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Serum ADA and C-reactive Protain in Rheumatoid Arthritis
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ABSTRACT Immunological and inflammatory reactions play a pivotal role in the initiation and perpetuation of
rheumatoid arthritis. The present study is an attempt to estimate the levels of adenosine deaminase (ADA) activity,
a marker for cell mediated immunity and C-reactive protein a marker for inflammation in patients with rheumatoid
arthritis.75 cases presenting rheumatoid arthritis and same number of age and sex matched healthy controls were
included in the study. Serum ADA activity was measured spectrophotometrically at 630 nm and serum C-reactive
protein was detected using Avitex CRP kit, which is a rapid latex agglutination test. The mean ADA levels were 59.79
+ 21.09 in patients and 20.71 £+ 5.63 in controls, significant at p< 0.01. CRP test was found to be positive in 69/75
cases of RA and none of the controls. The present study observed the importance of ADA as a serum marker in
addition to CRP for better therapeutic management of RA.

INTRODUCTION

Rheumatoid arthritis(RA) isachronic disease
characterized by synovial inflammation and
subsequent tissue damage. It affects approx 1-2
% of world's population (Deborah et a. 2002). In
Indiaaonethereare some 10 million peoplewith
RA.

It isassociated with reduced life expectancy
and is a major cause of chronic disability and
handicap. Hypertrophy and inflammation of the
soft tissuesaround synovid jointsisthe common
phenomenon occurring in RA. The etiology of
RA isnot known but it isclassified as one of the
autoimmune disease (Cassim et al. 2002). There
isaprominent immunological dysfunctioninthe
joints and many other tissues by accumulation
of chronicinflammatory cellsincluding T and B-
lymphocytes, monocytes and macrophages.

Adenosine deaminase (ADA, adenosine
amino hydrolase E.C. 3.5.4.4) is an enzyme
involved in the metabolism of purine bases,
catalyzing the deamination of adenosine, forming
inosinein the process (Fox and Kelly 1998). It's
main physiological activity is related to
lymphocytic proliferation and differentiation. As
amarker of cell mediated immunity, itsactivity is
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found to be elevated in those diseases in which
thereisacell —mediated immune response (Gal anti
etal.1981; Piraseta. 1982).

CRP an acute phase protein is synthesized
by hepatocytes in response to proinflammatory
cytokinesin particular IL-6. It hasbeen shownto
be of great value as an inflammatory marker in
RA and has been suggested to mediate part of
the complement activationin RA (Molenaar et a.
2001).

Therefore the present study is an attempt to
estimate the levels of adenosine deaminase
(ADA) amarker for cell mediated immunity and
C-reactive protein amarker for inflammationin
Indian patientswith RA.

MATERIALSAND METHODS

75 patients presenting rheumatoid arthritis
attending Sri Deepti Rheumatology Centre,
Hyderabad were included in the study. The
diagnosis of RA was established by clinical
analysis, ESR and rheumatoid factor tests. Equal
number of age and sex matched healthy
individualswith no known history of any disease
were taken as controls. All the subjects were
examined clinically and information pertaining to
age, sex, habits and health status was recorded
in specia case proforma. Blood samples were
collected from both controls and patientsfor the
estimation of serum ADA and C-reactive protein.

ADA Estimation: The serum was assayed
immediately for ADA activity at 37°C by a
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spectrophotometric method using adenosine as
the substrate. This method is based on the
Bertholet reaction, that is, the formation of
coloured indophenol complexes from ammonia
liberated from adenosine and quantitated
spectrophotometrically at 630 nm (Guisti and
Galanti 1984). Oneunit of ADA isdefined asthe
amount of enzyme required to release one
micromol e ammoniaper minutefrom adenosine
at standard assay conditions. The activity of
ADA isexpressed in units/ litre.

C-Reactive Protein Detection: For the
detection of CRPin serum, Avitex -CRPkit was
used which is a rapid latex agglutination test.
The test is based on the principle that Avitex-
CRPlatex particles are coated with antibodiesto
human CRP, i.e. when the latex suspension is
mixed with serum containing elevated CRPlevels
on a dlide; clear agglutination is seen within 2
minutes. Avitex —-CRPhasdetection limit of 6 mg/
litre of CRP in the patient’s serum. The test is
considered as positive when the CRP serum
concentration is above 6mg/litre and negative
whenitisat 6 mg/ litre and below.

