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Introduction: Rheumatoid arthritis is an autoimmune disease with poorly understood pathophysiology. Genetic
components of disease etiology, especially human leukocyte antigen (HLA) associations, are well known. Ethnic
differences account for a number of variations in disease association with the HLA locus and there seem to be
differences in various studies regarding its genetic predisposition. This study was aimed at determining the
contribution of DRB1 and DQB1 components of HLA class Il in rheumatoid arthritis in a Pakistani cohort.

Method: For this study, 110 patients and 120 healthy controls from the same geographical area and matched
ethnicity were enrolled. Blood DNA was isolated from all the subjects and HLA alleles were typed following
allele specific amplification. Subsequently, haplotypes were generated and allelic and haplotype distribution
frequencies were compared among the patients and controls using % and Arlequin software. The data
obtained by this analysis were also compared with other reported associations found in the Pakistani population

Results: HLA allelic status was determined among the patients and controls from the same geographical area to
account for differences in ethnicity and environmental factors. Significant associations were found for alleles as well as
haplotypes among the patients of rheumatoid arthritis. DRB1*10, DOB1*05 and DQB1*602 were found to be associated
with disease susceptibility, whereas DRB1*11 and DQB1*02 had protective effect against the disease. Similarly,
haplotype DRB1*10-DQB1*05 was associated disease risk, whereas DRB1*07-DQB1*02 and DRB1*11-DQB1*0301 had a

Conclusion: There is a significant DRB1and DQB1 allele and haplotype association with rheumatoid arthritis

Keywords: MHC class Il, complex disease, genetic association, rheumatoid arthritis, Pakistani population, meta-analysis
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Introduction

Rheumatoid arthritis (RA) is a complex, long-term dis-
ease causing inflammation of joints and surrounding tis-
sue. Inflammation is misdirected to attack one’s own
joints, an autoimmune disease caused by the over
expression of immune response which causes synovitis.
Long-term disease can lead to major functional disabil-
ity; therefore, early diagnosis and determination of risk
factors are important in effective disease management.
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RA usually requires lifelong treatment, including medi-
cations, physical therapy, exercise, education and possi-
ble surgery [1]. Since early treatment for RA can delay
joint destruction, assessment of predisposition to the
disease and determination of risk factors become all the
more important for effective disease management.

It is difficult to determine the prevalence of RA due to
the heterogeneity of disease presentation but it is esti-
mated that about 1% of people are affected with RA
worldwide. There are also some ethnic differences [2];
for example, rheumatoid arthritis affects about five to
six percent of some Native American groups, while the
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rate is very low in some Caribbean peoples of African
descent, and South East Asian populations. Similarly,
women get the disease more often than men [3].

The genetic factor of the disease is also well estab-
lished based on the fact that the risk rate is about two
to three percent in people who have a close relative
with rheumatoid arthritis, such as a parent, brother or
sister [4]. It is also well known that genetic factors
account for 60% of the disease risk. Various genetic fac-
tors have been reported to be positively or negatively
associated with the disease. Recent genome wide asso-
ciation studies have added few new loci, increasing the
susceptibility loci to about 30 [5]. The role of the major
histocompatibility complex (MHC) genes account for
50% of the genetic susceptibility in most autoimmune
diseases, in RA the human leukocyte antigen (HLA)
region contributes most to the genetic risk. Specifically,
there have been reports on the association of class II
antigens DRBI1. It has been reported that DRB1* 0101,
*0401, *0404, *1001 and *1402 play a key role in the
predisposition to the most severe form of the disease
[1,6-8]. The presence of two alleles with shared epitopes
in patients, that is, the conserved epitope amino acid
sequence Q/R(K/R)RAA numbers 70 to 74 in the third
hypervariable region of the DR31 chain, poses a higher
risk and greater disease intensity. Some of the other
DRBI1 alleles, for example, HLA-DRB1#0103, *0402, *12,
*1301, *1302 and *1304 carrying D/QERAA sequence of
amino acids in the third hyper-variable region are con-
sidered protective [5,9].

