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We have investigated the distribution of the HLA-DRB1, -DQA1 and
-DQB1 alleles in rheumatoid arthritis (RA) by comparing the allele
frequencies in blood from 65 Cape coloured (mixed-ancestry) RA
patients and 114 controls, and from 25 Xhosa RA patients and 94
controls. The strongest positive association with RA was found for
the DRB1*0401 allele, followed by the DQA1*0301 and DQB1*0302
alleles, which are strongly linked with DRB1*0401. Data for both
populations were statistically significant. In addition, DQB1*0501,
which is in linkage disequilibrium with DR1 and DR10, showed a
positive association with RA. These findings are in agreement with
those for Caucasoids; they indicate that haplotypes that predispose for RA are highly conserved during evolution. Negative
associations, that is, a protective effect for RA, were also found, but
only for broad specificities; the associations were generally
weaker. New findings were negative associations for DRB1*03,
DRB1*0701, DQA1*0501 and DQB1*06. The DRB1*0301 and
DQA1*0501 alleles are in linkage disequilibrium; a negative association was found in both populations. The negative association of
DRB1*0701 was found only in the mixed-ancestry population and
was absent in Xhosa. The effect of DQA1*06 was significant in both
populations. Thus, the protective HLA-DR and DQ alleles show a
greater ethnic diversity.
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Introduction
The human leukocyte antigen (HLA) class II genes play an
important role in the genetic predisposition to many autoimmune diseases. In the case of rheumatoid arthritis (RA), predisposing or susceptibility as well as protective genes1 have been
identified. Studies of HLA disease associations are complicated
by the great extent of ethnic differences in HLA alleles and linkage disequilibrium between the DR and DQ loci.2–4 Since
HLA alleles may be targets for future therapeutic intervention,
defining the HLA disease associations in every population is important. The Cape coloured population is unique in that it is of
mixed origin, that is, it has Khoisan, South African Negroid,
western European and southeast Asian (Malaysian, Indonesian
and Indian) ancestry. South African Xhosa are Bantu-speaking
African blacks in whom miscegenation with Khoisan has
frequently occurred. Serologically determined frequencies of
HLA-A, -B, -DR and -DQ in these populations differ considerably from those described for western Europeans.5 The majority
of previous disease association studies in the Cape coloured and
southern African black populations have been performed using
serological HLA typing for the HLA-DR and DQ loci; in the
present investigation, high-resolution DNA class II typing was
performed. DRB1*04 has been implicated as a predisposing
factor for RA in many populations.6–8 Similar results were found
for a population of Zimbabwean blacks.9,10 In Mediterranean
populations, DRB*01 and DRB1*10 were predominantly found
to be predisposing factor;11 we found that DRB1*10 was a predisposing factor for juvenile RA in the mixed-ancestry population.12
Various theories have been proposed to explain the mode of
action of HLA alleles. The ‘shared epitope’ hypothesis was
developed to explain that different HLA-DRB1 alleles have been
identified as susceptibility genes for RA: similar motifs within
the third hyper variable (HV3) region of some HLA-DRB1 alleles
have been found, which may affect the peptide binding characteristics of the HLA molecules. The HV3 region proteins induce
stronger proliferative T-cell responses when derived from
non-predisposing DRB1 chains,13 suggesting an abnormal T-cell
response. Another study found that the HV3 region of predisposing DRB1 chains constitutes a binding motif for the highly
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Table 1. HLA-DRB1, -DQA1 and -DQB1 associations predisposing for rheumatoid arthritis in South African Cape Coloureds and
Xhosa.
Locus/allele

Population

Frequency (%)
RA

d

c

RR(95% CI)

a

P-valueb

Controls

DRB1*0401

CC
e
Xhosa

24.6
22.0

5.7
3.7

2.3 (1.8–2.9)
3.5 (2.2–5.5)

<0.001
<0.001

DQA1*0301

CC
Xhosa

35.4
36.0

14.3
9.7

1.7 (1.4–2.2)
2.9 (1.8–4.4)

<0.001
<0.001

DQB1*0302

CC
Xhosa

24.6
22.0

10.5
4.8

1.8 (1.3–2.3)
3.1 (1.9–5.0)

