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Abstract 
This work presents the preliminary data of one center study of the total activity of 

adenosine deaminase (tADA) and its isoforms (ADA1 and ADA2) in the blood plasma of 
patients with type 2 diabetes mellitus (T2DM), including cases with complication with 
arterial hypertension. As a nonspecific indicator of cellular immunity, altered serum 

tADA activity is used to evaluate diseases related to cell-mediated immune responses, it 
is considered a useful tool in the monitoring of clinical status of various diseases.  

The results demonstrated significant differences between ADA activity levels in the 

blood plasma of type 2 diabetes mellitus patients and non-diabetic relatively healthy 
controls. This difference was mainly due to an increase in the activity of the ADA2 

isoenzyme. In the peripheral blood plasma of patients with type 2 diabetes mellitus, the 

tADA (20.5 ± 0.39 U/L) and the activity of the ADA2 isoform (16.0 ± 0.75 U/L) were 
significantly higher than in non-diabetic controls (15.96 ± 0.75 U/L and 11.23 ± 0.38 U/L), 

tADA and ADA2, respectively, p < 0.0001.  
The positive correlation between tADA, ADA1 and ADA2 isoform activity was 

observed with fasting blood glucose, only among type 2 diabetes mellitus patients. 

The difference was observed between age groups in nondiabetic patients: there is 

an increase in ADA2 activity in patients older than 65 years (12.49±1.05 U/L vs. 

9.86±0.33, p < 0.0106). 
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In diabetic group the tADA, ADA1 and ADA2 isoforms activity in insulin-

dependent patients was significantly higher than in non-insulin-dependent patients, 

especially in men group the tADA activity (21.56 ± 1.85 U/L vs. 14.52 ± 1.54 U/L) was 

significantly higher, p<0.0083.  

In nondiabetic patients with hypertension the significant elevation of ADA2 

isoform activity was also observed (11.23 ± 0.38 U/L vs. 8.00 ± 0.3 U/L), p < 0.0001. 

We determined the normative range of peripheral blood plasma ADA activity in 

relatively healthy controls and proved the alteration in activity of ADA enzyme 
implication in type 2 diabetes mellitus and arterial hypertension pathogenesis.  

In conclusion, we note that the measurement of plasma ADA activity is important 

for understanding the clinical aspects of T2DM and may be useful in predicting the 
glycemic and immunological status of patients with type 2 diabetes mellitus and 
hypertension. 

 
Keywords and phrases: blood plasma, adenosine deaminase 1, adenosine 

deaminase 2, type 2 diabetes mellitus, arterial hypertension.  
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Аннотация 
В работе представлены предварительные данные исследования суммарной 

аденозиндезаминазы (tADA) и ее изоформ (ADA1 и ADA2) активности в плазме 
крови больных сахарным диабетом 2-го типа, в том числе с осложнением 
артериальной гипертонией. В качестве неспецифического маркера клеточного 

иммунитета изменение tADA в сыворотке крови используется для оценки тяжести 
заболеваний, связанных с клеточно-опосредованными иммунными реакциями, и 
считается полезным инструментом для мониторинга клинического состояния. Наши 

результаты выявили существенные различия в активности tADA в плазме крови 
больных сахарным диабетом 2-го типа и относительно здоровых лиц без диабета 

(контроль). Это возрастание активности фермента происходит, в основном, за счет 
увеличения активности изоформы ADA2.  

В плазме периферической крови больных сахарным диабетом 2-го типа 

активности tAДA (20,5 ± 0.39 U/L) и изоформы ADA2 (16,0 ± 0,75 U/L) были 
достоверно выше, чем в контрольной группе (15.96 ± 0.75U/L и 11.23 ± 0.38 U/L) для 
суммарной ADA и ADA2, соответственно, p<0,0001.  

Выявлена положительная корреляция между активностью tADA (АДА1, 
АДА2) и уровнем утренней глюкозы в крови, в группе больных диабетом в контроле 

корреляции не наблюдалось. 

mailto:el.sarkisyan@mail.ru
mailto:lizasar2001@yahoo.com


 

149 
 

Существенные различия в активности ADA наблюдалась также между 

возрастными группами в контроле: отмечается повышение активности изоформы 
ADA2 у пациентов старше 65 лет (12.49 ± 1.05 U/L) против (9.86 ± 0.33 U/L) у 

пациентов до 65 лет, p<0,0106.  
В группе пациентов с сахарным диабетом активность изоформ 

аденозиндезаминазы у инсулинозависимых пациентов была достоверно выше, чем у 

инсулинонезависимых пациентов, в особенности у мужчин активность tADA 
составляла 21.56 ± 1.85 U/L к 14.52 ± 1.54 U/L, p<0.0083. 

