Antibodies to citrulline peptides in patients with rh. arthritis A.Barakat, H.Hasony, A.AL Khafaji & T.Mezal

Basrah Journal
Of Surgery

Original Article
Bas J Surg, March, 15, 2009

DIAGNOSTIC VALUE OF ANTIBODIES TO
CITRULLINE CONTAINING PEPTIDES IN PATIENTS
WITH RHEUMATOID ARTHRITIS IN SOUTHERN IRAQ

Ali M Barakat, Hassan J Hasony®, Adnan T Al-Khafaji*

& Thuraya J Mezal®
*BSc MSc, Dept. of Internal Medicine, College of Medicine, Thigar University. ®MPhil, PhD, Dept. of
Microbiology, College of Medicine, University of Basrah. “MB,ChB, MSc, PhD, Dept. of Internal
Medicine, College of Medicine, Thigar University. *MB,ChB, MSc, PhD, Dept. of Microbiology, College
of Medicine, University of Basrah.

Abstract

A serological study has been done in Al-Nassiriyha, southern Iraq, from December 2006 to
August 2007 designed to determine the frequency of anti-cyclic citrullinated peptide antibody
(anti-CCP) in a group of patients with rheumatoid arthritis for specific period of time compared
with other rheumatic diseases and healthy controls. Also to show the diagnostic value of
anti-CCP antibody in relation to other markers [rheumatoid factor (RF), antinuclear factor (ANF),
C-reactive protein (CRP) and cytokines such as interleukin—6 (IL-6), tumor necrosis factor—a
(TNF-a)] to discriminate between those patients with and without RA.

Blood samples were taken from 121 patients with rheumatoid arthritis, 88 patients of other
rheumatic diseases from AL-Hussein Teaching Hospital in AL-Nassiriyah and 120 healthy
controls from medical personnel and school students who were healthy. All the information was
taken from the patients and controls.

An Enzyme-linked immunosorbent assay was used for estimation of anti-CCP, IL-6, TNF-a and
slide agglutination test for the estimation of RF, CRP and ANF. The seropositivity to anti-CCP in
RA patients group was 61.2% among them 23% with low levels of anti-CCP, 25% with
moderate levels and 51.3% with high levels (> 60 units /ml.).The high levels of anti-CCP persist
for long durations up to 10 years (54.7%). However, anti-CCP was rarely detected among non-
RA rheumatic diseases and healthy controls (2.3% and 2.5% respectively). Anti-CCP showed
the greater specificity (97.6%) and sensitivity (61.2%) compared to the other marker used in this
study. The overall agreement between the tested parameters in their ability to detect RA patient
was higher for anti-CCP combined to IL-6 (91.7%) in comparison to the effect of other markers
combination. Although anti-CCP was more common in RA patient with 2-10 years duration of
illness, anti-CCP, IL-6 and TNF-a positivity as estimated by ELISA were persistently with high
titers regardless the duration of illness. The majority of RA patients with high anti-CCP levels
were among stage three of clinical RA. Smoking has a positive relation to the increased levels
of all tested parameters compared to the non-smokers.

Introduction
Schellekens et al' showed that citrulline
is an essential constituent of antigenic

in close apposition to macrophages,
resulting in high production of pro-

determinant for rheumatoid arthritis (RA)
specific autoantibodies, that led to the
development of anti-cyclic citrullinated
peptides  antibody (anti-CCP). The
pathology of RA lesions reveals a
prominent CD4 T-cells synovial infiltrate

