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Abstract

Our objective was to determine whether the presence of the human leukocyte antigen HLA-DRB1 locus is associated with
production of anti-cyclic citrullinated peptide antibodies (anti-CCP Abs) and to what extent they are associated with increased
susceptibility to and severity of rheumatoid arthritis (RA) in Egyptian patients. Twenty-nine RA patients gave informed consent
to participate in a case-control study that was approved by the Ain Shams University Medical Ethics Committee. RA disease
activity and severity were determined using the simplified disease activity index and Larsen scores, respectively. We used a wide
scale national study on the pattern of HLA typing in normal Egyptians as a control study. Anti-CCP Abs and HLA-DRB1 typing
were determined for all subjects. The alleles most strongly associated with RA were HLA-DRB1 [*01 , *04 and *06] (41.4%).
RA patients with serum anti-CCP Ab titers above 60 U/mL had a significantly higher frequency of HLA-DRB1*01 (58.3%) and
HLA-DRB1*04 alleles (83.3%). Significant positive correlations were found between serum and synovial anti-CCP Ab titer, RA
disease activity, and severity (r = 0.87, 0.66 and 0.63, respectively; P < 0.05). HLA-DRB1 SE+ alleles [*01 and *04] were highly
expressed among Egyptian RA patients. The presence of these alleles was associated with higher anti-CCP Ab titer, active
and severe RA disease. Early determination of HLA-DRB1 SE+ alleles and serum anti-CCP Ab could facilitate the prediction

of the clinical course and prognosis of RA when first evaluated leading to better disease control.
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Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory
disorder in which proliferation of both resident and invading
cells leads to chronic joint destruction (1). Susceptibility
to RA involves genetic factors and is also modulated by
environmental and non-inherited factors (2).

Previous studies have indicated that the risk of RA in
siblings of affected individuals is 2-12 times higher than in
siblings of unaffected individuals, pointing to a contribution of
genetic factors in the pathogenesis of RA (3). An association
between RA and the human leukocyte antigen (HLA) com-
plex, also known as the major histocompatibility complex
(MHC), has been observed in many different populations,
and this is thought to account for approximately one third
of the genetic component of RA susceptibility (4).

The greatest effect comes from the HLA-DRB1 gene,

which encodes part of an MHC class |l molecule expressed
on immune cells such as activated T and B cells and
antigen-presenting cells (5). Extensive evidence exists
showing an association between certain frequently occur-
ring HLA-DRB1 alleles (*0101, *0102, *0401, *0404, *0405,
*0408, *0410, 01001, and *1402) and the susceptibility to
and severity of RA (6).

The indicated alleles share a conserved amino acid se-
quence [QKRAA, QRRAAor RRRAA,; also called the shared
epitope (SE)] at positions 70-74 in the third hypervariable
region of the DRB1 chain. These residues are part of an a
helical domain forming one side of the antigen-presenting
binding site. According to the SE hypothesis, the SE itself
is directly involved in the pathogenesis of RA by allowing
the presentation of a peptide to arthritogenic T-cells (2).
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The presence and dose effect of these alleles affect the
course and outcome of RA (7). The protein tyrosine kinase
non-receptor (PTPN22) gene has been confirmed as a
second RA susceptibility gene in white Caucasian popula-
tions, increasing the risk of RA by 40-70%. Interestingly,
the variant has not been found in Far Eastern populations
(8). Both the HLA-DRB1 and PTPN22 genes are important
in immune function and both predispose to other autoim-
mune diseases, such as type 1 diabetes and systemiclupus
erythematosus, as well as RA (9).

In far Eastern populations, variants of a gene coding
for an enzyme involved in citrullination, the PADI4 gene,
have been consistently associated with susceptibility to
RA. Whether the gene plays a role in susceptibility to RA
in Caucasian populations is not known (10).

Over the past years, considerable progress has been
made in identifying further RAsusceptibility genes as a result
of genome-wide association and candidate gene studies.
Following a genome-wide association screen of ~2000 UK
RA cases and ~3000 controls, an association with a region
on the long arm of chromosome 6 (6g23) was confirmed
in independent studies from the UK and USA. The closest
gene lies some distance away and it is not clear how this
particular region predisposes to RA. Another genome-wide
study in a US population identified an association with a
region on chromosome 9 lying between and encompass-
ing part of the complement 5 (C5) and all of the TNF
receptor-associated factor 1 (TRAF1) genes. This finding
has been confirmed in independent studies from the UK,
USA, Sweden, and The Netherlands. Work is underway to
determine which of the two genes is primarily important in
determining susceptibility since both are good candidates.
Finally, in following up a region of linkage in US families,
an association with the signal transducer and activator of
transcription 4 (STAT4) gene was identified and has been
confirmed in Swedish, Korean and UK populations (11). It
is likely that a number of other RA susceptibility genes will
emerge as investigations continue.

A prominent feature of RA is the presence of various
types of disease-specific and -nonspecific autoantibodies
(12). Best known are the rheumatoid factors (RFs), which
are antibodies to the FC portion of IgG molecules. Although
they are not disease specific, detection of IgM-RF is routinely
used in the diagnosis of RA (60-70% sensitivity, 80-90%
specificity) (13).