У пациентов с артериальной гипертонией без диабета также наблюдалось 

повышение активности изоформы ADA2 (11.23 ± 0.38 U/L к 8.00 ± 0.3 U/L), p < 
0.0001. 

Нами определен нормативный диапазон активности ADA в плазме крови 
относительно здоровых лиц, и доказана роль изменения активности фермента в 
патогенезе сахарного диабета 2-го типа с артериальной гипертонии.  

В заключение отметим, что измерение активности ADA в плазме крови важно 
для понимания клинических аспектов сахарного диабета 2 типа и может быть 
полезным для прогнозирования гликемического и иммунологического статуса 

пациентов с сахарным диабетом 2-го типа и артериальной гипертонией. 
Ключевые слова и словосочетания: плазма крови, аденозиндезаминаза 1, 

аденозиндезаминаза 2, сахарный диабет 2-го типа, артериальная гипертония  
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Introduction 

The prevalence of diabetes mellitus (DM) is increasing worldwide and it is now one 
of the leading causes of death [1]. Insulin resistance and impaired insulin secretion are the 

main physiological abnormalities associated with type 2 diabetes mellitus. Immunological 
disturbances involving the cell mediated immune system and improper T-lymphocyte 
function, also contribute to the pathophysiology of DM [2]. 

Hypertension is an important comorbidity, which presents in more than 50% of 
people with diabetes about 50% of them demonstrate insulin resistance [3, 4]. The co-
existence of diabetes and hypertension significantly increases the risk of cardiovascular 

disease [5, 6].  
In order to effectively manage diabetes and hypertension, an understanding of 

their underlying pathophysiology is important. As these two conditions commonly co-
exist, it is postulated that they share similar pathogenetic mechanisms [7]. 

An increasing amount of evidence highlights the critical role for the adenosine 

system in regulation of glucose homeostasis, the pathophysiology of diabetes mellitus, 
including both, type 1 diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM), as 
well as the associated complications [8]. This system has considered as a central player in 

some pathophysiological conditions, particularly those linked to inflammatory responses 
such as diabetes and hypertension [9]. Although several studies have revealed that DM 

and hypertension are major risk factors for complications and death from COVID-19, it is 
still unclear whose are the mechanisms related to this condition [10-11]. Evidently, much 
more research on these specific topics is required. 

The purinergic signaling pathway constitutes a ubiquitous system of cell–cell 
communication and expressed in almost every cell type [12]. The potential role of this 
system is explored in the regulation of many other biological functions such as 

inflammatory responses [13, 14]. 
While ATP acts as an excitatory neurotransmitter, adenosine (Ado), the main 

metabolite of ATP degradation, presents antagonist neuromodulatory effect acting 

primarily in neuroprotection. Extracellular ATP and its breakdown product Ado are also 
well-known mediators of inflammatory responses. ATP generally functions as a pro-

inflammatory molecule while Ado is recognized as an anti-inflammatory agent [16, 17]. 
The participation of Ado in the modulation of glucose metabolism in T1DM and 

T2DM has been proposed. Ado functions mostly as an anti-inflammatory mediator 

through binding to its cell-surface receptors, also largely expressed on immune cells [12]. 
Changes in β cell metabolism commonly cause toxicity and result in cell death by 
apoptosis or necrosis [18]. In the early stage of DM, there is an increase in pro-

inflammatory cytokines, such as TNF-α, IL-1, and IL-6 [19]. A chronic inflammatory state 
is established as the disease evolves, with the persistence of pro-inflammatory cytokines 

above normal levels, a process that may be associated with atherosclerosis in diabetic 
individuals [20]. Furthermore, immune cell infiltration triggers a releasing of pro-
inflammatory cytokines, macrophages, and T cells, all of which contribute to insulin 

resistance [21]. 
The final key component of the adenosine pathway is adenosine deaminase (ADA) 

that is present in humans in two genetically and catalytically different isoforms – ADA1 

and ADA2 and is catalyzing the irreversible deamination of (2'-deoxy) adenosine into (2'-

deoxy) inosine. The result of ADA activity is depletion of adenosine in the local 
microenvironment, limiting its immunomodulatory effects. Considering the relevance in 
the purinergic cascade, ADA1 has a more prominent role and is widely expressed in 
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intestine, thymus, spleen and other lymphoid and non-lymphoid tissues and it is also 

involved with neurotransmission [22]. ADA1 can also be expressed as an ectoenzyme on 
the surfaces of lymphocytes [23] and dendritic cells [24]. 