&y

inflammatory cytokines such as TNF-a,
Interleukin-1  (IL-1) and proteolytic
enzymes®. In addition, antibody producing
B cells are abundantly present in the
synovium producing autoantibodies such
as rheumatoid factor (RF) and anti-CCP
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that may be pathogenic by the formation
and deposition of immune complexes in
the lesion®. High levels of inflammatory
mediators (IL-1B, IL-6, TNF-a) stimulate
mesenchymal cells such as synovial
fibroblast (Cynoviocytes), osteoclast and
chondrocytes to release tissue-destroying
Matrix Metaloproteinases (MMPs)
causing further destruction®. RA activity
reflects an ongoing imbalance between
pro- and anti-inflammatory cytokines.
TNF-a is a critical pro-inflammatory
cytokine mediates many inflammatory
processes in RA including immune-cell
activation and proliferation, opoptosis and
regulation of leukocytes movement’. 1L-6
regulates the production of acute phase
proteins by hepatocytes and activates
osteoclasts to absorb bone®. High
concentration Of IL-6 have been detected
in synovial fluid and serum of RA patients
that highly correlate with disease activity®.
RF is not very specific for RA because it
can be found in other autoimmune diseases
and in 3-5% of healthy populations, a
percentage that increases up to 10-30%
with aging™. Anti-CCP has been approved
for the diagnosis of RA'.The test is
moderately sensitive (41-80% depending
on the cohert studied) and approximately
90-98% specific for the diagnosis of
RA™_ Anti-CCP can appear in both early
and advanced RA cases’ and their
presence predicts the development of RA
in apparently healthy individuals before
the occurrence of clinical symptoms and in
patients with undifferentiated arthritis™®.
Investigators suggested the superiority of
anti-CCP over IgM RF in predicting an
erosive disease course'’. In a study of
early synovitis patients with a variety of
diagnosis, the presence of anti-CCP had
the highest predictive value of any
laboratory test for the development of
persistent synovitis and for development
of erosive arthritis at two years after
presentation'®. The presence of anti-CCP
in long term follow-up of patients is a risk
factor for development of erosive
arthritis™*°.,

23

This study aimed on the determination of
anti-CCP prevalence in RA patients
compared to healthy control and other
rheumatic diseases, the relation of anti-
CCP to RF, CRP, and some cytokines as
IL-6, TNF-a and to evaluate the
combination of anti-CCP and RF and
other markers in the prediction of RA.

Materials and methods

Study population: A case control study
was carried out from January 2007 till
August 2007, included 121 rheumatoid
arthritis (RA) patients (95 females and 26
males); those fulfilled the revised
American College of Rheumatology
criteria®® from the patients (RA group)
consulted the orthopaedic/rheumatology
clinics and the clinic of internal medicine
at Al-Hussein Teaching Hospital in
Thigar governorate. The control group
included 88 patients with rheumatic
diseases other than RA (non-RA group):
73 females and 15 males, and 120 healthy
individuals (31 males and 89 females)
with no history or abnormal physical
findings through their clinical examination
by specialist and their routine laboratory
investigations.

Blood was drawn from both patients and
controls. Separated serum was divided
into two parts. The first was used directly
(fresh) for the detection of RF, CRP, and
ANF by latex agglutination test Kits
provided by; RF: plasmatic, cat. No. 0109,
UK, CRP: Biokit, Spain, ANF:
STANDARD Co, UK. And the second
part was kept frozen until use for the
detection of anti-CCP by ELISA Kits
(IMMUN Co., DIAGNOSTICS/ Buffallo
INY/Cat N0.8001) and TNF*™ and IL-6
were detected by Enzyme amplified
sensitivity immunoassay (EASIA) from
BIOSOURCE EUROPE SA, Rue de
I’Industrie, 8B-1 400 Nivelle, Belgium/
Cat No. KAL75). All procedures were
done according to the manufacturer’s
instructions. Anti-CCP titer was expressed
in units determined by using the
calibration sera for construction of the
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calibration curve (provided by the
manufacturers). Any sample with < 20
units considered negative for anti-CCP
and the range of 20-39U as weak positive,
40-59 U as moderate positive and 60 U or
more considered as strong positive. Any
value of IL-6 greater than 6 pgm/ml
considered positive and any value greater
than 21 pgm/ml was considered positive
for TNF-a by EASIA test. For the
interpretation of RF; any agglutination in
the sample equal or greater than 8 1U/ml
considered positive and the lack of
agglutination in the sample (< 8 1U/ml)
considered negative. Clear agglutination
for CRP in serum sample equal or greater
than 6 mg/L (positive results) and the lack
of agglutination (< 6 mg/L) considered
negative for CRP and for ANF, the
presence of agglutination within one
minute considered positive for ANF (as
recommended by the manufacturers).

