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ABSTRACT
O b j e c t ive. Adenosine deaminase (ADA )
is invo l ved in purine metabolism and
p l ays a significant role in the mech a -
nisms of the immune system. The aim of
this study was to inve s t i gate the corre l a -
tion between the activity of total A DA
( t A DA) and isoenzymes A DA1 and
A DA2 and clinical activity in pat i e n t s
with rheumatoid art h ritis (RA).
Methods. The study comprised 37 pa -
tients with rheumatoid arthritis and 30
healthy controls. Total serum ADA ac -
tivity was measured spectrophotomet -
rically. The isoenzyme pattern of ADA
was analy zed using ery t ro - 9 - ( 2 - hy d rox y -
3 - n o ny l ) a d e n i n e ( E H NA). Disease ac-
t ivity was assessed using DAS cri t e rion. 
R e s u l t s . The means of tADA , A DA 1
and ADA2 levels were found to be 22.7
± 5.9, 3.9 ± 2.0 and 18.8 ± 4.9 IU/L in
patients with RA, and 15.1 ± 4.4, 4.1±
1.2 and 11.0 ± 3.7 IU/L in healthy con -
t rol subjects. When compared to the
h e a l t hy contro l s , s e rum tADA and
ADA2 levels were significantly higher
(p<0.001) in patients with RA, but the
decrease of ADA1 level was not statis -
tically significant (p>0.05). There was
a strong corre l ation (r = 0 . 5 2 7 , p <
0.001) between serum tADA level and
disease activity by DAS (Pe a rs o n ’s
rank correlation), and no correlation
between tADA and CRP or ESR in the
patient groups (p > 0.05). 
Conclusion. Serum tADA and ADA2
activity is closely associated with RA
and these non-invasive investigations
can be used as biochemical markers
for inflammation. These may provide
additional information regarding dis -
ease activity along with the traditional
indices such as ESR and CRP.

Introduction
Rheumatoid arthritis (RA) is a chronic
progressive autoimmune disorder char-
acterized by symmetric erosive synovi-
t i s , sometimes with multisystem in-
volvement (1, 2). It affects about 1% of
the population wo rld-wide and may
lead to progre s s ive joint destru c t i o n ,
d e fo rm i t y, d i s ability and pre m at u re
death (1-3).
Most RA patients exhibit clinical acti-
vation and remissions. Laboratory as
well as clinical findings play an impor-