ADA2, with a low substrate affinity (Km for adenosine ~2 mM) is a major 

component of the tADA activity in serum or plasma and is also found in liver, and 

monocytes/macrophages in negligible amounts [25]. This isoform has a key role in the 

regulation of immune responses, can induce proliferation of T helper cells and 
macrophages and prompt the differentiation of monocytes into macrophages and dendritic 
cells [26]. ADA2 can be active at sites of inflammation during hypoxia and in areas of 

tumor growth, etc. 

Ubiquitous ADA isoenzymes are considered as suitable markers of cell-mediate 

immunity and have been used for monitoring severe diseases associated with immune 
system disorders [9, 27].  

 A number of reports are devoted to the studies of ADA in T2DM. An increase in 
the ADA activity level of, which is mainly due to ADA2 isoform, was observed in the 

blood plasma of diabetic patients compared to healthy controls. In diabetes, ADA activity 

correlated with the level of the glycated hemoglobin and other clinical parameters [28, 29]. 

 Our study showed differences in the activity of two ADA isoenzymes at T2DM. 

The normative range of ADA2 activity in peripheral blood of healthy Armenian 
population was established. We demonstrated specific sex- and age- changes in the activity 

of the ADA2 isoform in the plasma of relatively healthy subjects (controls) and patients 
with hypertension and T2DM with and without hypertension. The changes were mainly 

associated with the ADA2 isoform. Our findings demonstrated the importance of 

alterations in the АDА activity in T2DM and in patients with hypertension. Therefore, 

testing of the ADA activity may be useful in assessing the severity of the disease and the 

effectiveness of the therapy, helping in developing new approaches to the prevention and 

treatment of diabetes. 
 

Materials and methods 
Chemicals Adenosine and erythro-9-(2-hydroxy-3-nonyl)adenine (EHNA) were 

purchased from Sigma-Aldrich (St. Louis, MO, USA). The other reagents were of high 
purity degree. 

Patients The patients with type 2 diabetes mellitus (T2DM) and non-diabetic 

(NDM) (case/control study) were patients of Maralik Medical Center (Shirak, Armenia). 
Informed consent was obtained from all patients included in the investigation in 
accordance with Good Clinical Practice (GCP) standards and the WMA Declaration of 

Helsinki – Ethical Principles for Medical Research Involving Human Subjects. Patients 
with T2DM were diagnosed according to guidelines of American Diabetes Association 

[30].  
The preliminary study comprises of 359 patients (249 women and 110 men), in the 

age from 18 to 89 years, 165 (120 women and 45 men) with T2DM of different duration 

and 194 (129 women and 65 men) NDM patients, including those with hypertension, as 

controls. Individuals with any kind of infection or inflammatory diseases, which lead to 
increase in ADA activity, were excluded. The exclusion criteria were acute or chronic 
liver, kidney or cardiac diseases, malignancy, surgical operations and recovering from 

SARS-CoV-2 disease and vaccination. 
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Procedures were performed at the Maralik Medical Center. All the participants 

were examined early in the morning, fasted, having avoided caffeinated beverages, 
cigarettes and strenuous exercise since the previous evening.  

The glycemic control and counting blood cells in the Goryaev chamber were 
performed in clinical laboratory.  

Isolation of peripheral blood plasma A blood sample was taken from the 

antecubital vein in Biochemical Laboratory in Maralik Medical Centеr. Freshly obtained 

venous blood was drawn into vacuum blood collection tubes (Lind-Vac) with 3.2% 
sodium citrate anticoagulant. After centrifugation at 6000 rpm for 10 min, the supernatant, 
plasma, free of platelets, was obtained and immediately used in the assay. Stability of the 

ADA enzyme in the serum lasts 24 hours at 25°C, 7 days at 4°C and 3 months at −20°C.   
ADA assay The total ADA activity in plasma was assessed by measuring of 

ammonia, produced in the catalyzed reaction of adenosine deamination at incubation at 