Assays have been recently developed to detect IgG
antibodies against protein side chains in which an argin-
ine residue is deaminated to peptidyl citrulline (14). This
process is catalyzed by the peptidyl arginine deiminase
(PAD) enzymes, which are expressed in RA predominantly
in monocytes and macrophages of the synovial membrane
(15).

Normally, PAD enzymes are present intracellularly
as inactive enzymes (16). Calcium ions are required for
activation of the PAD enzymes, but the intracellular cal-
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cium concentration in normal cells is much lower than the
threshold calcium concentration for PAD activity. During
cell death, the integrity of the plasma membrane is lost,
causing influx of calcium from the extracellular space and
subsequent activation of intracellular PAD. Alternatively,
PAD enzymes may leak out of the dying cells, become
activated and causing citrullination of extracellular proteins.
Many cells in the inflamed synovium have fragmented DNA,
which is a sign of apoptosis. PAD enzymes may become
activated by intracellular calcium (17).

Although many different citrullinated proteins may be
present in the RA synovium, thus far three proteins can be
considered as candidate autoantigens in RA: citrullinated fi-
brin, citrullinated vimentin and citrullinated histones (18).

In RA, early diagnosis and intervention is crucial in pre-
venting irreversible joint damage, and therefore a reliable
serological marker is needed. Antibodies (Abs) directed at
citrullinated proteins provide this ability. The most sensitive
assay for the detection of these antibodies is the deter-
mination of the so-called anti-cyclic citrullinated peptide
(CCP) by ELISA. The diagnostic value of these antibodies
is particularly evident in early disease and they are usually
detectable at the onset of the disease or even years prior
to the onset of the clinical symptoms (19).

Compared to IgM-RF, anti-CCP Abs have a higher
specificity (98%) and a similar sensitivity (68-90%) (13).
These antibodies are produced at the site of inflammation
in RA mainly in the synovium, suggesting that they might
play a role in the disease process (18). Therefore, citrul-
linated antigens are also expected to be present in the
inflamed synovium.

Although citrullination of arginine residues of proteins
may result in the formation of epitopes that are targets for
Abs, help from T lymphocytes is likely to be required for
long-term B cell responses and antibody isotype switch-
ing (16).

In mice transgenic for the SE allele HLA-DRB1*0401, it
was demonstrated that citrullination of peptides could lead
to the activation of CD4+ T cells, most likely as a result of
increased binding of these citrullinated peptides to MHC
class Ilmolecules (13). There are differences in the strength
of association between HLA-DRB1 SE+ alleles and RA
in different populations, and reports on HLA association
and anti-CCP Abs have been few and conflicting for the
Egyptian population.

The aim of the present study was to determine whether
the presence of certain HLA-DRB1 alleles is associated
with the production of anti-CCP Abs and to determine to
what extent certain HLA alleles and anti-CCP Abs can be
associated with increased susceptibility to and severity of
RAin a group of 29 Egyptian RA patients.

Subjects and Methods

Twenty-nine RA patients randomly recruited in the
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internal medicine department and rheumatoid arthritis out-
patient specialized clinic at Ain Shams University Hospital
participated in the present case-control study. All of them
fulfilled the criteria of the American College for Rheuma-
tology for the diagnosis of RA (20). None of the patients
were suffering from any other rheumatological disease or
other major illness.

Fifteen normal healthy age- and sex-matched volunteers
were included in the study as a control group. All subjects
gave written informed consent to participate in the study,
which was approved by Ain Shams Medical Ethics Com-
mittee.

Patients and controls were subjected to the following
procedures: full medical history; thorough clinical examina-
tion including general, musculoskeletal and other systems;
assessment of RAdisease activity by the simplified disease
activity index score for RA (SDAI) (21); standardized X-rays
of both hands and wrists, and assessment of degree of joint
damage by the Larsen score (22).

Samples

Venous blood (8 mL) was withdrawn from each sub-
ject and 5 mL was placed in EDTA for a complete blood
count, for the determination of erythrocyte sedimentation
rate (ESR) and for HLA-DRB1 typing. A 3-mL aliquot was
placed in a clean flat tube and serum was separated and
kept at -20°C until used.

Synovial fluid was aspirated from effusions of large
joints (knee joint) in each patient and centrifuged at 3000
g for 20 min. The supernatant was separated and stored
at -20°C until analysis for anti-CCP Abs.

Clinical and laboratory tests

Complete blood count: [Coulter counter (T660)]. ESR: by
the Westergren method. C-reactive protein (CRP): by Avitex
(Omega Diagnostics, Ltd., UK). RF: by turbiquant RF (Dad
Behring Marburg GmbH D-35041, Germany) using Behring
Turbitimer. Polystyrene particles coated with fragments of
human gamma globulin form aggregates when mixed with
samples. For measurements from day to day (N = 10), the
coefficient of variation ranged from 3.7 to 8.2%. Serum and
synovial anti-CCP IgG assay: by ELISA (Quanta Lite™ CCP3
IgG ELISA supplied by INOVA Diagnostics, Inc., USA).
HRP CCP3 IgG conjugate (goat) anti-human IgG is sup-
plied in the kit. The samples and calibrators were assayed
in duplicate and the mean values of all duplicate readings
were determined. Results were quantified by drawing 5
point standard curve; using the calibrators supplied in the
kit (from A to E) their concentrations were 250, 125, 62.5,
31.25, and 15.62 units, respectively. The mean absorbance
of all samples was plotted on the standard curve and their
concentrations (in units) were determined. Anti-CCP Ab
titer: <20 U/mL was considered negative, a 20-39 U/mL
titer weakly positive, a40-59 U/mL titer moderately positive,
and a >60 U/mL titer strongly positive. Between-run assay
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variation was measured by running duplicates of negative,
low positive and strong positive samples in 6 separate as-
says on 6 different days. CV% (negative, low positive and
strong positive) were 0, 4 and 4%, respectively.