It is worth mentioning that the HLA-DRB1 locus
reported as the largest predisposing genetic risk factor
to RA among Caucasian and Asian populations also
show considerable variation among different ethnic
groups. For example, HLA DRB 04 is reported to be
associated with the disease in Caucasian and Asian
populations whereas DRB 01 is associated with the
Israeli Jewish population [4]. These findings point
towards genetic heterogeneity in RA susceptibility across
different ethnic groups.

The Pakistani population has a varied ethnic back-
ground with a long history of invaders in this region.
The current population consists of distinct ethnic
groups confined to different regions of the country with
some admixture. These populations include Pathan,
Hazara, Kalash, Burusho, Kashmiri and Punjabi popula-
tions from the northern part of the country, and Baloch,
Brahui, Sindhi, Makrani, Parsi and Mohanna populations
from the southern part of the country. Recent molecular
genetic studies have shown all ethnic groups to cluster
together and, in general, show a close relatedness with
the European and Middle-Eastern populations [10-12].

This current study was undertaken in order to deter-
mine the genetic risk associated with HLA class II
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alleles in our population cohort reported already in var-
ious other population studies. Therefore, HLA class II
DRBI1 and DQBI1 allelic associations were studied. Hap-
lotype associations for the two loci were also studied in
order to determine any possible synergistic effect of the
associated alleles.

Material and methods

Subjects

A total of 110 RA patients from the Out-Patient Depart-
ment, Rheumatology Clinic of the Pakistan Institute of
Medical Sciences, Islamabad, Pakistan were selected.
Whereas, 120 age- and ethnicity-matched, random healthy
controls with no apparent disease were enrolled in the
study from the same geographical area. The samples col-
lected were from the northern area including Pathan, Pun-
jabi and Kashmiri. The study was conducted following
ethical guide lines of the 2000 Helsinki Declaration and
duly approved by the Institute of Biomedicl and Generic
Engineering (IBGE) ethical committee. Blood samples
(5.0 ml) were collected after written informed consent was
obtained from all participants for their enrollment.

RA patients

The patients met the following criteria: patients pre-
sented adult onset of the disease, that is, at 16 years of
age or later. Only patients fulfilling the American Col-
lege of Rheumatology criteria were considered RA
patients [13]. Data consisting of their age, gender, ethni-
city, age at disease onset, RF (rheumatoid factor) status
and ESR (erythrocyte sedimentation rate) were gener-
ated by well trained personnel.

HLA typing

DNA was isolated from the blood of all patients and
control samples. PCR analyses for HLA class II were
carried out following the method of Bunce et al. [14]
and allelic status for DRB1 and DQBI loci was subse-
quently determined.

Statistical analysis

Allelic distribution at two loci in patients and controls was
analyzed by using y* or Fisher’s exact test. Odds Ratio
(OR) and Confidence Interval (CI) were calculated using
VassarStats (Richard Lowry, Poughkeepsie, NY USA) [15].
Two locus haplotypes were generated by Arlequin (v3.11)
software (Laurent Excoffier 1998-2007, Computational
and Molecular Genetics Lab (CMPG), Zoological Institute,
University of Bern, Germany) using the allele status at two
loci. Bonferroni correction was applied to the P-values
[16]. From the number of patients and the number of con-
trols reported in previous studies, OR and CI were calcu-
lated using an online calculator [17]. Allele frequencies,
OR and CI of all the studies carried out up until April



Muazzam et al. Arthritis Research & Therapy 2013, 15:R95

http://arthritis-research.com/content/15/4/R95

Table 1 Demographic and clinical characteristics of
patients with rheumatoid arthritis.
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Table 3 Top 10 major haplotypes and their frequency
distribution among patients and controls.

Female Male Population
Number (%) 98 (87.5) 14 (12.5) 112 (100)
Age (Mean + SD, years) 4122 (11.24) 4057 (14.7) 41.14 (11.65)
Duration of illness 9.70 (8.06) 6.86 (3.9) 935 (7.71)
(Mean + SD, years)
Signs and symptoms: No. (%) No. (%) No. (%)
Pain 5(5.10) 4 (28.57) 9 (8.04)
pain + swelling 6 (6.12) 2 (14.29) 8 (7.14)
pain + stiffness 10 (10.20) 0 (0) 10 (8.93)
pain + swelling + stiffness 77 (78.57) 7 (50.0) 84 (75.0)
not known 0 (0) 1(7.14) 1(0.89)
RF positive 57 (58.16) 6 (42.86) 63 (56.25)
Positive family history 43 (43.88) 2 (14.29) 45 (40.18)

2013 on the Pakistani population [18-20] and the present
study were compared, the data were analyzed using Com-
prehensive Meta-Analysis (ver 2.0) software (Biostat Inc.
Englewood, NJ, USA).