tant role in determining disease activi-
ty. As in other collagen tissue diseases
such as systemic lupus erythematosus,
among lab o rat o ry tests intra c e l l u l a r
adesion molecule-1 (ICAM-1), vascu-
lar cell adesion molecule-1 (VCAM-
1 ) , s e l e c t i n s , adenosine deaminase
( A DA ) , and cytidine deaminase are
used together with such routine analy-
ses as ESR and CRP to determine acti-
vation in RA (4).
ADA, an enzyme involved in purine
metabolism or the purine salvage path-
way, catalyses the irreversible conver-
sion of (deoxy) adenosine to (deoxy)
inosine. ADA is found widely in most
mammalian tissues, showing the high-
est activity in lymphoid tissues, and is
essential for the proliferation, matura-
tion, and function of lymphocytes (5),
especially those of T lineage; it is also
required for the maturation of human
blood monocytes to macrophages (6).
Adequate ADA levels appear to be n e c-
e s s a ry for normal functioning of the
immune system (7). Since ADA activi-
ty has been shown to be increased in
diseases characterized by T lympho-
cyte pro l i fe ration and activation (8),
ADA has been considered as a non-
specific marker of T cell activation.
It has became incre a s i n g ly evident that
adenosine plays an important role in the
reg u l ation of immune responses. Num-
e rous rep o rts have pointed to the ge n e r-
al immu n o s u p p re s s ive and anti-infl a m-
m at o ry pro p e rties of this compound (9,
1 0 ) , and support the view that adenosine
acts as an immu n o s u p p re s s ive age n t ,
wh i ch may have re l evance for both cell-
m e d i ated and infl a m m at o ry immu n e
responses (11).
Two isoenzymes of adenosine deami-
n a s e, adenosine deaminase 1 (ADA 1 )
and adenosine deaminase 2 (ADA 2 )
h ave been described in many of the
higher organisms (12, 13). A DA1 is pre-
sent in all tissues and is essential for an
e fficient immune re s p o n s e. While in
human tissues and cells the majority of
A DA activity is derived from A DA 1 ,
the prevalent fo rm of A DA in serum is
A DA2. Recent data suggest that the
m o n o cy t e - m a c ro p h age cell system is
l i ke ly to be a major source of A DA2 in
humans (14).
S eve ral studies have been perfo rm e d
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c o rre l ating A DA activity to immu n e
s t atus in va rious ch ronic liver diseases,
h e m at o l ogic malignancies, and immu n e
d i s o rd e rs (15-18). Howeve r, s e ru m
A DA activity has been described in va r-
ious autoimmune and infl a m m at o ry
d i s e a s e s : r h e u m atoid art h ritis (19), s y s-
temic scl e rosis (20) and systemic lupus
e ry t h e m atosus (12).
To our knowledge, there have been no
studies focused on measuring seru m
t A DA , A DA 1 , A DA2 activities and
DAS in patients with RA. Therefore, in
the present study we aimed to investi-
gate serum tADA,ADA1,ADA2 activ-
ities and to corre l ate their DAS with RA.

Materials and methods
Th i rt y - s even patients suffe ring fro m
RA for 2-10 years (14 men, 23 women
with a mean age of 52 ± 11 years) and
30 healthy subjects (14 men, 16 wo-
men, with a mean age of 40 ± 12 years)
were recruited for the study after ob-
taining their info rmed consent. Th e
s t u dy was perfo rmed in accord a n c e
with the ethical standards laid down in
the Decl a ration of Helsinki. All the
p atients examined met the A m e ri c a n
R h e u m atism A s s o c i ation cri t e ria fo r
RA (21) and we re taking no dru g s .
None of the subjects had any alcohol
intake, intestinal absorption defect, or
any clinical or laboratory signs of liver
disease, diabetes mellitus, thyroid dis -
e a s e, i n fectious disease, or coro n a ry
artery disease. Control subjects were
h e a l t hy medical students, l ab o rat o ry
personnel and those attending a health
screening program. 
The ery t h ro cyte sedimentation rat e
(ESR) was determined according to the
Westergreen method using anticoagu-
lant containing whole bl o o d. Ve n o u s
blood was collected in va c u t a i n e rs
without additive, allowed to clot for 30
min at room temperature and centri-
fuged at 3000 g for 5 min. to obtain
serum. The serum aliquots were stored
at -80ºC until the biochemical analyses
were carried out. Hemolysed samples
were excluded.
The serum C-re a c t ive protein (CRP)
level was determined by the nephelo-
m e t ric method (Beckman A rray 360
Protein System, USA). 
All enzymes activities were measured

Table I. The mean values of serum tADA, ADA 1, ADA2, ESR, CRP, and DAS levels in
healthy and RA groups.

Healthy group Rheumatoid arthritis group 
(n=30) (n=37)

tADA (IU/L) 15.1 ± 4.4 22.7 ± 5.9*
ADA1 (IU/L) 4.1 ± 1.2 3.9 ± 2.0
ADA2 (IU/L) 11.0 ± 3.7 18.8 ± 4.9*
ESRa (mm/h) 11.6 ± 4.6 51.9 ± 18.3*
CRPa (mg/L) 2.5 ± 1.5 19.5 ± 8.5*
DASa NA 3.38 ± 1.50

*p<0.001, when compared to control group. 
aESR:Erythrocyte sedimentation rate; CRP:C-reactive protein; DAS:Disease activity score (see Mate-
rials and Methods); NA: not applicable.