HLA-DRB1 typing

DR “low resolution” typing was performed by the poly-
merase chain reaction with sequence-specific primers
(PCR-SSP) using Dynal-SSP (Dynal A.S., Norway).

DNA extraction. DNA was extracted using the GIFXTM
genomic blood DNA purification kit (Amersham Pharmacia
Biotech Inc., USA).

PCR amplification. Each PCR mixture contained 2-4 al-
lele- or group-specific DR primers and the internal positive
control primer pair at a 5-fold lower concentration.

The PCR mixture (10 uL) consisted of 100 ng genomic
DNA (50 ng/pL), SSP master mix (containing PCR buffer,
dNTP’S, glycerol and cresol red, and 0.5 unit Taqg poly-
merase.

The PCR amplifications were carried out in a Gene
Amp PCR system 9600 (Perkin-Elmer Cetus instruments,
USA).

Conventionally extracted DNAs were amplified with 31
temperature cycles. Each cycle consisted of denaturation
at 94°C for 50 s, annealing at 65°C for 50 s, and extension
at 72°C for 20 s.

Detection of PCR products

PCR products were detected by agarose gel electro-
phoresis. Gels were examined under UV illumination and
documented photographically.

Subtyping of HLA-DRB1*04. Positive samples were
analyzed using Dynal DRB1*04 PCR-SSP subtyping, and
the SE alleles were defined as HLA-DRB1*0401 or 0404.

Statistical analysis

Data were analyzed statistically using the SPSS version
12 software as follows: description of quantitative vari-
ables as means + SD and range; description of qualitative
variables as number and percentages. The Fisher exact
probability test was used instead of the chi-square test. The
unpaired t-test was used to compare two groups regarding
quantitative variables. Spearman rank correlation test was
used to correlate categorical parameters. Aprobability level
of P < 0.05 was considered to be significant (23).

Results

Twenty-nine RA patients were included in the study. The
mean + SD age was 35.4 + 9.7 years and all were women.
Fifteen age- and gender-matched healthy volunteers (mean
age 35.8 + 10 years) were used as the control group. Vari-
ables concerning RA patients are reported in Table 1.

RA patients had significantly higher serum anti-CCP
Ab and RF titers than their controls (anti-CCP Ab: 57.7
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+ 25, 11.1 + 3.7 y/mL, RF titer: 49 + 14, 26 + 4.4 IU/mL
respectively, P < 0.05) while the two groups did not differ
significantly in age.

The controls presented in Table 2 were taken from a
large-scale national study by Khalil et al. (24) who investi-
gated 541 normal Egyptians for the most frequent HLA-DR
alleles. We observed that the alleles most strongly associ-
ated with increased susceptibility to RA in our 29 patients
were HLA-DRB1*01, *04, [*13, *14(DR®6)] (41.4%) and *10
(10.3%) since there was a significant difference between
RA patients and controls, whereas the HLA-DRB1*08 al-
lele was not associated with RA susceptibility since it was
expressed only among controls (Table 2).

Subtyping of HLA-DRB1*04 and *01 demonstrated
that the (SE+) genotypes most strongly associated with
RA susceptibility were HLA-DRB1*0101 and *0102 (50%),

Table 1. Some characteristics of the 29 rheumatoid arthritis patients.

Means + SD Positive cases Range
Age (years) 354+97 21-52
Disease duration (years) 6.9+27 1-12
SDAI score 32.7+13 14-52
IgM-RF (IU/mL) 49+ 14 23 (79%) 15-80
ESR (mm/h) 63 + 22 25-95
Larsen score 3+0.8 1-4
Serum anti-CCP Ab (U/mL) 57.7+25 18 (62%) 13-110
Synovial anti-CCP Ab (U/mL) 84 +27 20 (69%) 25-120

Data are reported as means + SD or number with percent within pa-
rentheses. SDAI score = simplified disease activity index; RF = rheu-
matoid factor; ESR = erythrocyte sedimentation rate; anti-CCP Ab =
anti-cyclic citrullinated peptide antibodies.

Table 2. Frequency distribution of HLA-DR alleles among rheumatoid
arthritis (RA) patients and controls.

HLA-DR alleles RA patients (N = 29) Controls (N = 541)
DRB1*01 41.4%"* 5%
DRB1*15, *16(DR2) 6.9%, 3.4% 7%, 4%
DRB1*03 17.2% 19%
DRB1*04 41.4%"* 16%
DRB1*11, *12(DR5) 13.8%, 3.4% 12%, 2%
DRB1*13, *14(DR6)  27.6%", 13.8%" 16%, 5%
DRB1*07 10.3% 6%
DRB1*08 0%"* 7%
DRB1*10 10.3%"* 3%

The data for controls were taken from Khalil et al. (24). DR2,
DRS5, DR6 are equivalent to typing serologically. *P < 0.05 com-
pared to controls (Student t-test).
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followed by DRB1*0404 (33.3%) and *0401 (25%).