Satistical Analysis: The data of the study
subjected to statistical analysis is expressed as
mean = SD. Statistical comparisons were
performed by Student ‘t’ test.

RESULTS

Detailed clinical examinationswere performed
by the rheumatologist of the centre and 75
patientswith confirmed diagnosis of rheumatoid
arthritis were included in the study. Adenosine
deaminase levels and C- reactive protein were
determined and are presented in tables 1 to 4.

Age and Sex: In the present study patients
of rheumatoid arthritisbelonged to the age group
of 20-60 years. Among 75patients of RA 18
patients were males and 57 were females as
shownintable 1. Themean + SD of ageinmales
was 44.35 + 13.70 (yrs) and femaleswas 44.1 +
14.37 (yrs) and mean age of control males was
40.46 + 8.45 (yrs) and control femaleswas44.64 +
12.96 (yrs).

Serum ADA Levels: Mean ADA levels
estimated in rheumatoid arthritis patients and
controlsare presented intable 2. Themean £ SD
of ADA levelsin serum of RA patientswasfound
to be 59.79 £ 21.09 and that of the controls was
20.71 + 5.63. The differencein the mean values
was statistically significant at p< 0.01.
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Serum CRP Levels: CRPlevelsestimated in
the RA patients and controls are presented in
tables3 & 4. Inthe present study 69/75 cases of
RA werefound to be positiveto CRPwhileall the
controls were negative for the test. Serum
dilutions were performed to detect the
concentration of CRPin all positive cases.

Table 1: Sex and mean age of Rheumatoid patients

Cases of Rheumatoid arthritis (n=75)

Sex (male/female) 18/57

Age (mean £ SD yrs)
Males 44.35+13.70
Females 44.1 +14.27

Table 2: Serum Adenosine deaminase (ADA) levels
(Units/lit) in patients with Rheumatoid Arthritis
and Controls

Groups Number Serum ADA
of cases Mean + SD

RA patients 75 59.79 + 21.09*

Controls 75 20.71 + 5.63

Significant at p<0.01

Table 3: Serum CRP levels (mg/liter) of patients
with Rheumatoid Arthritis and Controls

Groups No. of cases No. of cases
positive for CRP

RA Patients 75 69

Controls 75 NIL

Table 4: Semi -Quantitative analysis of CRP levels
(mgl/litre) of patients with Rheumatoid Arthritis

Dilution +ve for Concentration
CRP N=69 of CRP

1.2 22 2x6=12

1. 4 19 4x6=24

1: 8 16 8x6=48

1:16 12 16x6=96
DISCUSSION

The disease activity in RA is an expression
of acascade of immunological and inflammatory
reactions, probably initiated by an unknown
stimulus.

Recent evidencein variousfieldshasconsis-
tently indicated that T -cells play akey rolein
initiating and perpetuating theinflammation. The
prominence of T-cells and monocyte/macro-
phages in rheumatoid synovium suggests that
T cells may localize and amplify the effector
functions of monocyte/macrophagesin rheuma-
toid disease (Stamp et al. 2004).

T cells activated by dendritic cells or infla-
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mmatory cytokines, in turn activate monocytes/
macrophages, endothelial cells, smooth muscle
cellsand fibroblaststo produce proinflammatory
cytokines (tumour necrosis factor alpha,
interleukin-6), chemokines, tissuefactor, themain
inhibitor of the coagulation cascade invivo and
finally matrix metal oproteinases responsiblefor
tissue destruction (Monaco et a. 2004).

ADA has been considered as a marker for
cell mediated immunity. Itsrolein cellularimmune
function was known following the detection of
reduced levelsin patients with severe combined
immunodeficiency (Vander weyden and Kelley
1977). It has strongly been suggested that serum
ADA activity reflects monocyte/ macrophage
activity or turnover in different diseases. (Gakis
etd. 1989; Ungerer et al. 1992).