spectrophotometrically (22,23). ADA2
activity was determined by a modified
method of Hartwick et al. using erytro-
9 - ( 2 - hy d rox y - 3 - n o nyl) adenine (EHNA )
(24), which specifically inhibits only
A DA1. Biochemical measure m e n t s
were carried out at room temperature
using a CE 3041 spectro p h o t o m e t e r
(Cecil, UK). The disease activity score
(DAS) was calculated using the fol-
lowing formula as described (25, 26):
DAS = 0.53938 √RAI + 0.06465 SW +
0.330 x ln ESR + 0.224
where RAI is the Ritchie articular in-
dex, SW the number of swollen joints,
and ESR the erythrocyte sedimentation
rate. 

Statistical analysis
The Mann-Whitney U test and Pera-
son’s rank correlation test were used
for statistical evaluation. P < 0.05 was
considered significant. SPSS for Win-
dows (version 10.0) was used for sta-
tistical analyses. 

Results
The means of tADA,ADA1 and ADA2
levels were found to be 22.7± 5.9, 3.9
± 2.0 and 18.8 ± 4.9 IU/L in RA pa-
tients, and 15.1±4.4, 4.1±1.2 and 11.0
±3.7 IU/L in healthy control subjects,
respectively (see Table I). When com-
pared to the healthy control subjects,
serum tADA,ADA2 were significantly
higher (p< 0.001) in RA patients, but
the decrease of ADA1 level was not
statistically significant (p>0.05). 
Th e re was a strong corre l ation (r =
0.527, p< 0.001) between serum tADA
a c t ivity and DA S. Corre l ations we re
also found (r= 0.397, p < 0.05) be-

tween ADA1 activity and disease DAS,
and (r = 0 . 4 6 2 , p < 0.005) betwe e n
ADA2 activity and DAS. No correla-
tions were found between tADA and
CRP, ESR in the patient groups (p >
0.05) (Fig. 1). 

Discussion
The etiology of rheumatic diseases
such as RA is still unknown, although
many possible causes, including infec-
tious, genetic, immunologic etc., have
been investigated (27).
Juvenile rheumatoid arthritis (JRA) is
characterized by involvement of multi-
ple systems or organs and by the ap-
pearance of immunological abnormali-
ties such as the production of a variety
of autoantibodies, the presence of cir-
culating immune complexes, and dis-
regulation of T-cell/B-cell interactions
(28). A c t ivated macro p h ages and T
cells have been implicated in mediat-
ing the initiation and perpetuation of
inflammation in JRA and SLE. These
cells are responsible for the immuno-
regulation and inflammatory response
(29). 
Serum ADA2 activity probably reflects
macrophage activation in addition to
PBLs activation as part of a cellular
i m mune response (30, 31). A DA2 is
actively secreted by monocytes or cer-
tain subpopulations of monocytes with
a diffe rent isoenzyme pro fi l e, or the
l i fetime of A DA2 in serum may be
longer than that of ADA1 (32). There-
fore, the measurement of ADA2 activi-
ty is important,because ADA2 increas-
es with the advancing clinical grade of
the disease (29).
While ADA1 has been extensively stu-



BRIEF PAPERADA and its isoenzyme activities in RA / R.A. Sari et al.