Results

The prevalence of anti-CCP as
estimated by ELISA was 61.2% (74/121)
among RA group compared to 2.3%
among rheumatic diseases other than RA
and 2.5% among healthy control group
(Table 1). The seropositivity of the slide
agglutination RF test was 57% (69/121)
among RA patients and 21.6% and 9.2%
among rheumatic disease and healthy
control groups respectively. Also there
were 81% of RA patients positive for
CRP, 60.2% of rheumatic disease group
positive to CRP while 8.3% of healthy
controls showed CRP positive results.
The test for ANF showed lower results
among all the three groups which were
10%, 9.2%, and 3.3% among RA,
rheumatic diseases and healthy control
groups respectively.

The test for TNF-a and IL-6 by the use
of EASIA showed that 47.1% and 54.5%
of RA patients were positive for TNF-a
and IL-6 respectively(Table I). However,
rheumatoid diseases and healthy control
groups showed lower percentages of
seropositivity to these cytokines which

¢0o

was 17%, 5% for TNF- a in both groups,
and 25% and 7.5% for IL-6 in both
groups.

The prevalence of anti-CCP, IL-6 and
TNF-a in relation to the duration of
illness of RA patients is presented in
table 11.

The percentages of sero-positivity to
anti-CCP was increased as the duration
of illness increased. On the other hand,
the percentages of patients with IL-6
(53%) and TNF- a (52.6%) were peaked
by 2-10 years of illness duration, then
dropped to lower levels beyond the 10™
years of duration.

Table 111 shows the levels of anti-CCP,
IL-6 and TNF- o where the majority
presented with high levels of the three
markers; anti-CCP (51.3 %), IL-6 (50%)
and TNF-a (51%) at the time of
presentation. Although RA patients
presented with variable rates of illness
duration, anti-CCP persist for longer
periods with high levels of antibody
titers (Tables 11 & 111).

The ability of each test to predict a
positive or negative case is presented in
table IV. Although there were a variation
in the sensitivity and specificity of
various  tests, anti-CCP  antibody
detection has a powerful prediction
ability to detect RA positive cases in
93.7 % and to point the negative RA in
81.2 % of the tested population. TNF- a
rises has almost an equal prediction
values for a positive (73%) or negative
(74.5%) RA cases. However IL-6 and
RF seropositivity showed closed ability
in prediction of positive RA (68% and
69% respectively) and negative RA
(76.2% and 77.4% respectively) cases.
Table V shows the agreement of anti-
CCP seropositivity with the presence of
some RA related laboratory parameters
together with combined anti-CCP
sensitivity and specificity with one of the
variables. The presence of anti-CCP
together with IL-6 agreed in 91.7% of
tested sera with a combined sensitivity
and specificity of 98.3% and 83.6%
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respectively. The presence of anti-CCP
combined to TNF-a show a degree of
agreement in 84.3 % with sensitivity of
98.2 % and specificity of 71.8 %. The
degree of agreement of anti-CCP with
RF was 79.3 % with a sensitivity of 85.6
% and specificity of 71.2%. However,

the presence of anti-CCP together with

CRP and ANF agreed in

lower

percentages which were 66.9 % and 42.1
% respectively. Also the sensitivity and
specificity of this combination was lower
for both; 67.4%, 66.6 % and 65.2 %,

39.4 % respectively.

Table I: Serological parameters in patients with rheumatoid arthritis, rheumatic diseases

and healthy controls.

udy groups | Rheumatoid arthritis Rheumatic diseases Healthy control

N+ve / Tested (%) N-+ve/Tested (%) N+ve/Tested (%)
N =121 N =88 N =120

Test N % N % N %

Anti- CCP 74 61.2 2 2.3 3 2.5
¥? = 109.091 df=2 P =0.000

RF 69 57.0 19 21.6 11 9.2
2 =42.023 df =2 P =0.000

CRP 98 81.0 53 60.2 10 8.3
¥ =56.920 df =2 P =0.000

ANF 12 10.0 8 9.1 4 3.3
= 4.909 df =2 P=0.142

IL-6 66 54.5 22 25.0 9 7.5
y* =38.614 df =2 P =0.000

TNF-a 57 47.1 15 17.0 6 5.0
¥ =40.696 df =2 P =0.000

Table II: Prevalence of anti-CCP, IL-6 & TNF-a in relation to the duration of illness (RA

group).