Our RA patients with serum anti-CCP Ab titers above
60 U/mL presented a higher frequency distribution of the
HLA-DRB1*01 and *04 alleles, which was significant only
in DRB1*04 (*0401, *0404). In contrast, our RA patients
with serum anti-CCP Ab titers below 60 U/mL had a higher
frequency distribution of the HLA-DRB1*03, [*11,*12(DR5)]
and [*13, *14(DR6)] alleles (Table 3).

There was a significantly higher expression of the HLA-
DRB1*01 and *04 alleles (*0401 and *0404) among the RA
patients with active disease, while the HLA-DRB1*03, [*11,
*12(DR5)]and [*13, *14(DR®6)] alleles were expressed more
in our RA patients with inactive disease (Table 4).

The HLA-DRB1*04 and *01 (*0401, *0404, *0101 and
*0102) alleles were expressed more in our RA patients with
erosive arthritis, while HLA-DRB1*03, [*11, *12(DR5)] and
[*13, *14(DR6)] alleles were expressed more among our
RA patients with non-erosive arthritis (Table 5).

There were significant positive correlations between
serum anti-CCP Ab titers and RA disease activity and
severity as determined by SDAI score (r = 0.66, P < 0.01;
Figure 1) and Larsen score (r = 0.63, P < 0.05). Moreover,
there was a significant positive correlation between serum
and synovial anti-CCP Ab titers (r = 0.87, P < 0.05).

Table 3. HLA-DRB1 allele distribution among rheumatoid arthritis
patients with serum anti-CCP antibody titers <60 U/mL and >60
U/mL.

HLA-DRB1 alleles Serum anti-CCP Abs (U/mL)

<60 (N = 15) >60 (N = 14)
*01 (N =12) 5 (41.7%) 7 (58.3%)
*15, *16(DR2) (N = 3) 3 (100%) 0
*03 (N =5) 4 (80%) 1(20%)*
*04 (N =12) 2 (16.7%) 10 (83.3%)*
*0401 0 3 (100%)*
*0402 1 (100%) 0
*0403 0 1 (100%)
*0404 0 4 (100%)*
*0405 1 (100%) 0
*0408 0 1 (100%)
*0409 0 1 (100%)
*11, *12(DR5) (N = 5) 4 (80%) 1(20%)*
*13, *14(DR6) (N = 12) 9 (75%) 3 (25%)*
*07 (N = 3) 3 (100%) 0
*10 (N = 3) 3 (100%) 0

Anti-CCP Abs = anti-cyclic citrullinated peptide antibodies. *P <
0.05 compared to <60 U/mL (Student t-test).
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Table 4. HLA-DRB1 allele distribution among rheumatoid arthritis
patients with active and inactive disease as determined by
simplified disease activity index score.

HLA-DRB1 alleles Disease activity

Inactive (<20) Active (>20)

(N =16) (N=13)
*01 (N=12) 4 (33.3%) 8 (66.7%)*
*15, *16(DR2) (N = 3) 3 (100%) 0
*03 (N = 5) 4 (80%) 1 (20%)*
*04 (N =12) 3 (25%) 9 (75%)*
*0401 0 3 (100%)*
*0402 0 1(100%)
*0403 1 (100%) 0
*0404 0 4 (100%)*
*0405 1 (100%) 0
*0408 0 1 (100%)
*0409 1 (100%) 0
*11, *12(DR5) (N = 5) 5 (100%) o*
*13,*14(DR6) (N = 12) 10 (83.3%) 2(16.7%)*
*07 (N=3) 3 (100%) 0
*10 (N = 3) 3 (100%) 0

*P < 0.05 compared to inactive (<20) disease activity (Student
t-test).

Table 5. HLA-DRB1 allele distribution among rheumatoid arthritis
patients with erosive and non-erosive arthritis as determined by
Larsen score.

HLA-DRB1 alleles Larsen score

Non-erosive (N = 15) Erosive (N = 14)

*01 (N =12) 6 (50%) 6 (50%)
*15, *16(DR2) (N = 3) 2 (66.7%) 1 (33.3%)
*03 (N = 5) 4 (80%) 1(20%)*
*04 (N = 12) 3 (25%) 9 (75%)*
*0401 0 3 (100%)*
*0402 1 (100%) 0
*0403 0 1 (100%)
*0404 0 4 (100%)*
*0405 1 (100%) 0
*0408 1 (100%)
*0409 1 (100%) 0
*11, *12(DR5) (N = 5) 4 (80%) 1(20%)*
*13, *14(DR6) (N = 12) 10 (83.3%) 2 (16.7%)"
*07 (N = 3) 3 (100%) 0
*10 (N = 3) 2 (66.7%) 1(33.3%)

*P < 0.05 compared to non-erosive arthritis by Larsen score
(Student t-test).
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Figure 1. Correlation between serum anti-CCP Ab and SDAI
score for 29 patients with rheumatoid arthritis. Anti-CCP Ab =
anti-cyclic citrullinated peptide antibody; SDAI = simplified dis-
ease activity index score for rheumatoid arthritis (Spearman rank
correlation test).