89

Fig. 1. Correlations between the mean values of serum tADA,ADA 1,ADA2, and DAS levels in the
RA group.

died and characterized, the biochem-
istry and physiology of ADA2 is poor-
ly understood (12). It was attempted to
study the purine metabolism of JRA
patients by measuring tADA and iso-
enzyme ADA1 and ADA2 activity in
the serum of these patients in different
phases of the diseases. The seru m
tADA and ADA2 activity in this study
was significantly higher in the sera of
patients with JRA during disease activ-
ity than in those of healthy controls
(29).
We determined disease activity taking
into consideration the clinical findings
(DAS) and laboratory findings (CRP,
ESR) in our study. We found a signifi-
cant positive correlation between ser-
um tADA , A DA 2 , and A DA1 leve l s
and DAS criterion. However, we could
not find any positive corre l ation be-
tween ESR and CRP levels and DAS in
these patients. In the literature, activity
in RA patients has been eva l u at e d
according to the clinical and, above all
laboratory findings of the patients.
The ori gin of tADA in seru m , t h e
mechanism and etiology by which its
activity increases have not been fully
elucidated. Possibly, the increased ser-
um tADA activity in RA can be corre-

lated with the immune response (33). 
To determine disease activity in RA
patients, only a certain number of stud-
ies have been carried out. Nalini et al.
(31), Ungerer et al. (32), Cordero et al.
( 3 4 ) , and Hitoglou et al. (29) have
studied tADA and A DA2 activity in
RA patients, and found a positive cor-
relation between disease activity and
ADA activity. In all of these studies, a
p o s i t ive corre l ation was establ i s h e d
between disease activity and tADA and
ADA2 activity. These results are simi-
lar to those of our study. 
The exact cause of the elevated serum
ADA in RA was not established in this
study, but the possibility exists that the
enzymes released into the circulation
from damaged cells are associated with
cellular pro l i fe ration and incre a s e d
turnover of the cells involved (31)
Stancikova et al. (12) and Taysi et al.
(35) have studied ADA activity in pa-
tients with SLE, and found that serum
tADA and ADA2 isoenzymes increas-
ed considerably in patients with SLE
compared with healthy controls.
Recently, more attention has been paid
to ex t racellular adenosine, the sub-
strate of ADA, because it is a potent
e n d ogenous antiinfl a m m at o ry age n t

that inhibits neutrophil function, is re-
leased by cells under metabolically un-
favo rable conditions, and that this
mechanism is stimulated by methotrex-
ate, the antiinflammatory agent for RA.
Thus it is important to clarify the clini-
cal significance of A DA isoenzyme
activities in RA (36). 
In the light of these results we would
p ropose that serum tADA activ i t y,
specifically ADA2 and ADA1 activity,
may be a useful adjunct to the present
enzyme repertoire in clinical medicine
(7). These non-invasive investigations
can be used as biochemical markers for
inflammation and may provide addi-
tional info rm ation rega rding disease
a c t ivity alongside the traditional in-
dices such as ESR and CRP (13).
In addition, because of its low cost and
easier application, the measurement of
plasma ADA activity may be clinically
useful for predicting re l apses befo re
clinical findings and also for following
up the disease during the treatment per-
iod in RA patients, after further studies
of its sensitivity have been made (5).
Therefore, it is important to clarify the
clinical significance of A DA isoen-
zyme activities in RA.

References
1. ARNETT FC, EDWORTHY SM, BLOCH DA et

al.: The American Rheumatism Association
1987 revised criteria for the classification of
rheumatoid arthritis. Arthritis Rheum 1988:
31: 315-24.

2. HARRIS ED: R h e u m atoid art h ri t i s : Pat h o-
physiology and implications for therapy. N
Engl J Med 1990: 322; 1277-89.

3. HOCHBERG MC: Adult and juvenile rheuma-
toid art h ri t i s : C u rrent ep i d e m i o l ogic con-
cepts. Epidemiol Rev 1981; 3: 27-44.

4. SARI RA, TAYSI S, ERDEM F et al.: Correla-
tion of serum levels of soluble intercellular
adhesion molecule-1 with disease activity in
systemic lupus ery t h e m atosus. R h e u m at o l -
ogy Int 2002; 21: 149-52.

5. A DA M S A , HARKNESS RA: Adenosine de-
aminase activity in thymus and other human
tissues. Clin Exp Immunol 1976; 26: 647-9.