Duration of Anti-CCP I1L-6 TNF-a
illness (YY) N+ve (%) N+ve (%) N+ve (%)
< 2years 23 (54.8%) 23 (34.5%) 18  (33.5%)

2—10 years 42  (63.6 %) 35 (53.0%) 30 (52.6 %)
> 10 years 9 (69.2%) 8 (12.1%) 9 (15.8 %)

Total 74 (61.2 %) 66 (54.5%) 57  (47.1 %)

€1
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Table 111: The levels of anti-CCP, IL-6 and TNF-a in positive cases:

Type of marker Levels of serologic parameter
(No. +ve) Low Moderate High

N (%) N (%) N (%)

Anti-CCP 17 (23.0%) 19 (25.6 %) 38 (51.3%)
(n=74)

IL-6 14 (1 21.2%) 19 (28.8 %) 33 (50.0%)
(n=66)

TNF-a 12 ( 21.0 %) 16 (28.0 %) 29 (51.0%)
(n=57)

Low titer ELISA of anti-CCP : 20 — 39 units, Mod.:40 — 59 units, High > 60 units
Low IL- 6 EASIA 7 —15.1 pg/ml, Mod.:15.2 — 40 pg/ml, High:> 40 pg /ml.
Low TNF-a EASIA 21- 40 pg/ml., Mod.: 41- 60 pg/ml, High: > 60 pg /ml.

Table 1V: Comparison of the sensitivity and specificity between serological parameters.

(control =208, RA = 121)

Test sensitivity specificity PPV NPV
Anti-CCP 61.2 % 97.6 % 93.7% 81.2 %
ANF 9.9% 94.2 % 50.0 % 64.2 %
TNF- a 47.1% 90.0 % 73.0% 74.5%
RF 57.0% 85.6 % 69.7 % 77.4%
IL-6 54.5 % 85.1 % 68.0 % 76.2 %
CRP 81.0% 69.7 % 60.8 % 86.3 %

PPV: positive predictive value.

NPV: Negative predictive value.

Table V: Comparison of the overall agreement of the locally available laboratory tests to

diagnose rheumatoid arthritis.

Test Overall agreement Sensitivity Specificity
% % %

Anti-CCP X IL- 6 91.7 98.3 83.6

Anti-CCP X TNF-a 84.3 98. 2 71.8

Anti-CCP X RF 79.3 85.6 71.2

Anti-CCP X CRP 66.9 67.4 65.2

Anti-CCP X ANF 42.1 66.6 39.4

Discussion

This is the first attempt to our patients sera®?2. The figure obtained in

knowledge to present the results of RA
serological study in AL-Nassiriyah
governorate, southern Irag. The present
study showed that the seropositivity of
anti-CCP antibodies generally higher in
RA patients (61.2 %) than in rheumatic
diseases and normal individuals. This
IS because these antibodies raised
against  different epitopes in
citrullinated peptides present in RA

1A%

this study almost comparable to 62.5 %
reported in  Iran on anti-CCP
antibody®. and 70% an overall
prevalence in Netherlands®*.

The current study showed that the
seropositivity of  anti-CCP  was
increased with increased duration of
illness. The exact explanation of this is
not so clear, although there are some
possible reasons might be due to
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several  micro-organism  produces
arginine to citrulline  deiminase
activities® or due to the hypothesis of
humoral responses to bacteria that may
lead to stimulation of the inflammatory
process for RA development® by
triggering the immune system to
generate a T cell and, next, B cell
responses to citrullinated antigens.
However, the over time stability of
anti-CCP titers has been reproduced by
many studies®”?°, whereas the changes
in levels have varied across study
populations®. On the other hand,
decreases in anti-CCP titers has been
recently  correlated with clinical
improvement after infliximab therapy
in patients with RA®32, This treatment
is unavailable in our country and the
other DMARDs do not reduce anti-
CCP titers.

After thorough search in the locally
available conventional literature and
then Internet we obtained only few
studies investigating serum levels of
TNF-a and IL-6 in RA patients. A
study carried out by Lene S.et al** who
observed the circulating levels of I1L-6
were significant elevated in RA
patients compared with healthy
subjects (p<0.001) and showed that in
the early RA patients, serum IL-6 was
lower compared to patients with
erosive RA where serum IL-6 was
significantly higher. Also, there are no
strong correlation between age and the
IL-6 concentration®® and no difference
in IL-6 concentrations between men
and women®**. Another study carried
out by Norbert et al (2008) showed that
IL-6 in combination with anti-CCP has
the highest classification power for the
diagnosis of RA®*. These two studies
have a good agreement with our results
obtained from this study. However,
another studies found that only
10—21% of RA patients had normal
serum IL-6>"%. In contrast it has been
reported that approximately 66% of RA
patients had normal serum 1L-6%.

