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Summary: The aim of this study was determination of the
catalytic activities of adenosine deaminase (ADA), ADA1
and ADA2 isoenzymes in the serum of patients suffering
from rheumatoid arthritis (RA) who were and were not
treated with methotrexate (MTX), and identification of the
possibilities of using these biochemical parameters in diagnosing and monitoring the treatment effects in RA.
Catalytic activities of total ADA (tADA) and ADA2 in serum
were determined by a spectrophotometric method. A statistically significant correlation was found between the total
ADA and ADA1 values, as well as between tADA and
ADA2 in the serum of all patients suffering from RA. Determination of ADA1 and ADA2 isoenzyme catalytic activities
in the serum of patients who might be suffering from RA
improves the diagnostic value of total ADA catalytic activity determination. ADA2 catalytic activity in serum can be a
useful biochemical marker in diagnosing and monitoring
RA. Decrease in ADA1 isoenzyme catalytic activities in the
serum of patients suffering from RA who were treated with
MTX can help in the observation of MTX therapy effects.

Kratak sadr`aj: Cilj rada bilo je odre|ivanje kataliti~kih
aktivnosti izoenzima adenozin deaminaze (ADA), ADA1 i
ADA2 u serumima obolelih od reumatoidnog artritisa (RA)
le~enih uz pomo} ili bez terapije metotreksatom (MTX), kao
i utvr|ivanje mogu}nosti uvo|enja ovih biohemijskih parametara u dijagnostiku i pra}enje terapijskih efekata u RA.
Kataliti~ke aktivnosti ukupne ADA (tADA) i ADA2 u serumima odre|ivane su spektrofotometrijskom metodom. Utvr|ena je statisti~ki zna~ajna korelacija izme|u kataliti~kih
aktivnosti tADA i ADA1, kao i tADA i ADA2 u serumima svih
ispitanika sa RA. Odre|ivanje kataliti~kih aktivnosti izoenzima
ADA1 i ADA2 u serumima pacijenata sa sumnjom na RA
pobolj{ava dijagnosti~ku vrednost odre|ivanja kataliti~ke
aktivnosti tADA. Kataliti~ka aktivnost ADA2 u serumu mo`e
da bude koristan biohemijski marker u dijagnostici i pra}enju
RA. Smanjenje kataliti~kih aktivnosti izoenzima ADA1 u serumima pacijenata sa RA koji su dobijali MTX mo`e da pomogne u pra}enju terapijskih efekata MTX.
Klju~ne re~i: izoenzimi adenozin deaminaze, metotreksat,
reumatoidni artritis
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Rheumatoid arthritis (RA) is a chronic, systemic
inflammatory autoimmune disease characterized by
pain and swelling of the attacked joints, chronic proliferative synovitis that leads to progressive articular
cartilage and subchondral bone destruction and the
development of functional disability (1–3). Epidemiological studies show that RA is the most common
connective tissue systemic disease, and 1–2% of the
world’s population is suffering from it (4). Although
the most of epidemiological, pathophysiological,
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immunological and genetic aspects of RA are known
today, it is still not clear what are the exact cause and
factor that support the destructive inflammatory
process in RA.
RA diagnosis is based on the determination of
the basic clinical image and radiological and laboratory results respecting the revised criteria of the ACR
(American College of Rheumatology) from 1987 (5).
Six of the seven ACR criteria for RA are based on
manifest clinical symptoms, and one is based on positive rheumatoid factor in serum. The fact that most
of the clinical symptoms need to last for at least six
weeks (6) limits the possibility of early RA diagnosis
and points out the need for finding new sensitive and
more specific markers in the RA diagnosis and monitoring (7). Hitoglou et al. (8) and Cordero et al. (9)
determined the catalytic activities of total adenosine
deaminase (tADA) and its isoenzymes (ADA1 and
ADA2) in patients suffering from rheumatoid arthritis
and systemic lupus erythematosus (SLE). They identified the correlation between RA activities and tADA
and its isoenzyme ADA2 catalytic activities, whereby
the progress of RA leads to increased activity of the
mentioned enzyme and isoenzyme. Adenosine deaminase (ADA) is a key enzyme in the metabolism of
purine derivatives which catalyses irreversible hydrolytic deamination of adenosine to inosine and
2’deoxyadenosine to 2’deoxyinosine with ammonium
separation (10). It has an important role in acute and
delayed inflammatory response (11–13) as well as in
physiological functions including the differentiation and
maturation of immunocompetent and hematopoietic
cells (14). In their study, Sari et al. (15) identified a correlation between tADA catalytic activity in serum and its
isoenzymes ADA1 and ADA2 and RA activity; therefore
they can be used as biochemical markers that would
give useful information about RA activity, together with
the traditional inflammation indicators such as C-reactive protein (CRP) and the erythrocyte sedimentation
rate (ESR). Surekha et al. (16) confirmed these findings
in their study. ADA is a marker of cellular immunity, so
it is important to determine its catalytic activity not only
when identifying the seriousness of an inflammatory
process, but also for the improvement of treatment
strategy and better monitoring of the therapy effects in
RA (17).
Three isoenzymes of human ADA have been
discovered in the existing studies: ADA1, ADA1+cp
(consists of 2 ADA1 molecules interconnected by a
connecting glycoprotein cp) and ADA2 (18, 19).
ADA1 and ADA2 perform the deamination of 2
adenosine and 2’deoxyadenosine nucleotides which
have immunosuppressive and antiinflammatory characteristics, and therefore the homeostasis of these
substances and catalytic activities of ADA1 and ADA2
isoenzymes in human cells are very important for an
organism (20). Many published studies (9, 15, 16)
point out the importance of determining the catalytic
activity of tADA and its isoenzymes in RA as possible