37°C for 40 min of assay mixture, containing in 0.5 ml: 0.04 M K-phosphate buffer, pH 
7.0; 6 mM adenosine and an aliquot of a sample. The enzymatic reaction was stopped by 

addition per 1 ml of phenol-nitroprusside and hypochlorite reagents [30]. The intensity of 
the developed color was measured at 630 nm against blank with all the reagents, excluding 
substrate adenosine. The ammonia content was evaluated using ammonium sulfate as a 

standard. The ADA activity was expressed as μmole of produced ammonia per 1 L of 
plasma for 1 minute (U/L). ADA2 activity was obtained in identical experiment conducted 
in the presence of 0.04 mM EHNA, a selective inhibitor of ADA1. ADA1 activity was 

calculated by subtracting ADA2 activity from the total ADA activity. All samples were 
duplicated/triplicated.  

Statistical analysis The data were analyzed using GraphPad Prism 3 (GraphPad 
Prism Software Inc. San Diego, CA, USA) [31]. The results were expressed as the mean 
(M) ± standard error of the mean (SEM). The nonparametric Mann–Whitney test was used 

for statistical analysis of different biochemical parameters Spearman‘s correlation 

coefficient (r) was assessed. The differences among groups were considered as statistically 

significant when the two-tailed p values were <0.05.  

 

Results and discussion  
The preliminary study comprises 359 of T2DM cases (165) and NDM controls 

(194) which were age and sex matched (case/control). The study was carried out in 

Maralik Medical Center (Shirak, Armenia) over a period of 12 months. 
The following groups of the patients with T2DM included in this study: 1) T2DM: 

new-onset, who was diagnosed with the first manifestation of diabetes and long term 

patients; insulin-dependent diabetes mellitus (IDDM) and insulin-independent (IIDM); 
with hypertension (T2DMH) and without hypertension (T2DMNH - type 2 diabetes 

mellitus non-hypertension). Patients distributed into two groups by sex: adult women and 
men; and subgroups by age: patients from 18-65 years old (<65); adults over 65 (>65) 
years old; 2) NDM: non-diabetic patients with arterial hypertension (NDMH) and without 

(NDMNH). 
Т2DM patients studied were 73% - women, and 27% - men; IDDM - 67% women, 

33% - men. The total activity of ADA and the activities of its isoenzymes ADA1 and 

ADA2 in the blood plasma regarding the sex and age for the T2DM and NDM patients 
presented in Tables 1 and 2, respectively. 
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Table 1 ― ADA activity in type 2 diabetes mellitus patients and nondiabetic controls 

by sex and age 
Variables Age (years), 

median (range) 

 

Total ADA U/L) 
p value 

ADA1 (U/L) 
 p value 

ADA2 (U/L) 
 p value 

T2DM  patients  

(165) 

    

Women (120) 63.1 [28-85] 19.23±0.93 

 (<0.7230) 

4.42±0.4 

(<0.4646) 

16.32±0.9 

(<0.5505) 

Men (45) 60.6 [39-79] 19.93±1.43 

 (<0.7230) 

4.84±0.66 

(<0.4646) 

15.23±1.33 

(<0.5505) 

NT2DM 

controls (194) 

    

Women (129) 50.7 [18-87] 14.36±0.58 

(<0.2656) 

4.21±0.28 

(<0.3059) 

11.27±0.38 

(<0.068) 

Men (65) 48.9 [18-84] 12.87±0.64 

(<0.2656) 

3.49±0.31 

(<0.3059) 

10.1±0.58 

(<0.068) 

Patients 

<65 years  

(150) 

47.4 [18-65] 13.3±0.38 

 (<0.1057) 

4.00±0.21 

(<0.4696) 
9.86±0.33 

(<0.0106) 

Patients 

>65 years  

(44) 

71.6 [66-87] 16.03±1.29 

(<0.1057) 

4.33±0.91 

(<0.4696) 
12.49±1.05 

(<0.0106) 

Data are presented as mean ± SEM 

 

 The data in Table 1 show, that there was not differences of the ADA activity level 

between sex groups of T2DM and NDM patients. The difference observed between age 

groups in NDM patients; there is an increase in ADA2 activity in patients older than 65 

years (12.49 ± 1.05U/L vs. 9.86 ± 0.33U/L, p<0.0106), which confirmed by the literature 

data [32]. In T2DM group the age difference was not observed (data not shown). 