EA

These differences are probably due to
different assay used and different RA
populations with different disease
activity.

The current study showed that the
seropositivity and titers of cytokines
IL-6 and TNF-a were significantly
higher in RA patients serum compared
to the control groups. However,
cytokines other than IL-6 and TNF-a
might be involved in immunological
mechanisms which constitute another
limitation of this study, as we were
unable to conduct assays for additional
cytokines. We found that patients in the
2- 10 years duration of RA had higher
levels of TNF-a than patients in other
groups. This may be because the study
mainly depends on already diagnosed
RA cases with regular attendance to the
rheumatology clinic and TNF-a levels
may reflect RA reactivity“.

This study establishes the value of
anti-CCP antibody in the diagnosis of
RA in comparison to IL-6, TNF-a,
ANF, C-reactive protein and RF tests.
The specificity obtained for the anti-
CCP test (97.6%) was similar to that
found by other studies: 91-98 %*1+4?,
However, there is a considerable
variation in the diagnostic sensitivity of
anti-CCP, ranging from 41-68%"3'142,
This variation can be attributed to the
different serum dilutions tested or more
probably, to the different cut-off values
used in the interpretation of the results.
In the present study, the sensitivity of
anti-CCP antibody was 61.2%, did not
significantly differ from that obtained
for RF (57%), 1L-6 (54.5%) and TNF-
o (47.1%) but was significantly higher
than that obtained for ANF (9.9%) and
lower than CRP (81%), hence, anti-
CCP antibody test has moderate
sensitivity and excellent specificity.
These results are consistent with some
studies in Switzerland*.

It is clear that combining anti-CCP
with 1L-6 tests carries the best outcome
in diagnosing RA and this combination
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is superior to the anti-CCP with RF
tests. This finding is in consistent with
another study carried out by Norbert et
al (2008)% showed that the best marker
is the combination of anti-CCP and
interleukin ~ (IL)-6 resulted in a
sensitivity gain of (85.9% vs.78.3%) at
a minor loss in the specificity of 90.3%
vs. 91.9% compared with anti-CCP as
the best single marker and found the
anti-CCP alone or anti-CCP in
combination with IL-6 has the highest
classification power for the diagnosis
of RA®. It is possible that the
combinations of CRP level and anti-
CCP antibody close to the time of
diagnosis may strongly predict incident
disease™. However, we do not have
data on combination of CRP level and
anti-CCP antibody to examine this
question, but the current study showed
that the combination between anti-CCP
and CRP has a sensitivity of 67.4% and
specificity of 65.2%, which is not
highly encouraging.

The results of combining anti-CCP
with RF in this study are different to
those calculated in Iran by Sakineh-
Khatoun et al, 2007 (sensitivity 62.9
%; specificity 92.3 %)%. It also
different from Schellekens et al.(2000)
findings (sensitivity 39 %; specificity
98 %)™

The overall agreement measured for
anti-CCP-RF combination in our study
(79.3 %) differs from one study
measured by S. Bas et al.,2002 (36
%)* and another study conducted in
Greek showed the presence of either

References

antibody (anti-CCP antibody and/ or
RF) with increased sensitivity (75.5%),
whereas the presence of both
antibodies (anti-CCP antibody and RF)
with increased specificity 98.2%*.
Anti-CCP antibodies (CCP1 test) have
been used successfully to diagnose
persisted arthritis as compared to self-
limited arthritis'®, or to differentiate
RA (CCP2 test) from early
undifferentiated  arthritis’®.  Our
findings of sensitivity (61.2%) and
specificity of (97.6%) for anti-CCP in
RA are in agreement with these studies.
However, measurement of anti-CCP
antibodies may have clinical utility in
helping to establish a diagnosis of early
RA or in RF-negative patients.
Anti-CCP test has the most powerful
predictivity and validity compared to
other concerned tests, a probability
need to be put in mind that the anti-
CCP specificity may be improved if
ELISA kit we used of the second
generation?® .An important fact should
be mentioned regarding false positive
(those not showing typical clinical
RA), cases allocated by the anti-CCP,
may have value since the more recent
studies showed anti-CCP could be
detected 1.5 — 9 years before the onset
of arthritis and progression from
undifferentiated polyarthritis to RA in
93 % of anti-CCP positive patients®.
This simply means that many of the
early positive anti-CCP tests will
develop RA in the future and the test
can be used as predictor to the disease
advances.