Results

The patients’ clinical profiles are shown in Table 1. Alle-
lic and haplotype distribution among the patients (110)
and controls (120) are given for the two loci, that is,
DRBI1 and DQBI in Tables 2 and 3. Significant associa-
tions were obtained at both loci.

Allelic distribution

It is evident from Table 1 that at the DRB1 locus *1501
is the most prevalent (25.2%) allele among the patients
followed by *10 (20.2%) and *07 (15.1%). In the control

Table 2 Allelic distribution of patients and controls at
DRB1 and DQB1 loci.

Haplotype n (%)
DRB1-DQB1 in groups

Patients Control

(2n = 220) (2n = 230)
DRB1*03-DQB1*02 15 (6.8) 25 (10.8)
DRB1*07- DQB1*02 4(1.8) 26 (11.3)
DRB1*10- DQB1*05 30 (13.6) 6 (2.6)
DRB1*11- DQB1*0301 9 (4.0) 25 (10.8)
DRB1*15- DQB1*0601 32 (14.5) 28 (12.1)
DRB1*13- DQB1*0603 2 (09 7 (3.1)
DRB1*01- DQB1*05 4(1.8) 7 (3.1)
DRB1*04- DQB1*02 1(045) 7 (3.1)
DRB1*01- DQB1*05 0 (0) 7 (3.1)
DRB1*04- DQB1*0601 6 (2.7) 1 (045)

population the most prevalent allele is *03 (21.4%) fol-
lowed by *15 (17.1%) and *11 (14.5%).

At the DQBI locus *05 was the most prevalent allele
(36.8%) followed by *0601 and *0301 with equal valid
frequency of 16.8% among the patients, whereas in the
controls *02 was most prevalent (33%), followed by 0301
(22.2%) and 0601 (20.4%).

Allelic association

Allelic frequencies were compared between the patients
and the control groups using 3> or Fisher’s exact test.
At the DRB1 locus it was found that the frequencies
varied significantly between the two groups for the
DRB1#10 as well as the DRB1*11 loci (Table 4).
DRB1*10 was found at a higher frequency (20.2%)
among the patients, whereas its frequency among the
control group was quite low (6.0%) with P-value <0.0001
and corrected P = 0.0013, OR 3.97 (95% CI = 2.1 to
7.4). This significance was retained even after Bonferroni
correction and, therefore, shows an association with RA.

Table 4 Statistical analysis of patients and controls at
DRB1 locus.

n (valid%) n (valid%)
DRB*1 Patients  Controls DQB*1 Patients  Controls
01 8 (3.7) 9 (3.8) 02 35(15.9) 76 (33)
03 30 (13.8) 50 (21.4) 04 6 (2.7) 6 (2.6)
04 21 (9.6) 32 (13.7) 05 81 (36.8) 27 (11.7)
07 33 (15.1) 32 (13.7) 0301 37 (16.8) 51 (22.2)
08 1(0.5) 2 (9) 0601 37 (168) 47 (204)
09 3(14) 0 (0) 0602 13(5.9) 1(0.4)
10 44 (20.2) 14 (6) 0603 8 (3.6) 16 (7)
1 7 (3.2) 34 (14.5) 0604-09 3(14) 6 (2.6)
12 3(14) 4(1.7)
13 9 4.0) 15 (64)
14 3(1.4) 2 (09
15 55(25.2) 40 (17.1)
16 1(05) 00
Total (2n) 218 (100) 234 (100) Total (2n) 220 (100) 230 (100)

Missing DRB1: patients = 2, controls= 0
Missing DQB1: patients = 0, controls = 4

Alleles in (DRB) P-value odds ratio CI P-corrected
092 0.95 036to25 1196

03 0.03 0.59 035t0 096 044

04 0.18 0.67 0371012 237

07 0.65 113 0.66 to 1.9 845

08 1 0.5346 0.04 to 59 13

10 <0001 397 21t074 0.0013

1 <.0001 0.19 0.08 to 045 0.0013

12 1 038 017 t0 36 13

13 0.28 0.63 026 to 147 3627

14 1 1.6 0.26 to 9.7 13

15 0.03 1.63 103 to 258 043

P <0.05 is considered significant
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Table 5 Statistical analysis of patients and controls at
DQB1 locus.

