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Abstract

Immunological disturbances in T2DM have an assodiimn with CMI and an inappropriate
immune response may result from the defects in thaction of insulin that is required for T-
lymphocyte function. ADA, an enzyme distributed inhuman tissues, is considered a good
marker of CMI as well as a marker for insulin function. Dipeptidyl peptidase - 4 (DPP- 4)
also known as adenosine deaminase binding proteiAIDABP) binds with ADA to activate T
lymphocytes. DPP4 inhibitors are currently regardedas potential oral drugs for the treat-
ment of T2DM and have shown improved efficacy ovetime. This study was conducted in
order to make a contribution to the understanding & the effect of DPP-4 inhibitors on the
ongoing immune disturbances in T2DM by analysing thir serum ADA level and comparing
the effect of other commonly prescribed oral anti-thbetic drugs on the activity of this en-
zyme. A group of 96 newly diagnosed T2DM patientsnooral hypoglycemic medication and
46 healthy non-diabetics were enrolled as cases andntrols, respectively. 50 subjects were
taking a combination drug comprising of SU +Met (Gioup 1) and 46 were taking an add on
DPP-4 inhibitor (Group 2). Serum ADA activity was nhvestigated in the whole study group.
It was found to be significantly decreased in grouR as compared to group 1. A positive cor-
relation between the enzyme activity and HbAlc lev® was observed in these patients
(Group 2) as well, when compared to cases on otheral anti-diabetic drugs (Group 1) indi-
cating the ability of DPP-4 inhibitors to significantly alter the immune status along with the
glycemic status in T2DM.
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Introduction tensively characterised in T-cells [5]. The othezchma-
nism is by rapidly inactivating GLP-1 (Glucagon dik
peptide-1), an incretin hormone which induces imsul
secretion in a glucose-dependent manner in pamncreat

term complications [1]. It is known that hyperglyie peta pells [6]. With higher ADA activity in |n_suI|9enS|-
conditions lead to increased ADA activity, whichas five tissues, the level of adenosine which increagla-
enzyme involved in purine nucleoside metabolism an§0S€ uptake into cells will be reduced. Thus if ABétiv-
also plays an essential role in the immune systgjn [ Y iS suppressed, insulin sensitivity may be inveu
ADA is a polymorphic enzyme that irrerversibly déam ceIIngr prohfera‘uon, mfIarr_lmatlon and T—ceI_I aaty, all
nates adenosine to inosine, contributing to theletign ~ ©f Which are associated with the pathophysiologinsi-
of intracellular and extracellular concentrationaafeno- N resistance, can be affected . Therefore, instésis-
sine [3]. An increase in ADA activity in DM mayela fance may have an important relationship with ADA a
reflection of altered immunity in the pathology iiese  tvity [7].
patients [4]. DPP-4 inhibitors and gliptins are a class of orgdyly-
cemics that block DPP-4. They constitute a relatinew
DPP-IV, a cell surface protease, exerts its bialalgef- group of oral medications for the treatment of t@peia-
fects by two distinct mechanisms. First by bindimgh  betes, which has become widely incorporated iritocell
ADA and activating intracellular signalling pathveagx- practice. At present, one of the approaches obpgihg
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Diabetes mellitus is a metabolic disorder of midtipti-
ologies, characterised by hyperglycemia leadindptmy



the antidiabetic activity of GLP-1 is the applicati of
DPP-4 inhibitors [8]. However, inhibition of ADAcEv-
ity and regulation of the immune status by thidtifac-
eted drug represents a supportive role in its wemlent
on immune function of these cases [9]. Keepingi@wv
the above facts, this study was designed to ealilet
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rum ADA activity was estimated by the method of &iui
and Galanti [11]. Ammonia liberated by reactionA@A
on adenosine forms an intensely blue coloured ihdopl
complex with sodium hypochlorite and phenol in &
solution. The intensity of the colour formed is editly
propotional to the amount of ADA present in the glan

serum ADA levels in T2DM patients taking oral DPP-4the absorbance was measured spectrophotometriially
inhibitors in comparison to cases on other orali-ant 635nm. One unit of ADA is defined as the amoun¢iof

diabetic drugs.