The comparison of ADA activity in T2DM and NDM showed that both, tADA and 

ADA2 activities in T2DM patients (20.5 ± 0.39 U/L and 16.0 ± 0.75 U/L, respectively) 
were significantly higher than in NDM controls (15.96  ± 0.75 U/L and 11.23 ± 0.38 U/L, 
tADA and ADA2, respectively), p <0.0001, Table 2, Fig. 1. There was no difference 

between T2DM and NDM patients in ADA1 activity. 
 

Table 2 ― ADA activity in plasma of T2DM and NT2DM patients with and without 

hypertension 
Patients 

 

total ADA (U/L) 

p value 

ADA1 (U/L) 

p value 

ADA2 (U/L) 

p value 

T2DM (165) 20.5±0.39 

(<0.0001) 

4.69±0.40 
(<0.3946) 

16.0±0.75 

(<0.0001) 

IDDM women (53) 
 

21.8±1.44 

 (<0.0306) 

5.11±0.64 
(<0.1008) 

18.5±1.46 

(<0.0830) 

IIDM women (67) 
 

17.61±1.25 

(<0.0306) 

3.82±0.51 
(<0.1008) 

14.65±1.17 

(<0.0830) 

IDDM men (18) 
 

21.56±1.85 

(<0.0083) 

5.41±1.1 
(<0.1738) 

16.41±1.8 
(<0.0641) 

IIDM men (27) 
 

14.52±1.54 

(<0.0083) 

3.08±0.52 
(<0.1738) 

11.81±1.41 
(<0.0641) 

  T2DMH (77) 19.44±1.1  4.80±0.5 15.56±1.17 
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 (<0.8401)  (<0.0772) (<0.9007) 

T2DMNH (88) 

 

19.03±1.04 

(<0.8401) 

3.96±0.45 

(<0.0772) 

16.22±1.2 

(<0.9007) 

NDM (194) 

 
15.96±0.75 

(<0.0001) 

3.88±0.27 

(<0.3946) 
11.23±0.38 

(<0.0001) 

NDMNH (91) 

 
11.18±0.35 

(<0.0001) 

3.51±0.20 

(<0.2310) 
8.00±0.3 

(<0.0001) 

NDMH (103) 16.02±0.61 

(<0.0001) 

4.48±0.38 

(<0.2310) 

11.94±0.53 

(<0.0001) 

 Data are presented as mean ± SEM 

 
 

 

 

Fig. 1 – ADA2 activity in blood plasma of patients with T2DM and NDM controls 

Arrows show the mean values of ADA2 activity 

 

Table 2 presented data concerning the total activity of ADA and the activities of its 
isoenzymes ADA1 and ADA2 in the blood plasma of T2DM and NDM patients, and those 
with and without hypertension. There is an increase in the activity of tADA and ADA2 in 

NDMH patients, which is higher in relation to NDMNH patients, but lower, than ADA 
activity level in all T2DM subjects, (p value is 0.0001 for ADA2 and tADA). The 
differences were observed in tADA activity level in T2DM patients between IDDM and 

IIDM groups, but in men group the tADA activity in IDDM patients was significantly 

higher, 21.56±1.85 U/L vs. 14.52±1.54 U/L, p<0.0083.         

A
D

A
2
 (

U
/L
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NDM-patients         T2DM 

11.2 

16.
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Fig. 2 – The correlation between fasting blood glucose and ADA (tADA, ADA1 and 
ADA2) activity 

 in plasma of T2DM patients 
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As presented in Fig. 2 plasma tADA (A) and ADA1 (B) and ADA2 (C) level 

showed a positive correlation with fasting plasma glucose (  = 0.3120; p < 0.0001 – 

tADA;   = 0.2005; p < 0.0136 – ADA1 and   = 0.2371; 

p <0.0032 – ADA2) level only among T2DM subjects, but no significant 
correlation was observed in NDM controls (data not shown). 

 The ADA2 activity of plasma in T2DMH patients is comparable to ADA2, 
observed in patients with T2DM. The hypertension as a complication of T2DM does not 
significantly add to ADA2 activity, Fig. 3. 

 

 
Fig. 3 – ADA2 activity in plasma of patients with T2DM, complicated with hypertension  

***p<0.0001 – between NDM and patients with T2DM with and without hypertension 
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Fig. 4 – Correlation between plasma tADA and ADA2 activity 

A – in 88 T2DMNH patients, B – in 77 T2DMH patients 

r – Spearman's correlation coefficient 

 

The comparison of correlations between tADA and ADA2 activities in plasma of 
T2DMNH (A) and T2DMH (B) patients shows, that the difference is not significant (p 
<0.0001, is the same), but Spearman coefficient - a little lower for patients with diabetes, 

complicated with arterial hypertension, Fig. 4, confirming the additional changes in ADA2 
activity in plasma of diabetic patients with hypertension (Fig. 3). 