DQB P-value Pearson chi  OR Cl Corrected P
02 <0.0001 0383 024 to 060 0.0008
04 092 104  033t0329 736

05 <0.0001 438 269 1t0 7.1 0.0008
0301 015 0709 044 to 1.13 1.21
0601 032 0787 048to 1.2 259
0602 0.0008 1438 18to 110 0.006
0603 0.117 0505 021to12 0934
0604-09 0516 0.12 to 2.08

P <0.05 is considered significant.

The frequency of DRB1*11 was quite low in the patient
group (3.2%) and relatively higher among the control
group (14.5%) with P-value <0.0001, corrected P =
0.0013, OR 0.19 (95% CI = 0.08 to 0.45). DRB1*11,
therefore, also showed a significant difference between
the two groups.

Allelic frequencies at the DQB1 locus were also simi-
larly compared between the two groups. It was found
that at the DQBI locus allelic distribution varied signifi-
cantly for three alleles viz DQB1*02, DQB1*05 and
DQB1*602 (Table 5). Frequency of DQB1*02 was signifi-
cantly high in the control group with P-value <0.0001;
corrected P = 0.0008; OR = 0.38 (CI = 0.24 to 0.6 at
95% level). Allelic frequency also varied significantly at
DQB1*05, being higher among the patients with P-value
<0.0001, corrected P = 0.0008, OR = 4.38 (CI = 2.69 to
7.1) at 95% level). Similarly, the frequency was signifi-
cantly high in patients for the allele *602 with P =
0.0008, corrected P = 0.006, OR 14.38 (CI = 1.8 to 110
at 95% level).

Significant associations obtained were also compared
with three other studies published on the Pakistani
population for the DR locus, namely Hameed et al.
1997, Ali et al. 2006 and Naqi et al. 2011 [18-20]. At
the DQ locus the results were compared with one other
study on the Pakistani population, Ali et al. 2006 [20].

Meta-analysis was performed for all the significant
allelic associations reported in these studies. Forest plots
show the statistical results of all the analyses. At the
DRB locus (Figure 1) there are three associations
reported so far, DRB 04 and DRB 10 as disease asso-
ciated and DRB 11 as protective. As shown in Figure
1A, the P-value for cumulative effect of DRB 04 is >0.05
(P = 0.271); therefore, we can conclude that the DR 04
effect is not significant in this population. For DRB 10
(Figure 1B) there seems to be a disease association effect
with P-value = 0.009, and DRB 11 (Figure 1C) is protec-
tive with cumulative P <0.001.

At the DQ locus we obtained three significant alleles
and all three were compared with the only published
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data at this locus: that is, Ali et al. 2006 [20]. The
cumulative protective effect of DQB 02 was significant
with P = 0.001 (Figure 2A), for DQB 05 also there was
significance with P = 0.002 towards the protective effect
(Figure 2B), whereas the protective effect of DQB 06
was not significant (Figure 2C).

Haplotype distribution

In addition to the allele frequencies, two locus haplotype
frequencies were also calculated from all possible haplo-
type combinations generated (patients = 52, controls =
59) by Arlequin software. All major haplotypes obtained
in the two groups are shown in Table 5; minor haplo-
types with less than 1% presentation are not included.
Among the patients, DRB1*15- DQB1*0601 was the
most common haplotype found (14.5%), and DRB1*10-
DQB1*5 was the second most frequent haplotype (13.6)
observed. Among the control group DRB1*15-
DQB1#*0601 was the most common (12.1%) and
DRB1*07- DQB1*02 was the second most frequent hap-
lotype (11.3%) observed.