Increased serum ADA activities have been
observed in many infectious diseases caused by
microorganisms such as tuberculosis, leprosy,
brucellosisand in human immunodeficiency virus
(HIV) infection. Gakiset a. (1991) observed high
ADA activities in the sera of patients with
visceral leishmaniasis(Kalaazar).

Serum Adenosine deaminase activity was
also found to be high in myocardial infarction
(Jyothy et al. 2003) and unstable angina (Surekha
et al. 2003) suggesting the contribution of
immunological and inflammatory processin the
pathogenesis of coronary heart disease.

The results of the present study in
rheumatoid arthritis patients indicated highly
significant mean levels of ADA in patients
compared to controls. Hitoglou et al. (2001) has
also investigated the activity of total ADA (t
ADA) inserum of juvenile RA and systemic lupus
erythematosus in different phases of the disease
and showed that increased ADA activity
correlated closely with clinical disease activity
and relapse.

Inanother report Sari et al. (2003) investigated
the correlation between the activity of total ADA
and isoenzymes ADA1 and ADA2 and clinical
activity in patientswith rheumatoid arthritisand
concluded that serumt ADA and ADAZ2 activity
is closely associated with RA and further
suggested that these non-invasive investiga-
tions can be used as biochemical markers for
inflammation which may provide additional
information regarding disease activity along with
thetraditional indices such as ESR and CRP.

Inflammatory processesplay apivotal rolein
the pathogenesis of rheumatoid arthritis. The
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prototypic marker of inflammation is C-reactive
protein (CRP) amember of the pentraxin family.
The production of CRP in the liver is triggered
by various proinflammatory cytokines derived
either from monocytes and or macrophages. The
proinflammatory responseresultsin theincreased
secretion of interleukin—1 3 and tumor necrosis
factor - a which then resultsin therelease of the
messenger cytokine, interleukin - 6 which
stimulatestheliver to secrete CRP. It wasthought
as a bystander marker of inflammation, without
playing adirect rolein theinflammatory process.

Recent studies suggest that CRP may also
contribute directly to the proinflammatory state.
CRP gtimulatesmonocyterel ease of inflammatory
cytokines such as IL-1f3, IL-6 and TNF-a and
may also directly act as a proinflammatory
stimulusto phagocytic cells. (Balloreet al.1992,
Bharadways et al. 1999, Stankcikova and
Rovensky 1993).

In the present study the levels of C-reactive
protein were significantly high in the patients
compared to controls. Similarly Milovanoicet a.
(2004) and Klimiuk et al. (2003) also observed
high values of CRP indicative of active
inflammationin RA patients. Yildirim et al. (2004)
studied the association between acute phase
reactant(APR) levelsand disease activity score(
DAS28) in patientswith rheumatoid arthritisand
found that serum CRP, among the various APR
tests(erythrocyte sedimentation rate (ESR),
haptoglobin (Hp), ferritin, and plasma
fibrinogen.), isthemost useful biochemica marker
for evaluating the disease activity of patients
with RA.

The understanding of the pathophysiology
of RA and precise knowledge of the possible
triggers of the inflammation may open novel
therapeutic approaches. Hence, the present
study suggests the importance of measuring the
biomarkers of inflammation assessed in the study
not only to determinethe severity of inflammation
but also to evolve targeted treatment strategies
for better management of the condition.

REFERENCES

Ballou SP, Lozanski G 1992. Induction of inflammatory
cytokine release from cultured human moncytes by
C-reactive protein. Cytokine, 4: 361-368.

Bharadway D, Stein MP, Vozer M, Mold C, Duclos TW
1999. The major receptor for C reactive protein
on leukocytes is FC -y receptor I1. J Exp Med, 190:
585-590.



198

Cassim B, Mody G, Bhoola K 2002. Kallikrein cascades
and cytokines in inflamed joints. Pharmacol Ther,
94(1-2): 1-34

Deborah PM 2002. Epidemiology of rheumatoid
arthritis: Determinants of onset, persistence and
outcome. Clin Rheu, 111:172-177.

Fox IH, Kelley WN 1978. The role of adenosine
deaminase and 2’ deoxyadenosine in mammalian
cells. Ann Rev Biochem, 47: 655-686.