Discussion

HLA-DR genes are the principal genetic factors con-
tributing to RA. To study the genetic and immunologic
background of susceptibility to and severity of RA, 29 RA
patients were subjected to HLA-DRB1 typing and to testing
with anti-CCP Abs.

In the present study, HLA-DRB1 [*15, *16(DR2)], *03,
[*11, *12(DR5)] and *07 alleles were found to be the most
prevalent alleles among healthy Egyptian subjects. HLA
genotyping analysis revealed that certain HLA haplotypes
(HLA-DRB1*01, HLA-DRB1*04 [DRB1*0401, *0404] [*13,
*14(DR6)] and *10) were associated with clinical RA. Thus,
these alleles may be recognized as alleles related to sus-
ceptibility to RA. Kaltenhauser et al. (25) obtained similar
results showing that the HLA-DRB1*04 group was highly
associated with RA.

Roudier (26) reported that the HLA-DRB1 alleles *0401,
*0404, *0405 (serologically HLA-DR4), DRB1*0101, *0102
(HLA-DR1) and DRB1* 1001 (HLA-DR10) were associ-
ated with RA. HLA-DR genotypes (the two HLA-DRB1
genes expressed by any individual) determine the risk to
develop RA. Double-dose genotypes such as DRB1*0401
and *DRB1*0404 carry a higher risk to develop RA (it is
very difficult to find healthy controls with the DRB1*0401/
DRB1*0404 genotype), whereas “single-dose” genotypes
such as (DRB1*0401/DRB1*07) carry more limited risks
(27).

On the other hand, we found that DRB1*08 alleles were
present in healthy controls and not in RA patients. This
agreed with data reported by van der Helm-van Mil et al.
(28) and Barnetche et al. (29) who defined HLA-DRB1*07,
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*08, *1201, and *1501 as alleles that protect against RA.
These alleles contain, instead of SE, another common
anchor region consisting of the amino acids DERAA.

Anti-CCP Abs have recently emerged as sensitive and
specific serological markers for RA, providing a superior
alternative to the RF test in the laboratory diagnosis of RA
(30). Anti-CCP Abs might be positive even before the ap-
pearance of the first clinical manifestation of the disease
(30). In the present study, measurement of serum anti-CCP
Abs in the subjects investigated and synovial anti-CCP Abs
in RA patients revealed that serum anti-CCP Abs were sig-
nificantly higher in RA patients than in controls (P < 0.05).
Interestingly, there was a significantly higher synovial anti-
CCP Ab titer than serum anti-CCP Ab titer in RA patients,
with a significant positive correlation between them (r =
0.87, P < 0.05, Spearman rank correlation test).

Apossible explanation is that many different citrullinated
proteins are present in the synovium of RA patient, being
possible candidates for autoantibody production. The fact
thatlevels of synovial anti-CCP Abs were higher than serum
levels suggests diffusion of the locally produced antibodies
from the synovium to the periphery (31).

The presence of these Abs in RA patients is probably
the result of an abnormal but specific humoral immune
response to citrullinated proteins. The subclass distribu-
tion of anti-citrullinated protein Abs (predominantly IgG1)
is indicative of T cell-dependent antibody production and
thus suggests HLA involvement. Vossenaar et al. (16)
found that specific HLA haplotypes (HLA-DR4 [DRB1*0401
and DRB1*0404]) confer a genetic predisposition to RA.
It was recently shown that citrullinated peptides can be
bound much more efficiently by DR4 molecules than by
corresponding non-citrullinated peptides (32). This citrulline-
specific interaction might be the basis of a citrulline-specific
immune response.

In the present study, there was a strong association
between HLA-DR4 status and anti-CCP Ab positivity in RA
patients. Additionally, we tried to determine the influence of
SE alleles on serum titers of anti-CCP antibodies in serum
(and hence in the synovial fluid). We observed that the SE-
positive alleles DRB1*01, DRB1*04 (*0401, *0404) were
associated with production of higher titers (>60 U/mL) of
anti-CCP antibodies, which was only statistically significant
with HLA-DRB1*04 (*0401, *0404). These results agree with
Berglin et al. (33), Kaltenhauser et al. (25), and Hughes et
al. (34) who found that the HLA-DRB1*01, DRB1*04 (0401,
*0404, and *0405) SE alleles conferred the highest risk for
development of anti-CCP Abs in RA patients.

Correa et al. (35) found a highly significant association
between anti-CCP and HLA-DRB1*04 and a weaker but
still significant association with HLA-DRB1*01. Moreover,
they assumed that HLA-DRB1*0401 is not a prerequisite
for anti-CCP Ab production, but if HLA-DRB1*0401 was
present, 90% of their RA patients were found to have posi-
tive anti-CCP Ab titers.
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The pathogenetic mechanisms that cause the SE
association of anti-CCP Abs are unclear. It has been sug-
gested that the binding of antigenic peptides to MHC class
Il alleles might be facilitated by citrullination of arginine
residues. Thus, it appears that genetic factors (HLA-DR4)
are involved in the process that determines whether or not
anti-citrullinated protein antibodies are made (4).