<0.001
<0.001

*0501

CC
Xhosa

30.0
24.0

13.6
14.4

1.7 (1.3–2.2)
1.6 (0.4–1.6)

<0.001
NS

a

RR, relative risk; Taylor series 95% confidence limits; bP value was determined with the Mantel-Haenszel chi-square test with Yates’ correction; cRA,
d
e
rheumatoid arthritis; CC, Cape coloureds; 65 patients and 114 controls were tested; For Xhosa, 25 patients and 94 controls were tested.

conserved family of 70-kDa heat-shock proteins.14 These findings suggest a central role for antigen presenting events in the
aetiology of RA. More recently, another model was proposed in
which HLA-DQ predisposes while HLA-DR protects.13–17 In a
number of DQ alleles, the p1 pockets that constitute an essential
part of the antigen-binding groove are identical. These predisposing DQ alleles would bind the HV3 region of protective
DRB1 alleles. This model implies that the HLA-DR-DQ combination, rather than the alleles of the individual DR and DQ loci, exert the predisposing or protective effect. DR and DQ molecules
may be present in the cis as well as in the trans position.15
The aim of this study was twofold: to determine by DNA
typing the allele specificity of the HLA-DR4 locus implicated in
other studies, and whether other HLA class II specificities, or the
complete haplotype, incurred a protective effect.
Patients and methods
Patients. Ninety unselected RA patients attending the Rheumatic Diseases Clinic at Groote Schuur Hospital, Cape Town,
and satisfying the criteria for RA were included in the study; 25
patients were Xhosa and 65 patients were Cape coloured.
Ninety-four healthy Xhosa and 114 healthy Cape coloured local
factory workers served as controls. An approximately equal
number of men and women were present in each group.
DNA typing. HLA-DNA typing was performed using the
PCR-SSOP method. Briefly, DNA extracted from blood specimens was amplified by polymerase chain reaction (PCR) with
DRB1, DQA1 and DQB1 group-specific primer pairs. Amplified
samples were dot-blotted onto a nylon membrane and hybridized with sequence-specific oligonucleotide probes (SSOPs)
obtained from the XIth International HLA workshop. Alleles
were assigned based on the reaction pattern as determined by
two independent observers.18
Statistical analysis. Antigen frequencies were estimated by
direct counting, and compared with the frequencies of the
normal controls from the corresponding ethnic group. Differences between antigen frequencies were tested for significance
using the Mantel-Haenszel chi-square test and the Yates’
correction, using StatCalc computer software. The relative risk
(RR) and Taylor series 95% confidence intervals were also determined in this manner.
Results and discussion
HLA antigen frequencies in the study populations that were
significantly or conspicuously present in a higher frequency in
the RA patients than in the control groups are summarized in
Table 1. The strongest predisposing association for both Cape
coloureds and Xhosa was found for the DRB1*0401 allele.