6. MACDERMOTT RP, TRITSCH GL, FORMEIS-
TER JF: Adenosine deaminase and nucleo-
side phosphorylase activities in normal hu-
man blood mononu clear cell populat i o n s .
Clin Exp Immunol 1980; 42: 303-7.

7. SIMMONDS HA, PANAYI GS, CORRIGAL V:
A role for purine metabolismin the immune
response:Adenosine deaminase activity and
deoxyadenosine catabolism. Lancet 1978; 1:
60.

8. C O L L A Z O S J, E S PA NA P, M AYO J, M A RT I-
NEZ E, IZQUIRERDO F: Sequential evalua-

tADA



BRIEF PAPER ADA and its isoenzyme activities in RA / R.A. Sari et al.

90

tion of serum adenosine deaminase in pa-
tients treated for tuberculosis. Chest 1998;
114: 432-5.

9. C RO N S T E I N B N, NAIME D, FIRESTEIN G:
The anti-inflammatory effects of an adeno-
sine kinase inhibitor are mediated by adeno-
sine. Arthritis Rheum 1995; 38: 1040-5.

10. LE MOINE O, STORDEUR P, SCHANDANE L
et al.: Adenosine enhances IL-10 secretion
by human monocytes. 1996; 156: 4408-14.

11. SPYCHALA J: Tumor-promoting functions of
adenosine. Pharmacol Ther 2000; 87: 161-
73.

12. STANCIKOVA M, LUKAC J, ISTOK R, CRIS-
TALLI G, ROVENSKY: Serum adenosine de-
aminase activity and its isoenzyme pattern in
patients with systemic lupus erythematosus.
Clin Exp Rheumatol 1998; 16: 583-6.

13. RATECH H, MARTINIUK F, BORER WZ, RAP-
POPORT H: Differential expression of adeno-
sine deaminase isoenzymes in acute leuke-
mia. Blood 1988; 72: 1627-32.

14. Z U C K E R M A N S H , O L S O N J M , D O U G L A S
SD: Adenosine deaminase activity during in
v i t ro c u l t u re of human peri p h e ral blood mono-
cytes and pulmonary alveolar macrophages.
Exp Cell Res 1980; 129: 281-7.

15. MURAOKA T, KATSUMARAKI T, SHIRAISHI
H , YO KOYAMA MT: Au t o m ated enzymat i c
measurement of adenosine deaminase isoen-
zyme activities in serum. Anal Bioch e m
1990; 187: 268-72.

16. DA S M A H A PATRA KS, FACS MD, HILL HZ,
DA S M A H A PATRA A , S UAREZ S: E va l u at i o n
of adenosine deaminase activity in patients
with head and neck cancer. J Surg Res 1986;
40: 368-73.

17. PKINS H,STANTON A, DAVIS BH: Adenosine
deaminase activity in lymphoid subpopula-
tions and leukemias. Cencer Res 1981; 41:
3107.

18. T U N G R , SILBER R, QUAG L I ATA F, C O N-
K LYN M, G OTTESMAN J, HISCHHORN R:
Adenosine deaminase activity in ch ro n i c

ly m p h o cytic leukemia. Relationship to B-
and T-cell subpopulations. J Clin Inve s t
1976; 57: 756-61.

19. YÜKSEL H,AKOGLU TF: Serum and synovi-
al adenosine deaminase activity in patients
with rheumatoid arthritis, osteoarthritis, and
reactive arthritis. Ann Rheum Dis 1988; 47:
492-5.

20. MEUNIER P, FILIPE P, EMERIT I, FREITAS J,
RODRIGO FG, MANSO C : Adenosine deami-
nase in progressive systemic sclerosis. Acta
Derm Venerol (Stockh) 1995; 75: 297-9. 

21. ARNETT FC, EDWORTHY SM, BLOCH DA et
al.: The American Rheumatism Association
1987 revised criteria for the classification of
rheumatoid arthritis. Arthritis Rheum 1988;
31: 315-24.