Materials and Methods

zyme required to release 1mmol of ammonia/min from
adenosine at standard assay conditions. Results exer
pressed as international unit of enzyme activitgerum.
Results were expressed in mean + SD. Statisticdl/sis

Screening of the cases were done as per the quédeli of results was done using studeri’'stest.

based on the American Diabetic Association Critgiiy.
All the subjects were in the age group of 35-65ye86
clinically diagnosed T2DM cases, out of which 5G@e=
(group-1) on sulfonylurea and metformin and 46 qrati
(group-2) on a triple drug therapy comprising ofcauy-
lurea + metformin and DPP-4 inhibitors were incldidé6

Results

Cases and controls were age matched. BMI, urea and
creatinine were not significant predictors in thedy
group. The other biochemical parameters like FBEB®,

age- and sex-matched healthy subjects were selested HbAlc and ADA were elevated (p<0.001) in the cases

controls. Type-1 diabetes mellitus patients, gestat
diabetes cases, type-2 diabetics on insulin traatroe
patients with any other concurrent chronic condgidike
cardiac diseases, tuberculosis, rheumatoid aghgout,
renal failure, viral or alcoholic liver disease amy other
condition that alters the serum ADA levels wereleded
from this study.

A thorough clinical examination and appropriateeisi
gations were done before selecting the cases artbtn
After obtaining informed consent, both the cases@mn-
trols were subjected to routine biochemical bloindes-
tigations like FBS, 2hr PPBS, urea ,creatinineagisiitros

(Group-1 & Group-2) when compared with controls as
shown in Table-1. Group-2 patients receiving trigteg
therapy i.e. SU + Met + DPP-IV inhibitors showedig-
nificant difference (p< 0.001) in HbAlc levels (8.&
0.11 % ) when compared to group-1 patients (258
0.26 %) on SU + Met only. A significant differen@e<
0.001) in serum ADA levels as well was observed in
group-2 patients (24.77 = 0.40 IU /L) in comparison
group-1 patients ( 33.12 + 0.55 IU/L), indicatitige po-
tential effects of DPP-IV inhibitors on the immufunc-
tion (Table-2). A strong positive correlation beéme
HbAlc and ADA was seen in both group-1 (r = + 0)951
and group-2 (r=+ 0.964) as depicted in graph-1gragh

Fusion, Johnson & Johnson Autoanalyser and HbALc b2, respectively.
HPLC method using D-10 HbAlc analyzer (Biorad). Se-

Table 1. Baseline parameters in the study group

Variables Controls (n=46) Group-1 (n=50) Goup-2 (n = 46)
AGE (yrs) 48.08 + 3.43 47.46 + 3.83 46.52 + 3.06
BMI (Kg/m?) 24.0+1.10 28.66 + 1.02 28.65+0.99
FBS (mg/dl) 83.41 +5.52 179.36 £ 21.04 * 116£/856 *
PPBS (mg/dl) 117.32£8.44 285.14 £22.10 * 16104.48 *
UREA (mg/dl) 24.34 +1.69 28.38 £1.38 28.96 441.
CREATININE (mg/dl) 0.93+0.12 0.94+0.12 0.93.12
HbAlc % 597 +0.24 9.58 +0.26 * 7.68+0.11*
ADA (IU/L) 18.06 + 0.68 33.12+0.55* 24.77 0. *
Results are expressed as mean +SD
*p < 0.001, (highly significant)
Table 2. Comparison of HbAlc and serum ADA between cases

Parameter Group-1 Group —2
HbAlc (%) 9.58 + 0.26 7.68+0.11*
ADA (IU/L) 33.12 +0.55 2477 £0.40*

*p < 0.001, (highly significant)
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Graph 1. Correlation between HbAlc and ADA activity in group 1 patients.
(r=+0.951)
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Graph - 2: Correlation between HbAlc and ADA activity in group 2 patients.
(r=+0.964)

Discussion

Diabetes mellitus is a common endocrine metabadle d
order, which is a leading cause of death worldwltés
characterized by hyperglycemia resulting from Jada
interaction of hereditary and environmental factams is
due to a combination of insulin resistance and&fec
tive secretion of insulin by pancreatic beta c¢llg].
Adenosine deaminase is involved in nucleic acidaimet
lism. Its main biological activity is detected in Tym-
phocyte function and it plays a crucial role in fymocyte
proliferation and differentiation [13]. Therefoiiejs con-
sidered as a good marker of CMI [14] and also gtyice
status where it was observed that GLUT 4 rece@ogs
downregulated in the absence of adenosine indigatin
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as one of the reasons for insulin resistance [b3u-
nological disturbances of cell- mediated origin e
lieved to develop from T-lymphocyte dysfunctidn. vi-

tro studies have implicated that in T2DM, inappropriate
immune responses may result from defects in theract
of insulin required for the function of T-lymphoegt
[16].