biochemical markers for therapy effects monitoring in
patients who were treated with methotrexate (MTX).
MTX is one of the most commonly used
antirheumatic medications (21), as mono-therapy or
in combination with the disease modifying drugs
(LMB) because of its therapeutic efficiency and toxicity profile (6). The antiinflammatory effect of MTX is
mediated by adenosine receptors stimulation (22, 23)
so the determination of ADA catalytic activities is significant in monitoring the metabolism and therapy
effects of MTX.
The aim of the study was the determination of
catalytic activities of ADA1 and ADA2 isoenzymes in
the serum of patients suffering from RA who were
and were not treated with MTX, and the identification of the possibilities of using these biochemical
parameters in diagnosing RA and monitoring the
therapy effects.
Materials and Methods
Patients and controls
The study involved 120 subjects who were divided into three groups. The control group consisted of
60 healthy subjects (46 women and 14 men) with an
average age of 52.78 years, who were from 28 to 74
years old; they also did not have family members suffering from rheumatoid arthritis and they were not
medically treated. From the remaining 60 subjects,
20 were suspected to suffer from rheumatoid arthritis
and 40 were diagnosed with rheumatoid arthritis. All
the subjects were diagnosed with RA by specialized
rheumatologists. Criteria for involving the patients in
the study and for their exclusion were the revised ACR
criteria from 1987 (5). The group A consisted of 30
subjects in the acute stage of RA (25 women and 5
men) with an average age of 56.67 years (their age
ranged from 41 to 74 years). In this group, 20 subjects were suspected to have been suffering from RA
for three to six months (they were not treated with
MTX within the medical therapy for RA), and the
diagnoses of RA were confirmed during our study.
Ten subjects in group A were the new ones suffering
from RA who were not treated by MTX within the
medical therapy for RA. The group B consisted of 30
subjects (27 women and 3 men) with an average age
of 56 years (the ages ranged from 29 to 74 years). All
the subjects in group B were treated with a common
therapeutic dose of MTX within the medical therapy
for RA during more than two months.
Methods
tADA and ADA2 catalytic activities were determined by the modified Giusti’s spectrophotometric
method (24) combined with the method of Muraoka
et al. (25), using adenosine (Sigma-Aldrich, USA) as
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a substrate and 0.1 mmol/L of EHNA (Sigma-Aldrich,
USA) as an ADA1 inhibitor. ADA1 catalytic activity
was calculated from the found ADA2 (in the presence
of 0.1 mmol/L of EHNA) and tADA activities.
Reference interval of tADA catalytic activities for this
method was 13.20–20.80 U/L (24).
The results of the study are expressed as arithmetic mean ± standard deviation ⎯( x±SD). Testing of
the significance of differences between the control
group and the group A (subjects who did not get
medical therapy) and between the control group and
the group B (subjects who got medical therapy) was
done by standard Student t-test based on results distribution. Values of p<0.01 were taken as statistically
significant. Correlation coefficient (r) was determined
by Pearson’s correlation coefficient and the 95% confidence interval (CI) of examined parameters within
the monitored groups.
Results
Table I shows tADA, ADA1 and ADA2 catalytic
activities in the serum of subjects suffering from RA
compared with their values in healthy subjects.
Correlation coefficient between the values of
tADA and ADA2 catalytic activities in the group A was
r=0.95 (p<0.01), and the correlation coefficient
between the values of tADA and ADA1 isoenzyme
catalytic activities was r=0.90 (p<0.01), so it was statistically significant. Correlation coefficient between
the values of tADA and ADA2 catalytic activities in the
group B was r=1.00 (p<0.01), and the correlation
coefficient between the values of tADA and ADA1
isoenzyme catalytic activities was r=0.90 (p<0.01),
suggesting a high degree of correlation.

