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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 (ADAL and ADAZ2) 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 ADAZ2, respectively, p < 0.0001.

The positive correlation between tADA, ADAL and ADA? 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, ADAl 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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Cwdwnnunwghp

Uotuwwnwupnud - ubpywjwgdwsé £ punhwunyp  wnbunghuntwdhuwgh
(tADA) W npw hgnaubiph (ADAT U ADA2) wlywnpynipjwu dwlwpnwlubiph
nwnuuwuphpnpjwt  Uwputwywu  wnjwiubpp 2-pn whwyh  wpwpwhu
nhwptinny (G hhduunubipph, ubpwnw| qupybpwywiht hhwbpnnuhwing
hhqwunubph wpjwu wjwqunu:

Npwbu peowjhti hdniwhwnbinh ng uwbighdhly gnighy wpjw wywquwnud
tADA-h wywnhynipjniutl ogunwgnpdynid £ poowihu dhounpnuynpywsd hdntuwht
wwuwnwuluwuubipph htwn Yuwwyywsd hhjuunnieniuttipp quwhwwnbiine hwdwn, wju
hwdwpynwd £ oquwlwp gnpdhp wnwppbp hpjwunnigniuubph Yihupyuywu
Ywpgquyhtwyh dnuhenphugh hwdwp:
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Upryntupubipp gnyg wnybtight qqwih wwppbipnipiniuutip tADA-h U npw
hgnaubtiph (ADA1 L ADA2) wlyuinhynipjwt dwwpnwlyubph dhol 2-pn tnhwyh G4
hphuunubph L hwdbdwwnwpwp wnnng, ns nhwpbwhy dwpnywug (npwbu
uinnighs  funwdp) wpwtu wwqdwind: - Wn ginthnfunyegniup - hhduwuwunwd
wwjdwuwynpyws Ep ADA2 hgndbtipdGunh wynmhynyejw pwpdpwgdwdp:

2-pn mhwh GV hhdwunubiph dwjpwdwuwiht wpwu wuwgqdwjnd tADA-h
wywnhynieyniup (20,5 £ 0.39 U/L) W ADA2 hgndbipdtiuinh wywmhynieniup (16,0 £
0,75 U/L) qquihnptu wybiih pwpép Gu tnb|, pwu ny &F hhjwunubph dnuin (tADA
W ADA2, hwdwwwwwufuwuwpwp' 15.96 + 0.75U/L L 11.23 + 0.38 UL, p
<0.0001):

“Hundb) £ bwl npulwu tADA, ADAL L ADA2 wlywhynipjuu b pwngwd
ypdwynwd npnadwd wpjwu gyniyngh dwlwpnwyh dhol dhwju &+ hhjwunubiph
dnuwn:

tADA ptipdtunh wywmhynigjwt bwlwu nmwppbipnuyejniutip Gu ulunyby
Uwl unnighs wnwphpwihu fudptiph dhol' 65 wnwpblywuhg pwpép fudph dnuin
tntp t ADA2 hgndbpdbunp wywhdnipjwu wéd (12,49 + 1,05 UL), h
nwppbpnienu 65 tnwpblwuhg gwdp fudpp (9.86 + 0,33 U/L), p <0,0106):

Lwwnlwiowlhwu £, np T fudpnid ADA hgndbtipdGunubiph wyinphynieyniutu
huunyhuwfujw hhjwunutph dnuin qquihnptiu wybh pwpép £ Gnb, pwu ny
huunyhuwliywy hpdwunubph, hwunjwwbu'  wnwdwpnuug dnn. tADA
wywnphyniejniut bnk £ 21.56 +1.85 U/L vs. 14.52 £ 1.54 U/L, p<0.0083:

<hwbpunnupwiny ny nhwpbwhy hhjwunubph dnn bu uluwnyb £ ADA2
hgn$bpdbunph  wywnpynpjwu qquip pwpépwgnd® 11.23 £ 0.38 UL, h
nwnpbpnipniu hwdbdwwnwpwp wnnne dwpnyuwug' 8.00 + 0.3 U/L, p <0,0001:

Ugtuwwnwuph wpryniupnd npnayt; £ hwdbdwwnwpwp wnnng dwpnuwug
Swipwdwuwjht wnwb wywgdwnud ADA dbpdGunh wlnhyniejuu uwfutwywu
unpdwwhy whpnyep U wuwwgnigyliy 2-pn. whwh S-h L quipytipwluwh
hhwbGpwnuhwjp wwengbiubignid ADA dbpdtuwnp wywnhyniejwu
thnthnfunieniuutipp: Ggpwthwybing Ywpbh £ ugk), np wpjwu wyjwgdwih ADA-h
wywnphynpgwt npngnudp - Yuplbnp - £ 2-pn whwh S Yihuplulw
hwjtigwybwnbpp hwuywuwnt hwdwp W Ywpnn £ oguwlwp (hub| 2-pn inhwhp
Chnd W  hhwybpunnupwnd hhdwunubph  qytdpy W pdniuninghwywu
Ywpqwyhdwyp npnotint hwdwn:

Pwuwh pwnbp U  pwnwliwuwywlgnpynibubp' wpuwt  wwgqdw,

wnbunghuntwdhuwgq 1, wnbunghuntwdhuwgqg 2, swpwpwjht nhwpbn 2-pn
whw, qupytipwluwiht hhwtipnnuhu:
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AHHOTALUA

B pabote mpencraBieHbI IpeABapHUTENBHBIC JaHHBIC HCCICIOBAHHUS CyMMapHOM
aneHosuHae3amMuHasel (tADA) u ee mzopopm (ADA1 u ADA2) akTHBHOCTH B IIIazme
KpOBH OONBHBIX CaxapHBIM AHa0eToM 2-TO0 THIA, B TOM YHCIEC C OCJIOXHECHHEM
aprepuaibHON THUIepTOHMEW. B KkauecTBe Hecmenm(UUeckoro Mapkepa KIETOYHOTO
UMMYHHTETa u3MeHeHne tADA B CBIBOPOTKE KPOBHU HCIIONB3YETCS UIS OLIEHKH THKECTH
3a00JI€BaHUM, CBS3aHHBIX C KJIETOYHO-OIOCPEJOBAHHBIMH MMMYHHBIMHM PEAaKLIUSIMH, U
CYUTACTCA MOJIC3HBIM MHCTPYMEHTOM JJIs1 MOHUTOPUHIA KIIMHUYCCKOT'O COCTOSTHUA. Hamm
pe3yNbTaThl BBISBIJIM CYNICCTBCHHBIC Pa3Muus B akKTHBHOCTH tADA B Imiasme KpoBH
OOJIBHBIX CaxapHbIM JUA0ETOM 2-TO THUIA M OTHOCHUTEIBHO 3J0POBBIX JHIl O6e3 nuadera
(KOHTPOIIB). DTO BO3pACTaHUE AKTUBHOCTH (hepMEHTA MPOUCXOUT, B OCHOBHOM, 33 CUCT
yBEJINYEHHs] aKTUBHOCTH U30(popMbl ADA2.

B mmasme mnepugepuueckoii KpoBH OONBHBIX CaXapHbIM aUabETOM 2-TO THIIA
aktuBHocTH tAJIA (20,5 + 0.39 U/L) u m3odopmer ADA2 (16,0 + 0,75 U/L) Obum
JOCTOBEPHO BBIIIE, 4eM B KOHTPOIbHOH rpymme (15.96 £ 0.75U/L u 11.23 +0.38 U/L) ans
cymmapHoit ADA u ADA2, cootBercTBeHHO, p<0,0001.

BrlsiBeHa TONOKHTENBbHAS KOPpEISIUS MEXay akTuBHOcThiO tADA (AAI,
AJIA2) v ypoBHEM yTpEHHEH TIIFOKO3bI B KPOBH, B TPYIIE OOJBHBIX THA0ETOM B KOHTPOJIE
KOppeJsIliiY He HaOJFoAalioCh.
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CyliecTBeHHblE pa3nuuusig B akTUBHOCTH ADA HaOmojanach Takke Mexay
BO3PaCTHBHIMU TPYIIIAMHA B KOHTPOJIE: OTMEYAETCS TOBBIIICHIE aKTHBHOCTH H30(OPMEI
ADA?2 y mammentoB crapme 65 ner (12.49 + 1.05 U/L) mpotuB (9.86 += 0.33 U/L) y
nmanueHToB 10 65 net, p<0,0106.

B rpymme mammeHTOB ¢ caxapHBIM  AMa0eTOM  aKTHBHOCTH — M30(hopM
aJICHO3WH/IC3aMUHARK Y HHCYIMHO3aBUCHMBIX MAIIMEHTOB ObLlIa TOCTOBEPHO BEIIIIE, YEM Y
MHCYJTMHOHE3aBUCUMBIX MAIEHTOB, B OCOOCHHOCTH y MYXYHH AakTHBHOCTH tADA
coctaBmsuia 21.56 + 1.85 U/L x 14.52 + 1.54 U/L, p<0.0083.

VY nanueHToB C apTepHalbHON THIEepTOHHEH Oe3 auabeTa Takke HaOIF0IaIoCh
MOBBINIICHUE aKTHBHOCTH M30¢popmbel ADA2 (11.23 + 0.38 U/L k 8.00 = 0.3 U/L), p <
0.0001.

Hamu ompeneneH HOPMAaTHMBHBIM JWana3oH akTMBHOCTH ADA B mia3me KpoBH
OTHOCHTEJIBHO 3JI0POBBIX JIMII, ¥ JOKa3aHa pOJIb M3MEHEHHs aKTHUBHOCTH (DepMEHTa B
MaToreHes3e caxapHoro auadeTa 2-To TUIa ¢ apTepUAIbHON THIIEPTOHUH.