Increased serum level of ADA activity was observed
diabetics [2, 4, 17, 18], which corroborated wttle find-
ings of the present study. It is also thought thi de-
ranged immunity may originate from antibody- depsentd
cellular cytotoxic responses, which are believedarget
insulin [19], that has control over T lymphocytenétion
[16]. There are two different types of ADA’s: ADAdnd
ADA2. ADAL is present in the cytoplasm, and alsctiom
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cell surface. Ecto-ADAL1 is anchored on the T-cetface 2.
by integrating with CD26 [DPP-4. E.C 3.4.14.5] [20]
ADA degrades adenosine, which inhibits the prcédifiem

of T-cells. Hence this interaction of DPP-4 with Aland

the rearrangement of ADA on the cell membrane ead | 3
to the increase in T-cell proliferation and cytaksynthe-

sis due to ADA activity on the cell membrane [21].

DPP-4/ CD26 , is identified as a lymphocyte celiface
ADA binding protein whose expression and activigy i
increased following T-cell activation. A distinattspopu-
lation of CD26 bright T cells have been identiftedsub-
serve multiple functions including antigen recatymu- o
noglobulin synthesis and activation of cytotoxic cdlls
[22]. A well defined signaling cascade in the Tieets

into motion, where CD26 associates with cytoplasmic
domain of CD45 indicating a mechanism whereby CD26
engangement promotes aggregation of lipid raftsfand 7.
cilitates co-localization of CD45 to T cell recepsignal-

ing molecules, thereby enhancing protein tyrosihesp
phorylation of various molecules and subsequerdgrint
leukin-2 production [23]. 8.

5.

Although DPP-4 is clearly a critical molecule foracti-
vation of GLP-1, GLP-2 and gastric inhibitory pep- 9.
tide(GIP), a major question surrounding the emergise

of DPP-4 inhibitors, primarily for the treatmentT2DM,

is related to the potential effects of these irtbilsi on
immune function. Related studies confirming theceffy

of DPP-4 inhibitors on the immune system in diabete
have been carried out [24, 25]. This is in accocdanith
our observations which reveals that patients takauy-
on gliptins have the ability to alter hyperglycerbia de-
creasing HbAlc as well as ADA levels through motiula
ing the immune status when compared with cases on
other oral anti-diabetic drugs. 12

The inhibition of ADA by DPP-4 inhibitors and regull 13.

tion of its activity can be considered as an aoial# tool
for the treatment of T2DM. Therefore, the benefieik

fects of DPP-4 inhibitors on treatment of T2DM ooy 14

offer advantages over current therapies but alsvige
more immuno-pathogenic related diagnostic apiina

beyond the conventional treatment mechanisms. 15.
Acknowledgement

The contribution of participants who supported sihedy

is duly acknowledged. 16.
References 17.

1. World Health Organization, Definition, Diagnosisdan

Classification of Diabetes Mellitus and its comphlc 18.

tions. Part 1: Diagnosis and Classification of Ris
Mellitus: Geneva: WHO: 1999.

492

10.

11.

Jhajharia/Pradhan/Ekka/Das

Hoshino T, Yamada K, Masuoka K. Elevated Adeno-
sine deaminase activity in the serum of patientdh wi
diabete mellitus. Diabetes Research and ClinicatPr
tice 1994; 25: 97-102.

Brady AT. Adenosine Deaminase. Biochemistry Jour-
nal 1942; 36: 478-484.

Prakash MS, Chennaiah S, Murthy YSR. Altered
Adenosine deaminase in Type-2 diabetes mellitus. In
dian Academy of Clinical Medicine Journal 2006; 7:
114-117.

Dong RP and Morimoto C. Role of CD26 for CD4
memory T-cell function and activation. Human Cell
1996; 9: 153-162.

Deacon CF, Nauk MA, Toft Nielsen M. Both subcuta-
neously and intravenously administered glucagoe lik
peptide | are rapidly degraded from the NH2-terraihu
type-2 diabetic patients and healthy subjects. &b
Journal 1995; 44: 1126-1131.

Koopmans SJ, Sips HC, Bosman J. Antilipolytic attio
of insulin in adipocytes from starved and diabests
during adenosine controlled incubations. Endocrinol
ogy Journal 1989; 125: 3044-3050.