Discussion
Impossibility of early diagnosis and the problems
in differential diagnosing that would permit to distinguish RA from other autoimmune diseases of connective tissues using only the ACR criteria are the reasons
behind the search for some new markers which would
make all this possible and at the same time be used
for monitoring the disease course after therapy. It is still
not completely clear what exactly causes the increase
in ADA catalytic activities in the serum of patients suffering from RA, but it is supposed that ADA catalytic
activity is increased because of its release from the
damaged cells and the increased cell proliferation in
RA (8). The results of this study are in accordance with
the results of the mentioned authors (9, 15, 16). In
the present study the values of ADA1 catalytic activities
in the serum of healthy subjects were from 0.41 to
11.21 U/L. The reference interval (RI) for ADA1 was
0.71–10.69 U/L, and the 95% CI was 4.77– 6.09
U/L. Average value of ADA1 catalytic activities in the
serum of subjects suffering from RA who did not get
medical therapy was higher and statistically significant
(p<0.001) in comparison with the healthy subjects.
However, the average value of the ADA1 catalytic
activities in subjects suffering from RA who were
treated with MTX was lower compared with the control group (Table I), and it is coherent with the MTX
mechanism of action (26).
In this study, the RI for ADA2 was determined,
and it was 6.32–22.68 U/L while the 95% CI was
13.47–15.53 U/L. Average value of ADA2 catalytic
activities in the serum of subjects in the group A was
higher and statistically significant (p<0.001) in comparison with the healthy subjects. In the group B, the
average value of ADA2 catalytic activities was lower
and statistically significant (p<0.001), compared with
the control group (Table I), in accordance with the

Table I tADA, ADA1 and ADA2 catalytic activities in the serum of subjects suffering from RA compared with their values in
healthy subjects.

tADA (U/L)
⎯x ± SD

Statistical
significance
p

Control group
19.65±3.56
(n=60)

(a)

Group A
(n=30)

23.37±6.64

(b)

Group B
(n=30)

10.22±2.67

(c)

ADA1 (U/L)
⎯x ± SD

Statistical
significance
p

5.43±2.36

(d)

p<0.001
(b n a)

6.66±3.27

(e)

p<0.001
(e v d)

p<0.001
(c n a)

3.56±1.66

(f)

p<0.001
(f v d)

ADA2 (U/L)
⎯x ± SD

14.50±4.09

(g)

16.70±4.62 (h)

6.64±2.12

Statistical
significance
p

(i)

p<0.001
(h n g)
p<0.001
(i n g)

Control group – healthy subjects, Group A – subjects with RA without methotrexate treatment, Group B – subjects with RA
with methotrexate treatment
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Ricksen et al. (27) study. They proved that MTX causes
inhibition of 5-aminoimidazole-4-carboxamide ribonucleotide-transformylase, leading to intracellular accumulation of the 5-aminoimidazole-4-carboxamide ribonucleotide that inhibits ADA and its isoenzymes.
Knowing that tADA catalytic activity represents a
marker of cellular immunity, ADA2 gives information
about monocyte/macrophage activities (related with
RA). Further, as ADA1 is thought to be of lymphocytic/neutrophil origin (28), from the results of this
study it can be concluded that the diagnostic value of
tADA may be increased by measuring the ADA2 iso-

enzyme catalytic activity in the serum of patients suffering from RA. Decreased ADA1 and ADA2 catalytic activities in the serum of patients suffering from RA
who were treated with MTX are in accordance with
the MTX mechanism of action. Therefore, the determination of their catalytic activities in serum might
help to monitor the MTX therapeutic effects in RA.
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