B 3axiroueHre 0TMETHUM, YTO U3MEPEHUE aKTUBHOCTH ADA B mia3Me KpoBU BaKHO
JUIS TIOHUMaHUs KIMHUYECKUX AacleKTOB CaxapHOro auabera 2 THMa U MOXET ObITh
MOJIE3HBIM ISl TPOTHO3WPOBAHUS TJIMKEMHYECKOTO W WMMYHOJIOTHYECKOTO cTaTyca
MAIMEHTOB C CaxapHBIM TUA0ETOM 2-TO THIA U aPTEPHATEHON TUIIEPTOHUEH.

KiioueBble c10Ba M CJI0BOCOYETAHHUS: TIa3Ma KPOBH, aJeHO3MHIE3aMHHa3a 1,
aJICHO3WH/Ie3aMUHA3a 2, CaXapHBI 1uadeT 2-T0 THIIA, apTepUalbHAas THICPTOHHS
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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 TIDM 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 B 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-a, 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 ADAZ2 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

150



intestine, thymus, spleen and other lymphoid and non-lymphoid tissues and it is also
involved with neurotransmission [22]. ADAL 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 ADAZ2 isoform. Our findings demonstrated the importance of
alterations in the ADA 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 Center. 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 umole 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. ADAL activity was
calculated by subtracting ADAZ2 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 (1IDM);
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).

T2DM 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
ADAZ2 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), Total ADA U/L) ADAL (U/L) ADA2 (U/L)
median (range) p value p value p value
T2DM patients
(165)
Women (120) 63.1 [28-85] 19.23+0.93 4.42+0.4 16.32+0.9
(<0.7230) (<0.4646) (<0.5505)
Men (45) 60.6 [39-79] 19.93+1.43 4.84+0.66 15.23+1.33
(<0.7230) (<0.4646) (<0.5505)
NT2DM
controls (194)
Women (129) 50.7 [18-87] 14.36+0.58 4.21+0.28 11.27+0.38
(<0.2656) (<0.3059) (<0.068)
Men (65) 48.9 [18-84] 12.87+0.64 3.49+0.31 10.1+0.58
(<0.2656) (<0.3059) (<0.068)
Patients 47.4 [18-65] 13.3+0.38 4.00+0.21 9.86+0.33
<65 years (<0.1057) (<0.4696) (<0.0106)
(150)
Patients 71.6 [66-87] 16.03+1.29 4.33+0.91 12.49+1.05
>65 years (<0.1057) (<0.4696) (<0.0106)
(44)

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
ADAZ2 activities in T2DM patients (20.5 + 0.39 U/L and 16.0 £ 0.75 UJ/L, respectively)
were significantly higher than in NDM controls (15.96 £ 0.75 U/L and 11.23 £ 0.38 U/L,
tADA and ADAZ2, respectively), p <0.0001, Table 2, Fig. 1. There was no difference
between T2DM and NDM patients in ADAL activity.

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

Patients total ADA (U/L) ADAL (U/L) ADA2 (U/L)

p value p value p value
T2DM (165) 20.5+0.39 4.69+0.40 16.0+0.75
(<0.0001) (<0.3946) (<0.0001)
IDDM women (53) 21.8+1.44 5.11+0.64 18.5+1.46
(<0.0306) (<0.1008) (<0.0830)
11IDM women (67) 17.61+1.25 3.82+0.51 14.65+1.17
(<0.0306) (<0.1008) (<0.0830)
IDDM men (18) 21.56+1.85 5.41+1.1 16.41+1.8
(<0.0083) (<0.1738) (<0.0641)
1IDM men (27) 14.52+1.54 3.08+0.52 11.81+1.41
(<0.0083) (<0.1738) (<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 3.960.45 16.22+1.2
(<0.8401) (<0.0772) (<0.9007)
NDM (194) 15.96+0.75 3.88+0.27 11.23+0.38
(<0.0001) (<0.3946) (<0.0001)

NDMNH (91) 11.18+0.35 3.51+0.20 8.00+0.3
(<0.0001) (<0.2310) (<0.0001)
NDMH (103) 16.02+0.61 4.48+0.38 11.94+0.53
(<0.0001) (<0.2310) (<0.0001)

Data are presented as mean + SEM
|

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

Table 2 presented data concerning the total activity of ADA and the activities of its
isoenzymes ADAL and ADAZ2 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

ADA2 (UIL)

NDM-patients

nm HH-HIE_IIIII]IIII 1
£

T2DM

Arrows show the mean values of ADA2 activity

higher, 21.56+1.85 U/L vs. 14.52+1.54 U/L, p<0.0083.
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Fig. 2 — The correlation between fasting blood glucose and ADA (tADA, ADA1 and
ADA?2) 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 (r = 0.3120; p < 0.0001 —
tADA,; r = 0.2005; p < 0.0136 — ADA1 and r = 0.2371,;

p <0.0032 — ADAZ2) 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 ADAZ2 activity, Fig. 3.

wew
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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 ADAL 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 ADAZ2 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
ADAL, ADA?2 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].

157



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 ADA?2 isoforms activity was
observed with fasting blood glucose only among T2DM patients.

We determined the normative range of peripheral blood plasma ADAZ2 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 ADAZ2 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.
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