1. Schellekens GA, de Jong BA, van den Hoogen FH, van de Putte LB & van Venrooij WJ. Citrulline is an essential constituent of
antigenic determinants recognized by rheumatoid arthritis-specific autoantibodies. Journal Clinical Investigation 1998;101:273-281.

2. Firestein GS. Evolving concepts of rheumatoid arthritis. Journal of Nature Clinical Practice Rheumatology. 2003; 423: 356— 361.

3. WHO. Environmental Health Criteria 236, principles and methods for assessing Autoimmunity associated with exposure to

chemicals.WHO.2006. ISBN 92 4 157236 1.

4. Ewa Berglin. Predictors of Disease Onset and Progression in Early Rheumatoid arthritis ,A Clinical, Laboratory and Radiological Study.
Thesis submitted to Department of Public Health and Clinical Medicine, Rheumatology,Umed& University, Sweden. 2006.Available at:

http://www.diva-portal.org/umu/theses/abstract.xsql?dbid=669&lang=sv accessed in: 18 / 5 /2007.

5. Krane SM ,Conca W, Stephenson ML, Amento EP and Goldring MB. Mechanisms of matrix degradation in rheumatoid arthritis.
Journal of Annals of the New York Academy of Sciences.1990; 580:340 — 354.
6. Choy EH, Panayi G. Cytokine pathway and joint inflammation in rheumatoid arthritis. New England Journal of Medicine 2001; 344:

907—916.

7. L. Roberts and G. J. Mccoll. Tumour necrosis factor inhibitors: risks and benefits in Patients with rheumatoid arthritis. Internal Medicine

Journal 2004; 34: 687—693.

8. Michael T.Lotze, Angus W.Thomson. Measuring Immunity: Basic Biology and Clinical Assessment, Elsevier. ISBN0-12-455900-

X,London.2005. Chapter (42) pp48I-489.

Bas J Surg, March, 15, 2009



Antibodies to citrulline peptides in patients with rh. arthritis A.Barakat, H.Hasony, A.AL Khafaji & T.Mezal

9. Lilika Zvezdanovi, Vidosava, Vladan,Tatjana Cvetkovi et al. The significance of cytokines in diagnosis of autoimmune diseases.
Jugoslov Medical Biochemistry 2006; 25 (4): 363 — 372.

10. Koivula, Marja-Kaisa, Autoantibodies binding citrullinated type | and Il Collagens in rheumatoid arthritis. Thesis submitted to Faculty
of medicine, Department of Clinical Chemistry, University of Oulu, Finland.2006.0f Oulu, Finland Acta Univ. Oul. D 881, 2006 Oulu,
Finland. Available at:http:/herkules.oulu.fi/fisbn9514281101/accessed in 25/7/2007.

11. Schellekens GA, Visser H, de Jong BAW, et al. The diagnostic properties of rheumatoid arthritis antibodies recognizing a cyclic
citrullinated peptide. Journal of Arthritis & Rheumatism 2000;43:155-163

12. Lee DM, Schur PH. Clinical utility of the anti-CCP assay in patients with rheumatic diseases. Annals of the Rheumatic Diseases
2003; 62:870- 874.

13. Bas S, Perneger TV, Seitz M, et al. Diagnostic tests for rheumatoid arthritis: comparison of anti-cyclic citrullinated peptide antibodies,
anti-keratin antibodies and IgM rheumatoid factors. Rheumatology (Oxford) 2002; 41: 809-814.

14. Samanci N, Ozdem S, Akbas H, Mutlu D, Gultekin M, Arman M & Donmez L Diagnostic value and clinical significance of anti-CCP in
Patients with advanced rheumatoid arthritis. Journal of Clinical Rheumatology 2005; 97:1120-1126.

15. Rantapaéa-Dahlqvist S, de Jong BA, Berglin E, Hallmans G et al.Antibodies against cyclic citrullinated peptide and IgA rheumatoid
factor predict the development of rheumatoid arthritis. Journal of Arthritis and Rheumatism 2003; 48: 2741-2749.