T2DM is a multifactorial disease and characterized by deranged protein and fat and 

carbohydrate metabolism, secondary to insulin resistance [2]. The role of ADA1 in the 
cellular immunity was first identified in patients with severe combined immune deficiency 

[33]. The pathogenesis of ADA2 deficiency includes lymphoproliferation, cytopenia, and 
variable degrees of immunodeficiency, and still is poorly understood [34]. During 
inflammation, increased ADA2 activity has been found in macrophage-rich tissues and 

was considered to be a reflection of immunological disturbance observed in these severe 
diseases, making ADA2 activity a convenient marker to improve the diagnosis and follow-
up treatment of these disorders. In clinical laboratory, ADA activity detection has been 

used for diagnosing tuberculous pleural effusion and tubercular meningitis. In contrast to 
ADA1, ADA2 activity for adenosine requires high levels of adenosine and low optimum 
pH of 6.5, and it shows a weak affinity for substrate. This suggests that ADA2 expresses 

its activity only at conditions that are associated with hypoxia or inflammation [32, 34–
36].  
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As a nonspecific indicator of cellular immunity, altered serum ADA activity is used 

to evaluate diseases related to cell-mediated immune responses, and is considered a useful 
tool in the monitoring of clinical status.  

 

Conclusions 
The results demonstrated significant differences between ADA activity levels in 

the blood plasma of T2DM patients and NDM relatively healthy controls. This increase 

was mainly due to an elevation in activity of the ADA2 isoenzyme.  
The positive correlation between tADA, ADA1 and ADA2 isoforms activity was 

observed with fasting blood glucose only among T2DM patients. 

We determined the normative range of peripheral blood plasma ADA2 activity in 
NDMNH relatively healthy patients and proved the alteration in activity of ADA enzyme 
implication in T2DM and arterial hypertension pathogenesis.  

Our study revealed also the elevation of ADA2 activity with aging in NDM group 
of relatively healthy individuals, but not in T2DM patient group.  

The measurement of plasma ADA activity is important for understanding the clinical 
aspects of T2DM and may be useful in predicting the glycemic and immunological status 
of patients with type 2 diabetes mellitus and hypertension.  

 

 

Competing Interests 

None declared. 

 

Acknowledgments 
The authors gratefully acknowledge the cooperation of all the people included in 

the study. 

 

This work was supported by Armenian National Science and Education 

Fund (ANSEF), after Ervand Terzyan, ANSEF grant NS-Biochem-2565. 

 

 

References 

 
1. World Health Organization. Global report on Diabetes. Geneva: WHO; 2016. 

2. Baynest H.W. Classification, Pathophysiology, Diagnosis and Management of 
Diabetes Mellitus. J. Diabetes Metab. 2015, 6(5): 1–9. https://doi.org/10.4172/2155-
6156.1000541 

3. Sowers JR. Diabetes mellitus and vascular disease. Hypertension 2013; 
61(5):943–7.  
4. G. Lastra, S. Syed, L.R. Kurukulasuriya, et al., Type 2 diabetes mellitus and 

hypertension: an update. Endocrinol Metab Clin North Am 2013 43(1), 103–122. 
http://dx.doi.org/10.1016/j.ecl.2013.09.005. 

5. Foex P., Sear J.W. Hypertension: pathophysiology and treatment, Contin. Educ. 
Anaesth. Crit.Care Pain. 124 (7) (2004) 967–968. https://doi.org/10.1093/bjaceaccp/ 
mkh020 

6. Gheblawi M., Wang K., Viveiros A., et al. Angiotensin-converting enzyme 2: 
SARS-CoV-2 receptor and regulator of the renin-angiotensin system, Circ. Res. 126 
(10) (2020) 1456–1474, https://doi.org/10.1161/circresaha.120.317015. 

https://doi.org/10.4172/2155-6156.1000541
https://doi.org/10.4172/2155-6156.1000541
https://doi.org/10.1093/bjaceaccp/%20mkh020
https://doi.org/10.1093/bjaceaccp/%20mkh020


 

159 
 

7. Irvin MR, Booth JN, ShimboD, Lachland DT, Oparil S, Howard G, et al. 

Apparent treatment-resistant hypertension and risk for stroke, coronary heart 
disease, and all-causemortality. J Am Soc Hypertens 2014; 8:405–413. 