Meanwhile, it was found that HLA-DRB1*03, [*11,
*12(DR5)], [*13, *14(DR®6)] alleles were associated with
lower titers of anti-CCP Abs (below 60 U/mL), inactive
disease and non-erosive arthritis (P < 0.05). This was in
accordance with Irigoyen et al. (36) who found that the
HLA-DRB1*03 allele was associated with lower titers of
anti-CCP Abs even in the presence of the SE+ allele.

When we studied the distribution of HLA-DRB1 SE+
alleles among RA patients with active and inactive disease
(measured by SDAI score) we observed that HLA-DRB1*01
and DRB1*04 (*0401, *0404) were significantly more ex-
pressed among patients with active disease than among
those with inactive disease, who also had significantly
higher anti-CCP Ab titers. In contrast, HLA-DRB1*03, [*11,
*12(DR5)] and [*13, *14(DR6)] were significantly more ex-
pressed among inactive cases who had also significantly
lower anti-CCP Ab titers. These findings agree with those
reported by Gourraud et al. (7) who found an association
between HLA-DRB1*0404 alleles and RA disease activity
and severity.

In the present study, there was a highly significant
positive correlation between serum anti-CCP Abs and SDAI
score, in agreement with Berglin et al. (33) who suggested
that repeated measurement of serum anti-CCP Ab titers
could be of clinical significance for assessing disease ac-
tivity and severity. These investigators found that the titers
declined in patients with a good therapeutic response and
decreased disease activity.

The presence of elevated anti-CCP Ab titers, together
with certain HLA-DRB1 SE alleles (DRB1*0401, *0404),
increased the relative risk for the development of RA (9).
Moreover, these higher titers have been implicated in worse
outcomes, particularly increased erosions (36).

In the present study, we found that the HLA-DRB1*04
(*0401, *0404) alleles were significantly expressed among
RA patients with erosive arthritis and that there was a
significant positive correlation between serum anti-CCP
Ab titers and the presence of erosive aggressive disease.
This agrees with Gourrand et al. (7) who reported that
HLA-DRB1*0401 appeared to be the allele with the highest
activity predisposing to erosive RA in Northern European
Caucasoids. This also agrees with Kaltenhauser et al. (25),
who noticed a faster progression of joint destruction in RA
in the presence of high anti-CCP Ab titers and assumed
its superiority over RF-IgM to be a prognostic marker of
radiologic progression.

Similarly, van Gaalen et al. (13) and Berglin et al. (33)
found that the presence of HLA susceptibility alleles and
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anti-CCP Abs in high titers heralded a more severe disease
course. They concluded that anti-CCP+, SE+ patients at
baseline had a significantly higher rate of joint destruction
than did all other patients. The rate of joint destruction did
not differ between anti-CCP+, SE- patients and anti-CCP-,
SE+ patients (P = 0.01) or anti-CCP- and SE- patients (P
=0.09). This means that a higher rate of joint damage was
only found when both anti-CCP Abs and SE alleles were
present. The possible explanation might be the higher mean
+ SD levels of anti-CCP Abs in SE allele-positive patients.
Huizinga et al. (37) reported that the number of copies of
the SE allele was associated with the presence of erosive
disease among patients with positive anti-CCP Abs but not
among those with negative anti-CCP Abs.

The correlation between inflammation and joint dam-
age has been extensively studied, especially in terms of
the relevance of inflammatory variables such as CRP and
ESR. Although there is a link between inflammation and
the development of joint damage, it is well established that
damage may progress in spite of decreased inflammatory
activity, and erosions may develop in patients who have
few clinical signs of inflammation. Thus, it has been sug-
gested that pathological processes other than inflammation
are involved in the destructive process (38). Lindqvist et
al. (39) suggested that a combination of ESR, CRP, HLA-
DRB1 SE, RFs, and anti-CCP Abs might provide prognostic
information about the development of joint damage in a
prospective study of RA patients.

Finally, the established role of anti-CCP Abs in the
susceptibility and severity of RA permits the development
of therapeutics targeted against these antibodies. Such

References

1. Barrera P, Balsa A, Alves H, Westhovens R, Maenaut K,
Cornelis F, et al. Noninherited maternal antigens do not
increase the susceptibility for familial rheumatoid arthritis.
European Consortium on Rheumatoid Arthritis Families
(ECRAF). J Rheumatol 2001; 28: 968-974.

2. van der Helm-van Mil AH, Verpoort KN, Breedveld FC, Hu-
izinga TW, Toes RE, de Vries RR. The HLA-DRB1 shared
epitope alleles are primarily a risk factor for anti-cyclic
citrullinated peptide antibodies and are not an independent
risk factor for development of rheumatoid arthritis. Arthritis
Rheum 2006; 54: 1117-1121.

3. Seldin MF, Amos CI, Ward R, Gregersen PK. The genetics
revolution and the assault on rheumatoid arthritis. Arthritis
Rheum 1999; 42: 1071-1079.