Haplotype association

Comparison of the patients and control group was carried
out for the two locus haplotype distribution (Table 6). A
significant difference in frequency distribution was
observed for three haplotypes viz DRB1*07-DQB1*02 (P
<0.0001; and corrected P = 0.005, odds ratio = 0.105, CI =
0.03 to 0.33), DRB1*11-DQB1*0301(P <= 0.00564; cor-
rected P = 0.029, odds ratio = 0.28, CI = 0.11 to 0.68) and
DRB1%10- DQB1*05 (P <0.0001; and corrected P = .005 for
odds ratio = 12, CI = 4.39 to 32.9). Therefore, DRB1*07-
DQB1*02 and DRB1*11-DQB1*030lare protective,
whereas, DRB1*10- DQB1*05 is disease-associated. Linkage
disequilibrium between DRB1*07 and DQB1*02 was calcu-
lated in order to determine the level of association between
these two loci (A = 0.03, P = 0) and similarly between
DRB1*11 and DQB1*0301 (A = 0.0568, P <0.001), and
between DQB1*10 and DQB1*5 loci (A = 0.049, P = 0).

Discussion

Our study was aimed at determining the effect of HLA
class II alleles in rheumatoid arthritis in patients from
Pakistan. A cross-sectional case control study was car-
ried out to compare RA patients with a control popula-
tion. The HLA profile of the control group was in
agreement with previous studies [21-23]. Samples col-
lected were not analyzed on the basis of ethnicity as the
patients were a mixed population from the northern
region who visited the public sector hospital for consul-
tation. Random selection of patients showed a predomi-
nance of females with the disease. Various studies,
including one from Pakistan, have shown a dispropor-
tionate effect of autoimmune diseases, including RA, on
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A. HLA-DRB04
Study Name  Statistics for each study Odds ratios and 95% ClI
Odds Lower Upper
ratio limit  limit Z-Value P- Value
Hameed et @l,, 1997 1.878 0.902 3909 1.685 0.092
Ali et al ;2006 L110 0.439 2805 0.221 0.825
Nagi et al.,2011 4.630 1.585 13.526 2.802 0.005
This study 0.673 0375 1.207 -1.328 0.184
1.240 0.846 1.891 1.101  0.271
0.01 0.1 1 10 100
B. HLA-DRB10
Study Name  Statistics for each study Odds ratios and 95% Cl
Odds Lower Upper
ratio limit limit Z-Value P-Value
Hameed et al,, 1997 3.293 1.444 7.509 2.834 0.005 ——
Ali et al, ;2006 0.935 0.457 1913 -0.184 0.854
Nagqi et al,,2011 0.527 0.263 1.056 -1.806 0.071
This study 3973 2.110 7.482 4271 0.000 .2
1.597 LI121 2275 2594 0.009 *
0.01 0.1 1 10 100
C. HLA-DRBI11
Study Name  Statistics for each study Qdds ratios and 95% CI
Odds Lower Upper
ratio limit limit Z-Value P-Value
Hameed et @l,1997 0.235 0.108 0513 -3.639 0.000
Ali et al,, 2006 0.659 0315 1379 -1.107 0.268
Naqi et al,, 2011 0.253 0.108 0.591 -3.173 0.002
This study 0.195 0.084 0.451 -3.818 0.000
0.309 0.208 0461 -5.764 0.000 ‘
0.01 0.1 1 10 100
Figure 1 Forest plots for all DRB significant association studies in the Pakistani population. Plots show the effect size and precision for
each study and the combined effect of all studies. Filled boxes show proportional size of the study weight.

middle-aged women [24,25]. The high female ratio is
probably due to the involvement of X-linked and hor-
monal factors that interplay with a number of autoim-
mune diseases.

The study reports RA disease association with HLA
allelic and haplotype variations. Since the Pakistani
population shows close relatedness with Caucasian and
Middle-Eastern populations [10] we expected similar
allelic and haplotype association with the disease as
reported for other Semitic races. Surprisingly, our

results show some novel associations as well as pre-
viously reported ones. In the study we found a signifi-
cant effect of allelic predisposition for the disease as
well as variations that seem to have a protective effect
against the disease. There has lately been more focus on
the DRBI locus probably because of the shared epitope
hypothesis but we clearly found an effective role of the
DQBI1 locus as well.

