45
Subjects
CD3ICOT3 | EartyCases | 15 | 784 752822 | 0 0005 0 | 0
Complicated | 3, | g5 15 88-94.55
Cases
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a= Control Vs Early, b= Control Vs Complicated, c= Early Vs
Complicated, d=Control Vs Early Vs Complicated, n=Number,
IQR=Interquartile Range, p= Probability of Error.
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Fig. (3): Flowcytometry graph for (A) Lymphocytes
gating based on expression of CD4,(B) CD39 and CD73
expression on CD4+ lymphocytes in Control subject,
(C) Early T2D and (D) Complicated T2D patients.
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expression of CD25 giving rise to high, moderate and

e CRA+ LYMPHBCYTES S low expression of CD25 cells.
- Expression of CD39 in CD4+CD25+Low,
- CD4+CD25+Moderate and CD4+CD25+ High Treg
: ] cells was high in the early diabetic patients versus
W 108 e . low expression in the complicated diabetic patients (p
PO koo —_— a—— <0.05). On the contrary, CD73 expression on these
e e e rnmenER cells was similar among the three groups (p >0.05).
MHealthy Sublects  MEwlyTID M Comiicated T20 Co-expression of CD39 and CD73 was significally

high in early and complicated T2D patients in all
three subpopulations of CD4+CD25+ cells (p <0.05).
subjects, early and complicated T2D patients. Absenf:e of the twc_) markers was noticed in the

complicated cases in comparison to early T2D

As recent evidence has shown the involvement . . -
<
of CD39 and CD73 n the functional role of Treg, CD&+ gzjlél)ents and healthy subjects (p <0.05) (Table 3, Fig.

lymphocytes were further gated based on the degree of

Fig. (4): Comparison of CD39 and CD73 expression on
peripheral blood CD4+ Lymphocytes among healthy

Table 3: Comparison of CD39 and CD73 expression on peripheral blood CD4+CD25+ (Low, Moderate and
High) Tregs among healthy subjects, early and complicated T2D patients

CD4+CD25+Low CD4+CD25+Moderate CD4+CD25+ High
n p p
M IQR a b c d M IR a b c d M IQR a b c d
Healthy
Subjects 25| 91 | 725148 346 23.95-475 613 | 40.85-72.05
CD39% E:’S'eys 15| 118 | 107-169 | 0.099 | 0006 | 0 0 | @3 309-51.3 0314 | 0008 | ©0 | 0001 | 60 | 50-733 09 | 0003 | 0.016 | 0.004
ggs";'s’"ca”d 30| 695 | 35585 22 | 12575-3225 323 | 10.7554.87
Healthy
Subjects 25| 22 | 135485 0 032 0 0
cD73% Early Cases 5] 16 0466 | 0845 | 0305 | 0586 |0595| 0 026 0872 | 0932 | 0841 | 0977 | 0 0 0.267 | 0307 | 0.098 | 0.188
Complicated
Pl 30| 18 | 105372 0 0-1.9 0 0
Healthy Subjects 25| 15 | 075265 38 011 125 | 02085
gigcrzzjon Ea"yfastesd 15 21 158 0123 | 0.013 0 0 9.5 3.4-134 0.026 | 0.023 0 o [[B6| 67417 | 5031 | 0005 0 0
P Complicate 30| 055 0-1.325 0 0-1.75 0 0-8.22
Healthy Subjects 25| 848 | 79.3589.85 543 473692 %5 | 955472
ﬁsﬁgcms (E:arrlnyﬁas;esd 15] 786 | 747855 | 0044 | oo | o o | 435 34.6-58.8 o004 | 0001 | o o |107 0-20 0043 | oot | o 0
Pl 30| 9025 | 88.1-93.27 764 | 65.875-85975 66.7 | 254-73.72

a= Control Vs Early, b= Control Vs Complicated, c= Early Vs Complicated, d=Control Vs Early Vs Complicated, n=Number,
IQR=Interquartile Range, p= Probability of Error.
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Fig. (5): Flowcytometry graph for (A) CD4+ lymphocytes gating based patients.

on degree of expression of CD25 giving rise to low [D], moderate [E] and
high [F] expression of CD25 cells. (B) flowcytometry graph for CD39 and
CD73 expression on CD4+CD25+H.ow, (C) CD4+CD25+Moderate
and (D) CD4+CD25+ High inearly T2D patient
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CO4+C025+MODERATE LYMPHOCYTES

Fig. (7): Comparison of CD39 and CD73 expression on
peripheral blood CD4+CD25+ Moderate Lymphocytes
among healthy subjects, early and complicated T2D
patients.

COA+CD25+HIGH LYMPHOCYTES

Fig. (8): Comparison of CD39 and CD73 expression on
peripheral blood CD4+CD25+ High Lymphocytes among
healthy subjects, early and complicated T2D patients.

A negative correlation was found between
the expression of CD39 and duration of the disease,
level of HbAlc and triglycerides in several cell
types. Moreover, CD39 expression on neutrophils
was positively correlated with BMI. In addition,
positive correlation was found between CD73
expression and level of HbAL1C and LDL.

DISCUSSION

In our study we found that there is an
increase in CD39 expression on total lymphocytes
(Table 1, Fig. 2), CD4+ lymphocytes (Table 2,
Fig. 3&4), CD4+CD25+ lymphocytes
subpopulations (CD4+CD25+9"
CD4+CD25+"°%" % and CD4+CD25+""") (Table
3, Fig. 5-8) in early cases of T2D compared to
complicated cases and healthy subjects.
Meanwhile, CD73 showed comparable expression
on these cells among early and complicated T2D
patients and healthy controls.