22. GUSTI G: Adenosine deaminase. I n B E R G
M AYER HU ( E d. ) : Methods of Enzymat i c
Analysis, vol. 2,2nd ed.,New York,Academ-
ic Press 1974; 1092-4.

23. T H O M P S O N P W, JAMES IT, ROWELL L,
JONES DD: Evaluation of a simple method
for the measurement of cytidine deaminase in
serum and comparison with reference me-
thod. Clin Chim Acta 1990; 192: 55-60.

24. HARTWICK R, JEFFRIES A, KRSTULOVIC A,
BROWN PR : An optimized assay for adeno-
sine deaminase isoenzyme using reve rs e
phase high pressure liquid chromatography. J
Chromat Sci 1978; 427: 427-35.

25. VAN DER HEIJDE DMFM, VAN’T HOF MA, VAN

RIEL PLCM: Judging disease activity in clini-
cal practice in rheumatoid arthritis: first step
in the development of a disease activ i t y
score. Ann Rheum Dis 1990: 49: 916-20.

26. VAN RIEL PLCM, VAN GESTEL AM, VAN DE

PUTTE LBA: Development and validation of
response cri t e ria in rheumatoid art h ri t i s :
steps towards an international consensus on
prognostic markers. Br J Rheumatol 1996:35
(Suppl. 2); 4-7.

27. C U R R E Y H L F: A e t i o l ogy and pat h oge n e s i s
of rheumatoid arthritis. In: Copeman’s Text -

book of the Rheumatic Diseases. Edinburgh,
Churchill Livingstone 1978; 261-72.

28. APPELBOOM T, M A N E L BAUM I, V E RTO N-
GEN F : Purine enzyme levels in rheumatoid
arthritis. J Rheumatol 1985; 12: 1075-78.

29. H I TOGLOU S, H ATZISTILIANOU M, G O U-
GOUSTAMOU D, ATHANASSIADOU F, KOT-
SIS A,CATRIU D: Adenosine deaminase activ-
ity and its isoenzyme pattern in patients with
j u venile rheumatoid art h ritis and systemic
lupus erythematosus. Clin Rheumatol 2001;
20: 411-16. 

30. OOSTHUIZEN HM, UNGERER JP, BISSBORT
SH: Kinetic determination of serum adeno-
sine deaminase. Clin Chem 1993; 39: 2182-
5.

31. NALINI G, HARIPRASAD C, C H A N D R A S E -
KARAN AN, POONGUZHALI K: A compara-
tive study of serum deaminase in systemic
rheumatic disease. Br J Rheumatol 1993; 32:
1118-9.

32. UNGERER JPL,OOSTHUIZEN HM, BISSBORT
SH, VERMAAK WJH: Serum adenosine de-
aminase:Isoenzymes and diagnostic applica-
tion. Clin Chem 1992; 38: 1322-6.

33. GAKIS C: Adenosine deaminase (ADA) iso-
enzymes ADA1 and ADA2: Diagnostic and
biological role. Eur Respir J 1996; 9:632-3.

34. CORDERO OJ, SALGADO FJ, MERA-VARELA
A , NOGUEIRA M: S e rum interl e u k i n - 1 2 ,
interleukin-15, soluble CD26,and adenosine
deaminase in patients with rheumatoid arthri-
tis. Rheumatol Int 2001; 21: 69-74.

35. TAYSI S, P O L AT MF, SARI RA, BAKAN E:
Serum adenosine deaminase and cytidine de-
aminase activites in patients with systemic
lupus ery t e m atosus. Clin Chem Lab Med
2002; 40: 493-5.

36. C RONSTEIN BN, NAIME D, O S TAD E: Th e
anti-inflammatory mechanism of methotrex-
ate. Increased adenosine release at inflamed
sites diminishes leukocyte accumulation in
an in vivo model of inflammation. J Clin In -
vest 1993; 92: 2675-82.