It was found that the alleles DRB1*10, and DQB1*05
were strongly disease associated, with 44 (20.2%) and 81
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A. HLA-DQBO02

Study Name

Statistics for each study

Odds ratios and 95% CI

Odds Lower Upper
ratio limit limit

Ali etal, 2006 0,937
This study

0.571 1.539

0.576 0412 0806 -3.221

B. HLA-DQBO05

Z-Value p-Value

-0.257
0.383 0.243 0.604 -4.135

0.797
0.000 =
0.001 ¢

0.01 0.1 1 10 100

Study Name  Statistics for each study Odds ratios and 95% ClI
Odds Lower Upper
ratio limit limit Z-Value P-Value
Ali etal, 2006 0.663 0.405 1.089 -1.621 0.105
This study 4.381 2.694 7.124 5.956 0.000 .
1.735 1.226 2.454 3.113 0.002 .
0.01 0.1 1 10 100
C. HLA-DQB06
Study Name  Statistics for each study Odds ratios and 95% CI
Odds Lower Upper
ratio limit limit Z-Value P-Value
Ali etal, 2006 1.764 1.055 2948 2.166 0.030
This study 0.928 0912 1.407 -0.352 0.725
1.197 0.866 1.654 1.090 0.276
0.01 0.1 1 10 100

Figure 2 Forest plots for all DQB significant association studies in the Pakistani population. Plots show the effect size and precision for

-

each study and the combined effect of all studies. Filled boxes show proportional size of the study weight.
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(36.8%) patients, respectively. Allele DQB1* 602 was also
significantly associated with the disease with 13 (5.9%)
patients carrying this allele (Table 2). We analyzed the
cohort with RF positive patients (58%) and the effect of
DQB 602 was enhanced (P = 0.0001). Associations with
DRBI1 or DRB4 reported in other populations [26] were
not found. DRB1*10 allelic association reported in this
study is in agreement with another published study on

patients from South of Pakistan [19] as well as in some
Caucasian populations [27], although we got slightly
higher significance of association even after Bonferroni
correction. All these alleles at the DRB locus have a so-
called common shared epitope [28] and, therefore, may
be involved in the same functional pathways. It is also
worth mentioning that the allele frequency of DRB1¥10
is very low in the general population in Pakistan which



Muazzam et al. Arthritis Research & Therapy 2013, 15:R95
http://arthritis-research.com/content/15/4/R95

Table 6 Statistical analysis of major haplotype
associations with patients and controls.

Haplotype P-value  Odds Cl Corrected P
DRB1-DQB1 ratio

DRB1*03- DQB1*02 0.069 0.5514 024 t0 1.2

DRB1*07- DQB1*02 <0.0001  0.1058  0.03 to 033 0.005
DRB1*10- DQB1*05 <0.0001 12 439 t0 329 0.005
DRB1*11- DQB1*0301 0.000564  0.2847  0.11 to 0.68 0.029
DRB1*15- DOB1*0601  0.554 1.77 0.83 to 3.77 28

P <0.05 is considered significant.

has been verified in a number of studies [20,21,25], but
its frequency is very high in our patient population,
which highlights its significance with RA disease. DRB1*
04 was not significantly different in the patients and
controls of our cohort although the frequency was
higher in the controls (Table 2). In the study of Hameed
et al. [19], the frequency of DRO4 is higher in the
patient group; on sub-typing they found frequency of
402 and 403 associated with protection to be quite low.
If we exclude these alleles from our 04 samples it may
only tilt the trend toward neutrality rather than towards
disease association. Comprehensive meta-analysis was
performed in order to analyze the allelic significance
shown in various studies reported for Pakistani RA
patients. As shown in the forest plot, DRB 10 shows a
cumulative disease association (P = 0.009) further sup-
porting the results of our study and the involvement of
RRRAA motif [27]. The significance of DRB 04 shown
in other Pakistani population studies is reduced, thus
showing noninvolvement of DRB4 in the disease in this
region.