Galanti B, Nardiello S, Russo M, Fioentino F 1981.
Increased lymphocyte adenosine deaminase in
typhoid fever. Scandinavian J Infect Dis, 13: 47-
50.

Gakis G, Calia GM, Naitana AG, Ortu AN, Contu A 1991.
Serum and pleural adenosine deaminase activity.
Chest, 99: 1555-1556.

Guisti G, Galanti B 1984. Adenosine deaminase: In:
H.U.Bergmeyer (Ed.): Methods of Enzymatic
Analysis. 1-39 Edn., Verlag Chemie, Weinheim. New
York: Academic Press, pp. 315-323.

Hitoglou S, Hatzistilianou M, Gougoustamou D,
Athanassiadou F, Kotis A, Catriu D 2001. Adenosine
deaminase activity and its isoenzyme pattern in
patients with juvenile rheumatoid arthritis and
systemic lupus erythematosus. Clin Rheumatol,
20(6): 411-6.

Jyothy.A, Surekha Rani H, Dayasagar Rao.V, Reddy PP
2003. Serum adenosine deaminase activity in
Myocardial Infarction. Int J Hum Genet, 3(1):
65-67.

Klimiuk PA, Sierakowski S, Chwiecko J 2003. Serum
interleukin 6 (il-6) concentration correlates with
matrix mettaloproteinases and their tissue inhibitors
in rheumatoid arthritis. Pol Arch Med Wewn, 109(2):
119-123.

Molenaar TH,. Voskuyl AE, FamilianA, Mierlo GJ,
Dijkmans BA, and Hack CE 2001. Complement
Activation in Patients With Rheumatoid Arthritis
Mediated in Part by C-Reactive Protein. Arthritis
& Rheumatism, 44(5): 997-1002

Milovanoic M, Nilson E, Jaremo P 2004. Relationship
between platelets and inflammatory markers in

H. SUREKHA RANI ET AL.

rheumatoid arthritis. Clin Chim Acta, 343(1-2):
237-240.

Monaco C, Andreakos E, Kiriakidis S, Feldmann M,
Paleolog E 2004. T-cell-mediated signaling in
immune, inflammatory and angiogenic processes:
The cascade of events leading to inflammatory
diseases. Curr Drug Targets Inflamm Allergy, 3(1):
35-42.

Piras MA, Gakis C, Budroni M, Andreoni G 1978.
Adenosine deaminase activity in pleural effusions;
an aid to differentia diagnosis Br Med J, 2: 1751-
1752

Sari RA, Taysi S, Yilmazo, Bakan N 2003. Correlation
of serum levels of adenosine deaminase activity
and its isoenzymes with disease activity in
rheumatoid arthritis 2003. Clin Exp Rheumatiol,
21: 87- 90.

Stamp LK, James MJ, Cleland LO 2004. Interleukin -
17: the missing link between T-cell accumulation
and effector cell actions in rheumatoid arthritis?
Immunol Cell Biol, 82(1): 1-9.

Stankcikova M, Rovensky J 1993. Effect of cyclosporin
on the activity of cytidine deaminase and adenosine
deaminase in the serum and polymorphonuclear
leukocytes of patients with rheumatioid arthritis.
Int J Tiss Reac, 15: 169-174.

Surekha Rani H, Dayasagar Rao V, Shiva Prakash M,
Jyothy A 2003.Serum Adenosine deaminase activity
and C-reactive protein levels in unstable angina.
Ind J Hum Genet, 9 (1): 17-20

Ungerer JP, Oosthuizen HM, Bisbort SH, Vermaah WJ
1992. Serum adenosine deaminase: isoenzymes and
diagnostic applications. Clin Chem, 38:1322-1326.

Vander Weyden M, Kelley WN 1977. Adenosine
deaminase deficiency and severe combined
immunodeficiency. Life Sciences, 20:1645-1650.

YildirimK, Karatay S, Melikoglu MA, Gureser G, Ugur
M, Senel K 2004. Associations between acute phase
reactant levels and disease activity score (DAS28)
in patients with rheumatoid arthritis Ann Clin Lab
Sci, 34(4): 423-426.