4. Hill JA, Southwood S, Sette A, Jevnikar AM, Bell DA, Cairns
E. Cutting edge: the conversion of arginine to citrulline
allows for a high-affinity peptide interaction with the rheu-
matoid arthritis-associated HLA-DRB1*0401 MHC class Il
molecule. J Immunol 2003; 171: 538-541.

5. Newton JL, Harney SM, Wordsworth BP, Brown MA. A
review of the MHC genetics of rheumatoid arthritis. Genes
Immun 2004; 5: 151-157.

www.bjournal.com.br

837

therapeutics are aimed at reducing the severity of RA course
and perhaps may prevent the onset of clinically significant
arthritis in genetically susceptible individuals.

Conclusion and Recommendations

HLA-DRB1 SE+ alleles (*01, *04 [*0401, *0404, *0101,
and *0102]) were highly expressed in the group of 29 Egyp-
tian RA patients studied. They were strongly associated with
the production of high titers of the highly specific anti-CCP
Ab, which could be involved in the disease process. The
presence of high anti-CCP Ab titers was associated with
more active, aggressive and erosive disease as determined
by SDAI and Larsen scores.

Early determination of HLA-DRB1 SE+ alleles and anti-
CCP Ab titer may facilitate the prediction of disease course
and prognosis at the time of initial presentation, being of
help for the initial treatment plan directed at the prevention
of permanent joint damage.

Given the polymorphic nature of HLA genes, large
numbers of RA patients are needed for a better assessment
of the role of each allele in the susceptibility to RA and to
establish exactly which citrullinated peptide antigens are
driving the anti-CCP Ab response in RA patients and how
these particular antigens interact with various HLA-DRB1
SE+ alleles. Further studies are needed to highlight the
interaction of the non-genetic environmental triggers of RA
with the genetic factors, since both may contribute to the
immune response to citrullinated proteins, the key step in
the pathogenesis of rheumatoid arthritis.

6. Gregersen PK, Silver J, Winchester RJ. The shared epitope
hypothesis. An approach to understanding the molecular
genetics of susceptibility to rheumatoid arthritis. Arthritis
Rheum 1987; 30: 1205-1213.

7. Gourraud PA, Boyer JF, Barnetche T, Abbal M, Cambon-
Thomsen A, Cantagrel A, et al. A new classification of HLA-
DRB1 alleles differentiates predisposing and protective
alleles for rheumatoid arthritis structural severity. Arthritis
Rheum 2006; 54: 593-599.

8. Lee YH, Rho YH, Choi SJ, Ji JD, Song GG, Nath SK, et al.
The PTPN22 C1858T functional polymorphism and autoim-
mune diseases - a meta-analysis. Rheumatology 2007; 46:
49-56.

9. Johansson M, Arlestig L, Hallmans G, Rantapaa-Dahlqvist
S. PTPN22 polymorphism and anti-cyclic citrullinated pep-
tide antibodies in combination strongly predicts future onset
of rheumatoid arthritis and has a specificity of 100% for the
disease. Arthritis Res Ther 2006; 8: R19.

10. Iwamoto T, Ikari K, Nakamura T, Kuwahara M, Toyama Y,
Tomatsu T, et al. Association between PADI4 and rheu-
matoid arthritis: a meta-analysis. Rheumatology 2006; 45:
804-807.

Braz J Med Biol Res 42(9) 2009



838

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Bowes J, Barton A. Recent advances in the genetics of RA
susceptibility. Rheumatology 2008; 47: 399-402.

van Boekel MA, Vossenaar ER, van den Hoogen FH, van
Venrooij WJ. Autoantibody systems in rheumatoid arthritis:
specificity, sensitivity and diagnostic value. Arthritis Res
2002; 4: 87-93.

van Gaalen FA, van Aken J, Huizinga TW, Schreuder GM,
Breedveld FC, Zanelli E, et al. Association between HLA
class Il genes and autoantibodies to cyclic citrullinated pep-
tides (CCPs) influences the severity of rheumatoid arthritis.
Arthritis Rheum 2004; 50: 2113-2121.

Girbal-Neuhauser E, Durieux JJ, Arnaud M, Dalbon P,
Sebbag M, Vincent C, et al. The epitopes targeted by the
rheumatoid arthritis-associated antifilaggrin autoantibodies
are posttranslationally generated on various sites of (pro)
filaggrin by deimination of arginine residues. J Immunol
1999; 162: 585-594.

Vossenaar ER, Radstake TR, van der Heijden A, van Man-
sum MA, Dieteren C, de Rooij DJ, et al. Expression and
activity of citrullinating peptidylarginine deiminase enzymes
in monocytes and macrophages. Ann Rheum Dis 2004; 63:
373-381.

Vossenaar ER, Nijenhuis S, Helsen MM, van der Heijden A,
Senshu T, van den Berg WB, et al. Citrullination of synovial
proteins in murine models of rheumatoid arthritis. Arthritis
Rheum 2003; 48: 2489-2500.

Schwab BL, Guerini D, Didszun C, Bano D, Ferrando-May
E, Fava E, et al. Cleavage of plasma membrane calcium
pumps by caspases: a link between apoptosis and necrosis.
Cell Death Differ 2002; 9: 818-831.

Vossenaar ER, van Venrooij WJ. Citrullinated proteins:
sparks that may ignite the fire in rheumatoid arthritis. Arthritis
Res Ther 2004; 6: 107-111.