16. Van Gaalen FA, Linn-Rasker SP, van Venrooij WJ.et al.Autoantibodies to cyclic citrullinated peptides predict progression to
rheumatoid arthritis in patients with undifferentiated arthritis. Journal of Arthritis and Rheumatism 2004 ; 50: 709-715.

17. Pooja Khosla, S Shankar, Lalit Duggal . Anti — CCP antibodies in Rheumatoid Arthritis. Journal Indian Rheumatology Association
2004: 12:143- 46.

18. Visser H, le Cessie S, Vos K, et al. How to diagnose rheumatoid arthritis early: a prediction model for persistent (erosive) arthritis.
Journal of Arthritis and Rheumatism 2002;46:357- 365.

19. Genevay S, Hayem G, Verpillat P, Meyer O. An eight year prospective study of outcome prediction by antiperinuclear factor and
antikeratin antibodies at onset of rheumatoid arthritis. Annals of the Rheumatic Diseases 2002; 61: 734- 736.

20. Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF, Cooper NS, et al. The American Rheumatism Association 1987 revised
criteria for the classification of rheumatoid arthritis. Journal of Arthritis & Rheumatism 1988; 31:315-24.

21. Brighton SW, de la Harpe AL, van Staden DJ, Badenhorst JH, Myers OL. The prevalence of rheumatoid arthritis in a rural African
population. Journal of Rheumatology 1988;15:405-8.

22. Silman AJ, Ollier W, Holligan S, Birrell F, Adebajo A, Asuzu MC, et al. Absence of rheumatoid arthritis in a rural Nigerian population.
Journal of Rheumatology 1993;20:618-22.

23. Sakineh-Khatoun Sharif, Shahin Eghbal, Farhad Gharibdoost et al. Comparative study of anti-CCP and RF for the diagnosis of
rheumatoid Arthritis. APLAR Journal of Rheumatology 2007; 10: 121- 124.

24. Kroot EJ, de Jong BA, van Leeuwen MA, et al. The prognostic value of anti-cyclic citrullinated peptide antibody in patients with
recent-onset rheumatoid arthritis. Journal of Arthritis and Rheumatism 2000; 43: 1831-1835.

25. Sverdrup B, Kallberg H, Bengtsson C, Lundberg I, Padyukov L, Alfredsson L & Klareskog L .Association between occupational
exposure to mineral oil and rheumatoid arthritis: results from the Swedish EIRA case-control study. Journal of Arthritis Research and
Therapy 2005; 7: 1296-1303.

26. Rosenstein ED, Greenwald RA, Kushner LJ & Weissmann. Hypothesis: The humoral immune response to oral bacteria provides a
stimulus for the development of rheumatoid arthritis. Journal of Inflammation 2004; 28: 311-318.

27.Mikuls TR, O'Dell JR, Stoner JA, et al. Association of rheumatoid arthritis treatment response and disease duration with declines in
serum vels of IgM rheumatoid factor and anti-cyclic citrullinated peptide

antibody. Journal of Arthritis & Rheumatism 2004;50:3776- 3782.

28. Bobbio-Pallavicini F, Caporali R, Alpini C, et al. High IgA Rheumatoid Factor levels are associated with poor clinical response to TNF
- a inhibitors in rheumatoid arthritis. Journal Annals of the Rheumatic Diseases 2006; Nov 1.DOI:10.1136/.060608.

29.Ronnelid J, Wick MC, Lampa J, et al. Longitudinal analysis of citrullinated protein/peptide antibodies (anti-CP) during 5 year follow up
in early rheumatoid arthritis: anti-CP status predicts worse disease activity and greater radiological progression. Annals of the
Rheumatic Diseases 2005; 64: 174 — 1749.

30.Alf Kastbom. Autoantibodies and genetic variation in rheumatoid arthritis, Aspects on susceptibility and disease course. PhD thesis
submitted to Faculty of Health Sciences, Linkdping  University, —Sweden. Sweden.2007 Available at
-http://www.ep.liu.se/abstract.xsgl?dbid=8618 accessed in : 12/5/ 2007.