Relative risk was 2.3 and 3.5, respectively. The other alleles of
DRB1*04 that were tested (DRB1*04, *0402, *0403, *0404, *0405
and *0408) combined did not show any significant result; RR
was 1.2 and 3.0 for mixed-ancestry and Xhosa patients, respectively. Since these alleles were present in only small numbers, an
effect of these alleles cannot be ruled out. These results are in
agreement with other studies implicating the DRB1*0401 allele
as a risk factor for the development of RA.6–10
The DQA1*0301 and DQB1*0302 alleles were also present in
the RA patients in a significantly higher number (Table 1);
this result was also highly statistically significant. For Cape
coloureds and Xhosa, RR for DQA1*0301 was 1.7 and 2.9,
respectively; for DQB1*0302, 1.8 and 3.1, respectively. These
alleles are in strong linkage disequilibrium with the DRB1*0401
allele. Since the positive association with RA for DQA1*0301 and
DQB1*0302 was less strong than the DRB1*0401 association, this
may explain these results. All three alleles were present in 17/65
Cape Coloured and in 8/25 Xhosa patients. This result is similar
to those found in Caucasoids, which implicate the DRB1*0401,
DQA1*0301, DQB1*0302 haplotype as a risk factor for the development of RA.6–8 Results in Zimbabwean blacks were similar;9,10
these findings indicate that this haplotype predisposing for RA
is highly conserved throughout evolution.
Another DQB1 allele which showed a positive association
with RA was DQB1*0501; the effect was weak (RR for Cape
coloureds, 1.7; for Xhosa, 1.6) and only the results for the Cape
coloureds are statistically significant. The DQB1*0501 allele was
strongly linked with DRB1*01 and DRB1*10. In a previous
study, DRB1*10 was found to be strongly associated with juvenile chronic arthritis (JCA) in the mixed-ancestry population.12
While every effort was made to exclude from the RA study group
individuals who had previously presented with JCA, it is
possible that a few may have been included. These findings are
similar to those found for Mediterranean Caucasoids;11 this may
also be a highly conserved predisposing haplotype.
Like previous investigators,15,16 we found a number of HLA
alleles that appeared to be protective against the development of
RA; the results are summarized in Table 2. Generally, the effect
was associated with a broad specificity rather than with a specific
allele; the associations were less strong than those for the susceptibility genes. The DRB1*0301 and *0302 alleles, when taken
together, showed a significant protective effect for RA in both
Cape coloureds (RR = 0.2) and Xhosa (RR = 0.4). The RR values
for these alleles were comparable (Cape coloureds, DRB1*0301:
RR = 0.2, DRB1*0302: RR = 0.4; Xhosa, DRB1*0301: RR = 0.3,
DRB1*0302: RR = 0.4). A protective effect for DRB1*03 has not
been described previously and may be specific for our population.
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Table 2. HLA-DRB1, -DQA1 and -DQB1 associations protective for rheumatoid arthritis in South African Cape coloureds and Xhosa.
Locus/allele

Population

Frequency (%)
RA

DRB1 *0301,*0302
*0701
DQA1 *0501
DQB1 *06 (*0601–
*0605; *0609)

d

CC
e
Xhosa
CC
CC
Xhosa
CC
Xhosa

c

2.3
8.0
3.9
9.2
10.0
12.3
20.0

RR(95% CI)

a

P valueb

Controls
9.7
22.9
14.4
27.3
16.7
24.1
38.3

0.2 (0.1–0.6)
0.4 (0.1–0.9)
0.3 (0.2–0.8)
0.4 (0.3–0.7)
0.6 (0.3–1.5)
0.4 (0.6–0.9)
0.5 (0.3–0.9)

<0.001
0.028
0.003
<0.001
NS
0.011
0.024

a
c

RR, relative risk; CI, Taylor series 95% confidence limits. bP value was determined by the Mantel-Haenszel chi-square test with Yates’ correction.
RA, rheumatoid arthritis. dCC, Cape coloureds; 65 patients and 114 controls were tested. eFor Xhosa, 25 patients and 94 controls were tested.

DQA1*0501 had a protective effect in both populations; only
the results for the Cape coloureds (RR = 0.4) are significant. This
allele is strongly associated with DRB1*0301 and *0302, which
may explain this effect. Since the effect is stronger for the DRB1
allele, only the latter may be implicated.
The DRB1*0701 allele showed a protective effect with an RR of
0.3, but only in Cape coloureds. Interestingly, this DR allele did
not exert any influence on RA in the Xhosa population: RR was
1.0. This protective effect has been described in several studies.1,16,17 DRB1*07 in blacks is found in association with DQB1*02,
whereas in Caucasoids and Cape coloureds it is mainly found in
association with DQB1*03 (unpubl. obs.). This may account for
the absence of protection for RA in the Xhosa population.
The DQB1*06 broad specificity (DQB1*0601, *0602, *0603,
*0604, *0605, *0609) appeared to have a protective effect in both
population groups. The RR value for mixed-ancestry was 0.4;
for Xhosa 0.5. Except for the DQB1*0601 allele, all alleles showed
an RR value of less than 1. This effect appeared to be the strongest for the DQB1*0602 allele; the P value for this allele for
Cape coloureds was highly significant (P = 0.006; RR = 0.3) The
DQB1*06 specificity does not show a strong association with any
particular DRB1 specificity. A protective effect of DQB1*06 has to
our knowledge also not been reported previously.
In summary, there is a remarkable similarity between
Caucasoids, blacks and Cape coloureds in the HLA-DRB1, -DQA1
and -DQB1 alleles, which predispose for RA. However, a greater
ethnic diversity exists for the factors that are protective for RA.
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