Visser H, le Cessie S, Vos K, Breedveld FC, Hazes JM. How
to diagnose rheumatoid arthritis early: a prediction model
for persistent (erosive) arthritis. Arthritis Rheum 2002; 46:
357-365.

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. Arthritis Rheum 1988; 31: 315-324.

Smolen JS, Breedveld FC, Schiff MH, Kalden JR, Emery P,
Eberl G, et al. A simplified disease activity index for rheuma-
toid arthritis for use in clinical practice. Rheumatology 2003;
42: 244-257.

Larsen A, Dale K, Eek M. Radiographic evaluation of rheu-
matoid arthritis and related conditions by standard reference
films. Acta Radiol Diagn 1977; 18: 481-491.

Clinton Miller M, Rebecca Knapp G. Clinical epidemiology
and biostatistics. 3rd edn. Baltimore: Williams and Wilkins;
1992.

Khalil R, Elkafrawi H, Shokeir M, Shoukry F. Frequency of
human leukocyte antigens in a sector of the Egyptian popu-
lation. J Microbiol 2000; 49: 111-117.

Kaltenhauser S, Pierer M, Arnold S, Kamprad M, Baerwald
C, Hantzschel H, et al. Antibodies against cyclic citrullinated
peptide are associated with the DRB1 shared epitope and

Braz J Med Biol Res 42(9) 2009

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

H.M. Farouk et al.

predict joint erosion in rheumatoid arthritis. Rheumatology
2007; 46: 100-104.

Roudier J. HLA-DRB1 genes and extraarticular rheumatoid
arthritis. Arthritis Res Ther 2006; 8: 103.

Reviron D, Perdriger A, Toussirot E, Wendling D, Balandraud
N, Guis S, et al. Influence of shared epitope-negative HLA-
DRB1 alleles on genetic susceptibility to rheumatoid arthritis.
Arthritis Rheum 2001; 44: 535-540.

van der Helm-van Mil AH, Huizinga TW, Schreuder GM,
Breedveld FC, de Vries RR, Toes RE. An independent role of
protective HLA class Il alleles in rheumatoid arthritis severity
and susceptibility. Arthritis Rheum 2005; 52: 2637-2644.
Barnetche T, Constantin A, Cantagrel A, Cambon-Thomsen
A, Gourraud PA. New classification of HLA-DRB1 alleles in
rheumatoid arthritis susceptibility: a combined analysis of
worldwide samples. Arthritis Res Ther 2008; 10: R26.
Yamane T, Hashiramoto A, Tanaka Y, Tsumiyama K, Miura Y,
Shiozawa K, et al. Easy and accurate diagnosis of rheuma-
toid arthritis using anti-cyclic citrullinated peptide 2 antibody,
swollen joint count, and C-reactive protein/rheumatoid fac-
tor. J Rheumatol 2008; 35: 414-420.

Mimori T. Clinical significance of anti-CCP antibodies in
rheumatoid arthritis. Intern Med 2005; 44: 1122-1126.
Bizzaro N. Antibodies to citrullinated peptides: a significant
step forward in the early diagnosis of rheumatoid arthritis.
Clin Chem Lab Med 2007; 45: 150-157.

Berglin E, Johansson T, Sundin U, Jidell E, Wadell G, Hall-
mans G, et al. Radiological outcome in rheumatoid arthritis
is predicted by presence of antibodies against cyclic citrul-
linated peptide before and at disease onset, and by IgA-RF
at disease onset. Ann Rheum Dis 2006; 65: 453-458.
Hughes LB, Morrison D, Kelley JM, Padilla MA, Vaughan
LK, Westfall AO, et al. The HLA-DRB1 shared epitope is as-
sociated with susceptibility to rheumatoid arthritis in African
Americans through European genetic admixture. Arthritis
Rheum 2008; 58: 349-358.

Correa PA, Tobon GJ, Citera G, Cadena J, Schneeberger
E, Camargo JF, et al. [Anti-cyclic citrullinated peptide anti-
bodies in rheumatoid arthritis: relation with clinical features,
cytokines and HLA-DRB1]. Biomedica 2004; 24: 140-152.
Irigoyen P, Lee AT, Wener MH, Li W, Kern M, Batliwalla F, et
al. Regulation of anti-cyclic citrullinated peptide antibodies
in rheumatoid arthritis: contrasting effects of HLA-DR3 and
the shared epitope alleles. Arthritis Rheum 2005; 52: 3813-
3818.

Huizinga TW, Amos ClI, van der Helm-van Mil AH, Chen W,
van Gaalen FA, Jawaheer D, et al. Refining the complex
rheumatoid arthritis phenotype based on specificity of the
HLA-DRB1 shared epitope for antibodies to citrullinated
proteins. Arthritis Rheum 2005; 52: 3433-3438.

van den Berg WB. Uncoupling of inflammatory and destruc-
tive mechanisms in arthritis. Semin Arthritis Rheum 2001;
30: 7-16.

Lindqvist E, Eberhardt K, Bendtzen K, Heinegard D, Saxne
T. Prognostic laboratory markers of joint damage in rheuma-
toid arthritis. Ann Rheum Dis 2005; 64: 196-201.

www.bjournal.com.br