31. Alessandri C, 2004 Alessandri C, Bombardieri M, Papa N, Cinquini M, Magrini L, Tincani A, Valesini G: Decrease of anti-cyclic
citrullinated peptide antibodies and rheumatoid factor following anti-TNF-a_ therapy (infliximab) in rheumatoid arthritis is associated
with clinical improvement. Journal Annals of the Rheumatic Diseases 2004, 63:1218- 1221.

32. Bobbio-Pallavicini F, Alpini C, Caporali R, Avalle S, Bugatti S, Montecucco C: Autoantibody profile in rheumatoid arthritis during long-
term infliximab treatment. Journal of Arthritis Research & Therapy 2004 ; 6:R264-R272.

33. Lene S. Knudsenl, Ib J. Christensen, Tine Lottenburger, Mads N. et al. Pre-analytical and biological variability in circulating
interleukin 6 in healthy subjects and patients with rheumatoid arthritis. Journal of Biomarkers, February 2008; 13 (1): 59—78.

34. Hager K, Machein U, Krieger S, Platt D, Seefried G, Bauer J.Interleukin-6 and selected plasma protein in healthy persons of different
ages. Journal of Neurobiology of Aging 1994; 15:771—772.

35. Maggio M, Guralnik JM, Longo DL, Ferrucci L. Interleukin-6 in aging and chronic disease: a magnificent pathway. Journal of
Gerontology 2006; 61A:575—584.

36. Norbert Wild; Johann Karl; Veit P. Grunert et al. Diagnosis of Rheumatoid arthritis: multivariate analysis of biomarkers. Journal of
Biomarkers, 2008; 13, 1, pages 88 — 105.

37.Dasgupta B, Corkill M, Kirkham B, Gibson T, Panayi G. Serial estimation of interleukin 6 as a measure of systemic disease in
rheumatoid arthritis. Journal of Rheumatology 1992; 19:22—25.

38. Knudsen LS, @stergaard M, Baslund B, Narvestad E, Petersen J. et al. Plasma IL-6, plasma VEGF, and serum YKL-40: relationship
with disease activity and radiographic progression in rheumatoid arthritis patients treated with infliximab and methotrexate.
Scandinavian Journal of Rheumatology 2006 ; 35 : 489—495.

39. Houssiau F, Devogelaer JP, Van DJ, de Deuxchaisnes CN, Van SJ. Interleukin-6 in synovial fluid and serum of patients with
rheumatoid arthritis and other inflammatory arthritides. Journal of Arthritis and Rheumatism 1988; 31:784—788.

40.Roux S and Orcel P. Bone loss. Factors that regulate osteoclast differentiation: an update. Journal of Arthritis Research 2000; 2: 451-
456.

41. Nancy A. Shadick, Nancy R. Cook, Elizabeth W.et al. C-Reactive Protein in the Prediction of Rheumatoid Arthritis in Women. Journal
of Archives of Internal Medicine. 2006; 166:2490-2494

42. Bizzaro N, Mazzanti G, Tonutti E, Villalta D, Tozzoli R. Diagnostic accuracy of The anti-citrulline antibody assay for rheumatoid
arthritis. Journal of Clinical Chemistry. 2001; 47:1089-93.

43. Goldbach- Mansky R, Lee J, McCoy A et al. Rheumatoid arthritis associated autoantibodies in patients with synovitis of recent onset.
Journal of Arthritis Research 2000; 2:236-243.

44. Bas S., T.V. Perneger, M. Seitz, J.M. Tiercy, P. Roux — Lombard and P.A.Guerne. Diagnostic tests for rheumatoid arthritis:
Comparison of anti-cyclic citrullinated peptide antibodies, anti-keratin antibodies and IgM rheumatoid factors. Journal of Rheumatology
2002; 41:809- 814.

45. loannis Alexiou, Anastasios Germenis, Athanasios Ziogas, Katerina Theodoridou and Lazaros Sakkas. Diagnostic value of anti-cyclic
Citrullinated peptide antibodies in Greek patients with rheumatoid arthritis. Journal of BMC Musculoskeletal Disorders 2007; 8: 1 — 37.

O Bas J Surg, March, 15, 2009


http://herkules.oulu.fi/isbn9514281101/
http://www.ep.liu.se/abstract.xsql?dbid=8618
http://www.informaworld.com/smpp/title~content=t713693137~db=all