8. Reichert K.P., Castro M.F.V., Assmann Ch. E., Bottari N.B., Miron V.V., 
Cardoso A., Stefanello N., Morsch V.M.Melchiors, Schetinger M.R.Ch., Diabetes 

and hypertension: Pivotal involvement of purinergic signaling. Biomedicine & 

Pharmacotherapy.137 (2021) 111-273. 

9. Antonioli L, Blandizzi C, Csóka B, Pacher P & Haskó G. Adenosine signalling in 

diabetes mellitus—pathophysiology and therapeutic considerations. Nature Reviews 

Endocrinology 2015; 11(4):228–241. 

10. Huang I., Lim M.A., Pranata R. Diabetes mellitus is associated with increased 
mortality and severity of disease in COVID-19 pneumonia – a systematic review, 
meta-analysis, and meta-regression: diabetes and COVID-19, Diabetes Metab. 

Syndr. Clin. Res. Rev. 14 (4) (2020) 395–403.  https://doi.org/10.1016/j.dsx.2020. 
04.018 
11. G. Lippi, J. Wong, B.M. Henry. Hypertension in patients with coronavirus 

disease, 2019 (COVID-19): a pooled analysis. Polish Arch. Intern. Med. 2020 130 
(4), 304–309. https://doi.org/10.20452/pamw.15272 
13.  Burnstock G. Introduction to Purinergic Signaling. Methods Mol Biol. 2020,  
2041:1-15. doi: 10.1007/978-1-4939-9717-6_1.  

14. Di Virgilio F., Vuerich M., Purinergic signaling in the immune system. Auton. 
Neurosci. Basic Clin. 2015, 191, 117–123. https://doi.org/10.1016/j.autneu.2015.04. 

011. 
15. Burnstock G., Novak I. Purinergic signalling and diabetes, Purinergic Signal 
2013. 9(3), 307–324. https://doi.org/10.1007/s11302-013-9359-2. 

16. Cunha R.A., Neuroprotection by adenosine in the brain: from A1 receptor 
activation to A2A receptor blockade. Purinergic Signal. 2005, 139 (6) 1019–1055. 
https://doi.org/10.1007/s11302-005-0649-1 

17. Sullivan G.W. Adenosine A2A receptor agonists as anti-inflammatory agents. 
Curr. Opin. Investig. Drugs 2003, 4:1313–1319. 
18. Weir G.C., Gaglia J., Bonner-Weir Joslin S. Inadequate β-cell mass is essential 

for the pathogenesis of type 2 diabetes. Lancet Diabetes Endocrinol. 2020.  8(3): 
249–256. doi:10.1016/S2213-8587(20)30022-X. 

19. Waris N, Bano S, Fawwad A, Nazim U, Basit A. Association of IL-6 & IL-1β 

(pro-inflammatory cytokines) and related biochemical indexes in newly diagnosed 
diabetics subjected to glucose tolerance test. Pak J Pharm Sci. 2021, 34(1):9-14. 

20. Hayaishi-Okano R., Yamasaki Y., Katakami N., Ohtoshi K., et al. Elevated C-
reactive protein associates with early-stage carotid atherosclerosis in young subjects 
with type 1 diabetes, Diabetes Care 2002, 25(8):1432–1438. https://doi.org/ 

10.2337/diacare.25.8.1432 
21. Hara K., Ueki K., Sugiura S., Yoshimura K., Kadowaki T., Nagai R. CD8

+
 

effector T cells contribute to macrophage recruitment and adipose tissue 
inflammation in obesity, Nat. Med. 2009, 15(8): 914–920. https://doi.org/10.1038/ 
nm.1964 

22. Bradford KL, Moretti FA, Carbonaro-Sarracino DA, Gaspar HB, Kohn DB. 

Adenosine Deaminase (ADA)-Deficient Severe Combined Immune Deficiency 

https://doi.org/10.1016/j.dsx.2020
https://doi.org/10.20452/pamw.15272
https://pubmed.ncbi.nlm.nih.gov/31646477/
https://doi.org/10.1016/j.autneu.2015.04
https://doi.org/10.1007/s11302-005-0649-1
https://pubmed.ncbi.nlm.nih.gov/34247997/
https://pubmed.ncbi.nlm.nih.gov/34247997/
https://pubmed.ncbi.nlm.nih.gov/34247997/
https://doi.org/%2010.2337/diacare.25.8.1432
https://doi.org/%2010.2337/diacare.25.8.1432
https://doi.org/10.1038/%20nm.1964
https://doi.org/10.1038/%20nm.1964
https://pubmed.ncbi.nlm.nih.gov/28842866/


 

160 
 

(SCID): Molecular Pathogenesis and Clinical Manifestations. J Clin Immunol. 