Drucker DJ. Enhancing Incretin Action for the treat
ment of Type 2 DM.Diabetes Care 2003; 26: 2929-
2940.

Jae- Geun L, Dong Gu K, Jung RY. Changes in Adeno-
sine Deaminase activity | Patients with Type 2 Bials
Mellitus and Effect of DPP-4 Inhibitor Treatment on
ADA Activity. Diabetes Metabolism Journal 2011;:35
149-158.

The expert Committee on the Diagnosis and classifi
tion of Diabetes Mellitus. Report of the Expert Gom
mittee on the diagnosis and classification of diede
mellitus. Diabetes Care 2002; 25: S5-20.

Guisti G, Galanti B. Adenosine deaminase. Colorimet
ric Method. In Bermeyer HU, (ed). Methods of Enzy-
matic analysis: "%edn: Vol IV: 315: 1984,

. World Health Organization. Diabetes Mellitus. Repor

of a WHO study group of Diabetes Mellitus. 1985.

Hovi T, Smyth JF, Allison AC, Williams SC. Role of
adenosine deaminase in lymphocyte proliferation.
Clinical Immunology 1976; 23: 395-403.

Sullivan JL, Oxborne WRA, Wedgewood RJ. Adeno-
sine deaminase activity in lymphocytes. Britishraal

of Haematology 1977; 37: 157-158.

Havilah P, Pandit VB, Durga Prasad K. Adenosine
Deaminase Activity in Type-2 Diabetes Mellitus. An
independent marker of glycemic status and stinutati
of lipid peroxidation. International Journal ofh&mni-

cal and Life Sciences 2013; 2: 1175-1178.

Frankie B, Abbas E. Activated T-lymphocytes in Type
2 Diabetes Mellitus. Implications of in vitro stedi
Current Drug Targets 2003: 4: 493-503.

Kurtul N, Pence S, Akarsu E. Adenosine deaminase
activity in the serum of Type 2 Diabetes patieitsta
Medica- Hradec Kralove Journal 2004; 47: 3-6.

Kaur A, Kukreja S, Malhotra N, Neha. Serum Adeno-
sine Deaminase activity and its correlation withy-Gl
cated Haemoglobin levels in patients of Type 2 Biab

Biomed Res- India 2014 Volume 25 Issue 4



Effect of Dipeptidyl Peptidase-4 Inhibitors on AB&tivity...

19.

20.

21.

22.

23.

tes Mellitus. Journal of Clinical and Diagnostied®a- 24.

rch. 2012; 6: 252-256.

Fovenyi J, TotpalK,Thaiz E, Garam T. Non specific
cellular immunity in type-l and type Il Diabetesx-E
perimental and Clinical Endocrinology and Diabetes

1984; 83: 203-206. 25.

Sharoyan S, Antonyan A, Mardanyan S. Influence of
Dipeptidyl Peptidase-4 on enzymatic properties of
Adenosine Deaminase. Acta Biochimica Polonica
2006; 53: 539-549.

Martin DW Jr, Gelfand EW. Biochemistry of diseases
of immunodevelopment. Annual Review of Biochem-
istry 1981; 50: 845-877.

Gorrel MD, Gysbers V, Mc Caughan GW. CD 26: a

Tian L, Gao J, Hao J. Reversal of New Onset Diabete
through Modulating Inflammation and Stimulating det
—cell Replication in Non-Obeses Diabetic Mice by
Dipeptidyl Peptidase IV Inhibitor: Endocrinologyute
nal 2010; 15: 3049-3060.

Kim S J, Nian C, Doudet DJ, Mc Intosh CH. DPP-IV
inhibitor with MKO43, Improves islet graft survivah
Diabetic Non-Obese mice partially via T-cell modula
tion. Diabetes Journal 2009; 58: 641-651.

multifunctional integral membrane and secretedginot  CoOrrepondence to:

of activated lymphocytes. Scandinavian Journal of ) o
Sumit Jhajharia

Immunology 2001; 54: 249-264.

Tomonori I, Kei O, Akikazu M. CD26 mediated signal- C/0 Department of Biochemistry,

ling for T cell activation occurs in lipid raftsribugh its

Kalinga Institute of Medical Sciences,

association with CD45R0O: Proceedings of the NationaBhubaneswar 751 001, Odisha
Academy of Sciences (USA) 2001; 98: 12138-12143. India

Biomed Res- India 2014 Volume 25 Issue 4

493