Our findings agreed with the study by
Guzman-Flores et al. ©® who also detected CD39
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expression on CD4+ cells in non-complicated cases
of T2D giving same results of increased expression
of CD39 and decrease expression of CD73.

Garcia-Hernandez et al. " also reported an
increase in the level of expression and function of
CD39 in early T2D patients, which represent high
numbers of activated cells contributing to a low-
level chronic inflammation specific to these
patients. Thus, high expression of CD39 in
peripheral blood mononuclear cells might be seen
as a marker of chronically activated immune cells.

Knowing that CD39 and CD73 share in
metabolizing ATP to adenosine ©, the difference in
expression between the two markers seems
contradictory. However, a soluble form of human CD73
has been described ©. Treg cells secrete exosomes
expressing CD73 contributing to their suppressive
activity “. Moreover, it was reported that CD73 is
expressed more widely in the intracellular environment
@) Therefore, low levels of expression of CD73 in
diabetic patients could be attributed to its presence in a
secretory particle or intracellular form.

As was mentioned before, both CD39 and
CD73 are expressed in Treg cells @, therefore we
studied the expression of these markers in
CD4+CD25+"™" ~ CD4+  CD25+Y*™  and
CD4+CD25+*" lymphocytes. High expression of
CD39 coupled with low expression of CD73 was found,
in the three Tregs lymphocyte subpopulations, among
the early, non-complicated diabetic patients in contrast
to the healthy subjects who were found to have less
degree of expression of CD39 on these cells. It was
previously reported that CD4+CD25+""CD39+ cells
have a regulatory phenotype **.

These results were in accordance with
Guzman-Flores et al. © who also reported higher
expression of CD39 coupled with low expression of
CD73 on the three Tregs lymphocyte subsets in non-
complicated diabetic patients in contrast to healthy
subjects.

Taking in consideration the role of adenosine as
an anti-inflammatory mediator, it can be considered as a
protective factor in the progression of diabetes and its
complications. So in order to evaluate this role we
compared the expression of CD39 and CD73 in
complicated long standing T2D to early T2D and healthy
subjects. We found that there was a decrease in the degree
of expression of CD39 and CD73 in the complicated
cases in comparison to early cases and healthy subjects on
total lymphocytes (Table 1, Fig. 2), CD4+ lymphocytes
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(Table 2, Fig. 3 & 4), CD4+CD25+ lymphocytes
subpopulations (Table 3, Fig. 5-8).

These results can be verified and supported
by various animal experiments highlighting the
protective role of adenosine, which was cancelled
upon using an antagonist or by genetic deletion.

For example, an experiment done on murine
model of thromboplastin-induced thromboembolism
revealed decrease in mortality upon treatment of the
murine model with CD39 in liposomal formulations
@3 In addition, transgenic expression of CD39
reduced infarct size in a swine model of myocardial
ischemia/reperfusion injury 2.

The equilibrium of extracellular ATP
metabolism on the endothelium controls the
inflammatory state of the surrounding environment
@9, This decrease ADP concentration (a platelet
activator) and produce adenosine, a powerful,
locally acting inhibitor of platelet reactivity ™.
The action of CD39 in the metabolism of ATP and
ADP into AMP make it a major promoter of
platelet inhibition and significantly reduce or even
abolish platelet aggregation and recruitment “©.

To reveal the functional role for CD73
during diabetic nephropathy, a study was
conducted on CD73— mice by inducing diabetes
mellitus  with  streptozotocin  treatment. In
CD73—mice, a more severe degree of renal
dysfunction (as evaluated by measurements of
glomerular filtration rate and albuminuria), low
transcript levels of renal nephrin (a protein
essential for the appropriate function of the renal
filtration barrier) " increase of inflammatory
markers and more severe histologic tissue injury
was found “®. Taking together, the important
protective role of extracellular adenosine during
diabetic nephropathy is highlighted.

In our study when we correlated the levels
of CD39 and CD73 expression and various
anthropometric and biochemical parameters. We
found that there was a negative correlation between
CD39 expression level and duration of the disease,
level of HbAlc and triglyceride. This support the
concept that with longstanding diabetes and poor
control the protective role of adenosine produced
from CD39/CD73 axis is decreased favoring the
progression of diabetic complications. This
correlation became positive when it was tested
against BMI, which was in accordance with the
study done by Guzman-Flores et al. ® who found
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positive correlation between level of CD39
expression and age and BMI.
Future challenges will include the

translation of these findings from bench to bedside.
Particularly, it will be critical to move forward with
A2b agonist treatment in human disease conditions.
The limitation to the therapeutic use of adenosine
and its agonists is due to its systemic side effects,
such as hypotension, bradycardia, and sedation ™.

CONCLUSION

The increased expression of CD39 coupled
with decreased expression of CD73 on peripheral blood
lymphocytes (total lymphocytes, CD4+ lymphocytes
and CD4+CD25+HighTregs) in early non-complicated
cases of T2D indicates a state of low-level chronic
inflammation owing to their role in production of
adenosine; a potent anti-inflammatory mediator. This is
reversed when CD39 and CD73 expression in
peripheral blood leucocytes is assessed in complicated
T2D patients, which emphasise their role in protecting
the patients from diabetic complications.
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