2017, 37(7):626-637. doi: 10.1007/s10875-017-0433-3  

23. Moreno E., Canet J., Gracia E., Lluís C., Mallol J., Canela E.I., Cortés A., 

Casadó V. Molecular Evidence of Adenosine Deaminase Linking Adenosine A2A 
Receptor and CD26 Proteins. Front Pharmacol 2018, 9, 106. 
24. Kaljas Y., Liu, C., Skaldin M., Wu C., Zhou Q., Lu, Y., Aksentijevich, I., 

Zavialov A.V. Human adenosine deaminases ADA1 and ADA2 bind to different 
subsets of immune cells. Cell. Mol. Life Sci. 2017, 74, 555–570. 
25. Ungerer J P, Oosthuizen HM, Bissbort SH, Vermaak WJ. Serum adenosine 

deaminase: isoenzymes and diagnostic application. Clin Chem 1992, 38:1322–
1326. 

26. Zavialov AV, Gracia E, Glaichenhaus N, Franco R, Zavialov AV, Lauvau G. 
Human adenosine deaminase 2 induces differentiation of monocytes into 
macrophages and stimulates proliferation of T helper cells and macrophages. J 

Leukoc Biol 2010, 88:279-290. 
27. Moens L, Hershfield M, Arts K, Aksentijevich I & Meyts I. Human adenosine 
deaminase 2 deficiency: A multi-faceted inborn error of immunity. Immunological 

Reviews 2018; 287(1): 62–72. 
28. T. Hoshino, K. Yamada, K. Masuoka et al., Elevated adenosine deaminase 

activity in the serum of patients with diabetes mellitus. Diabetes Research and 
Clinical Practice 1994 25(2), 97–102. 
29. Pinnelli V.B., et al. Elevated levels of serum adenosine deaminase in type 2 

diabetes mellitus patients. International Journal of Research in Medical Sciences Int 
J Res Med Sci. 2016 4(1):131-134. 
30. World Medical Association, Declaration of Helsinki, Ethical Principles for 

Medical Research Involving Human Subjects. (59th WMA General Assembly, 
Seoul), October 2008 
31. Leatherbarrow R J. Gra Fit Version 5, Erithacus Software Ltd, Horley, UK. 

2001. 
32. Gao Z-W,Wang X, Lin F, et al. Ann Rheum Dis. E-pub ahead of print. 

doi:10.1136/annrheumdis-2020-217007 
33. Buckley RH, Schiff RI, Schiff SE, Markert ML, Williams LW, Harville TO et 
al.  Human Severe Combined Immunodeficiency: Genetic, Phenotypic, and 

Functional Diversity in One Hundred Eight Infants. J. Pediatr. 1997, 130:378–387. 
34. Morel PA. Dendritic cells subsets in type I diabetes: friend or foe? 
Front.Immunol 2013, 4, 415. 
35. Andreasyan NA, Hairapetian HL, Sargisova YG, Mardanyan SS, Badalyan LT, 

Khanoyan AS. Activity of adenosine deaminase and its isoforms in pleural fluid in 

tuberculous pleuritis. Med Sci Monit 2002, 8(10):CR708-12. 
36. Gao ZW, Zhao GH, Zhang Z, Huang J, Li ZY, Zhang HZ, Dong K. Serum 

adenosine deaminase activity is increased in systemic lupus erythematosus patients 
and correlated with disease activity. Immunol Res 2018, 66(2): 299-304. Immunol 

Res 2018, 66(2): 299-304. 

  

https://pubmed.ncbi.nlm.nih.gov/28842866/
https://pubmed.ncbi.nlm.nih.gov/12388924/
https://pubmed.ncbi.nlm.nih.gov/12388924/
https://pubmed.ncbi.nlm.nih.gov/29376206/
https://pubmed.ncbi.nlm.nih.gov/29376206/
https://pubmed.ncbi.nlm.nih.gov/29376206/