At the DQB locus we found a significant association
of the disease with DQB 05. No other data on the Pakis-
tani population were available for DQB association,
except Ali et al. [20]; therefore, we compared our data
with one study only. The allelic association remained
significant also for the cumulative effect (P = 0.002,
Figure 2B), showing the significance in this study. Asso-
ciation with DQB1*05 has also been proposed previously
in a model suggesting DQB1 *03 and DQB1*05 as pre-
disposing alleles that are in disequilibrium with DR
alleles [29,30]. In addition to the allelic association, hap-
lotype DRB1#*10-DQB1*05 was highly significant, with
30 patients (13.6%) vs. 6 controls (2.6%) carrying this
haplotype. This significance might be due to linkage dis-
equilibrium between DR10 and DQ5. Since both alleles
at their respective loci were strongly disease associated,
they also appeared in the associated haplotype but it
must also be noticed that the haplotype effect gives a
higher odds ratio (Tables 4, 5, 6). DQB 602, also signifi-
cantly disease-associated in our data, showed enhanced
disease association with RF positivity. In meta-analysis
results we pooled our data for all DQB 06 sub-alleles to
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compare them with Ali et al. [20], who did not subtype
for DQB 0602. The significance was lost, showing the
effect of 0602 only. It is worth mentioning that in the
western population DQB 601 and DQB 602 are both
linked to DRB 15 and show a protective effect [31]. In
our samples, 602 is not linked with DR15 or any other
DRB locus, appears with varied DR loci and shows dis-
ease susceptibility.

Since all the results for DQB locus meta-analysis have
been compared with only one available study reported
so far and our results, although significant, are not in
agreement with that previous study, any conclusion
drawn for this locus should be taken with due caution.

DRB1*11 was protective with 34 control samples
(14.5%) carrying this allele, whereas DQB1*02 was highly
protective with 76 control samples (33%) carrying this
allele. The protective effect of allele DQB1*02 is
reported for the first time in this study although it was
reported in haplotype HLA-DQA1*05-DQB1*02 [32].
The effect of the DQ locus (P = 0.0008) is more pro-
nounced than the effect of the DR locus (P = 0013).
Surprisingly, the two loci do not form a valid haplotype,
although the DQ locus has a significant presentation in
the patients and control population. This could be due
to a stronger linkage disequilibrium between DRB1*07
and DQB1*02. It seems that the HLA DRB1*11 and
DQB1*02 alleles assort independently. Meta-analysis
results with the other three studies on the Pakistani
population retained the significance of protective effect
of DR 11 (Figure 1C) as well as DQO02 (Figure 2A).
DRB1*11 protection is explained due to its DERAA
motif at positions 70 to 74 [33].

The haplotype DRB07-DQB02 showed a protective
advantage with 26 control samples (11.3%) carrying this
combination. Allele DRB1*07 is a common allele in
both populations. It is interesting to note that the
DRB1*07 allele was reported to confer protection in the
Moroccan population with P = 0.03 [34].

In addition, haplotype DRB1*11-DQB1*0301 was also
significantly protective with 25 control samples com-
pared to 9 patient samples. Here again DQB1*0301 was
a common allele in both populations, it has also
appeared in the haplotype formation. When we compare
the allelic and haplotype effect of DRB1*11 it can be
seen from Tables 3, 4 and 6 that there is no significant
combined effect of the two alleles as expected due to
non-significance of DQ 0301. It may be that the protec-
tive effect of DQB1*0301 is due to linkage disequili-
brium with DRB1*11, which was confirmed by the LD
test (A = 0.056). It may also be mentioned that haplo-
type protection of DRB1*0403-DQB1*0O301 has been
reported previously [6]. When the protective effect of
DQB1*02 is compared in the allelic and haplotype for-
mation of our cohort, there is no significant difference
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(Tables 4, 5, 6) and it may be concluded that the appar-
ent haplotype effect is only due to linkage disequili-
brium between the two alleles reported in various
studies [6,35].

Conclusions

In conclusion, our results show significant association of
rheumatoid arthritis with HLA class II alleles DRB1*10
and DQB1*05 as well as DQB1*602. A significant dis-
ease protection was also found with alleles DRB1#*11 and
DQB1%02 not reported previously. Haplotypes DRB1
*10-DQB1 *05 was disease-associated and two haplo-
types DRB1* 07-DQB1*02 and DRB1*11-DQB1*0301
were protective against the disease. Meta-analysis of the
Pakistani population further strengthens our results.
The findings indicate the importance of the need for
conducting disease association studies for specific ethnic
groups and populations of patients and determine the
ever increasing genetic variation of this disease. It might
provide an insight into identifying the important path-
ways involved and will, therefore, help in prognosis and
disease management for patients suffering from rheuma-
toid arthritis.
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