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Systemic lupus erythematosus (SLE) is an autoimmune
disease affecting multiple organs that is characterized by the
production of various antibodies against nuclear, cyto-
plasmic, and cell surface antigens. The expression of SLE is
influenced by environmental factors and genetic predisposi-
tion1. Case-control studies have shown that HLA-DR2 and
DR3 alleles are associated with SLE2-5.

HLA class II regions also contain HLA-DMA and HLA-
DMB genes. These 2 genes encode respectively for α and ß
glycoproteins that make up the HLA-DM heterodimer
involved in class II-dependent antigen presentation. To date,
4 DMAalleles and 6 DMB alleles have been described6,7. In
the endosomal compartments, HLA-DM molecules interact
with HLAclass II molecules and participate in the selection
of the peptide binding to class II molecules8,9. HLA-DMA

and DMB genes have limited nucleotide polymorphisms in
the third exon6.

The functional interaction between HLA-DR and HLA-
DM complexes led us to study the polymorphism of HLA-
DM genes in HLAassociated disease. Particular alleles have
been associated with susceptibility in diabetes mellitus,
rheumatoid arthritis (RA), and SLE10-13. We compared the
distribution of HLA-DMA and DMB genes in a French
population of SLE patients and controls.

MATERIALAND METHODS
Patients and controls. Seventy-three SLE patients (68 women, 5 men,
median age 35 yrs, range 12–81) were examined. SLE was diagnosed by 2
rheumatologists according to the American College of Rheumatology
(ACR) 1982 revised criteria14. All patients were of Caucasian origin. Blood
was collected at the Rheumatology Department of the University Hospital
of Montpellier. Two unrelated control populations were used in this study.
All were healthy volunteer bone marrow donors recruited in the
Montpellier area. One group consisted of 147 individuals randomly
selected and typed for HLA-DR and HLA-DM genes. To determine if the
association between SLE and certain HLA-DM alleles resulted from a
direct influence of the DM genes or an indirect influence through linkage
disequilibrium with alleles of the DRB1 locus, a second group of controls
was defined. This group was composed of 86 individuals carrying
DRB1*02 or DRB1*03, the SLE-associated HLA-DRB1 alleles.

Methods. Genomic DNAwas extracted from peripheral blood mononuclear
cells according to the classic salting-out procedure. DRB1 alleles were
typed as described15. Polymorphism of the DMA and DMB genes was
determined after polymerase chain reaction (PCR) amplification of
genomic DNAusing 2 specific pairs of primers. Hybridization of the PCR
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products with the respective DMA and DMB panel of sequence-specific
oligonucleotide probes (SSOP) was performed using a nonradioactive
direct dot-blot procedure 1 2. HLA-DMA*0101 to *0104 and HLA-
DMB*0101 to *0106 were oligotyped.

Statistical analysis. The significance of differences in phenotype frequen-
cies between SLE patients and controls was determined by Fisher’s exact
test. Corrected p values were calculated according to Bonferroni’s method
by multiplying p by the number of alleles compared. The level of signifi-
cance was set at 0.05.

RESULTS
The clinical manifestations in the patients with SLE were
various. Arthritis was the main symptom, with a 91.8%
f r e q u e n c y. Jacoud’s hand and osteonecrosis frequencies were
4.1% and 5.5%, respectively. Skin disease frequency was
72.6%, with 40.3% of lupus rash, 28.8% of photosensitivity,
and 8.2% of oronasopharyngeal ulcer. Vasculitis eruption
was found in 31.5% of SLE patients and Raynaud’s phenom-
enon in 34.2%. Visceral lesions were not very frequent:
serositis was found in 23.3% of SLE patients, nephritis and
central nervous system involvment in 9.6%. For the biolog-
ical manifestations, hematological disorders were found in
two-thirds of SLE patients (63%). Leukopenia was the most
frequent (31.5%) anomaly before thrombopenia (21.9%) and
anemia (15%). Antinuclear antibodies were present in 98.6%
of SLE patients, anti-DNAantibodies in 87.7%, anti-ENAi n
52%, and rheumatoid factor in 8.2%. Antiphospholipid anti-
bodies (aPL) were found in 54.8% of SLE patients. T h e s e
a P L were essentially anticardiolipin antibodies (90%) and
lupus anticoagulant (55%). Although anti-ß2-glycoprotein I
antibody positivity is not an ACR criterion for lupus classifi-
cation, antibodies were present in 21.9% of SLE patients. In
our patient population the frequencies of clinical and biolog-
ical features were similar to those reported1 6 - 2 0. The lower
percentages of kidney disorders and discoid lupus are prob-
ably related to a bias in recruitment because SLE patients
were recruited in a department of rheumatology. A n o t h e r
explanation is that some clinical features may have not been
reported in the patient charts.

Table 1 shows HLA-DRB1 allele distribution in SLE
patients and the randomly selected controls. The HLA-
DRB1*02 and 03 alleles are known to be associated with
SLE susceptibility. HLA-DRB1*02 and DRB1*03 alleles
were found in 22% and 27% of the patients, respectively,
frequencies that are similar to other studies 2 1. HLA-
DRB1*02 includes both HLA-DRB1*15 and DRB1*16
alleles, and HLA-DRB1*1501 is the allele more closely
associated with SLE22. There was a trend to a higher
frequency of HLA-DRB1*03 and DRB1*15 in patients with
SLE, but no significant difference was observed in the
distribution of HLA-DRB1 alleles, and especially DRB1*15
and DRB1*03, between the SLE patients and controls. The
small size of our population of patients with SLE may
explain the absence of difference.

Association of HLA-DMA and DMB alleles with SLE. Table

2 shows phenotype frequencies of HLA-DMA and DMB
alleles in patients with SLE and randomly selected controls.
HLA-DMB subtyping could not be performed for one SLE
patient. The frequencies of HLA-DMA*0103, DMA*0104,
and DMB*0102 phenotypes were significantly higher in
SLE patients compared to the randomly selected controls.
No patient with SLE had HLA-DMB*0105 and DMB*0106
alleles. The association between these alleles is probably not
related to a linkage disequilibrium with HLA-DRB1*15 and

The Journal of Rheumatology 2003; 30:71486

Table 1. Comparison of phenotypic frequencies of HLA-DRB1 alleles
between patients with SLE and controls.

Lupus, Controls,
n = 73 n = 147

DRB1 Gene n (%) n (%) p

DRB1*01 10 (13.7) 16 (11.3) NS
DRB1*03 21 (27.4) 17 (11.6) NS
DRB1*04 14 (19.2) 17 (11.5) NS
DRB1*06 1 (1.4) 0
DRB1*07 14 (19.2) 23 (15.8) NS
DRB1*08 6 (8.2) 6 (3.8) NS
DRB1*09 1 (1.4) 0 NS
DRB1*10 2 (2.7) 0 NS
DRB1*11 24 (34.2) 19 (13) NS
DRB1*12 2 (2.7) 2 (1.6) NS
DRB1*13 21 (28.8) 20 (13.5) NS
DRB1*14 5 (6.8) 5 (3.4) NS
DRB1*15 13 (19.2) 20 (13.3) NS
DRB1*16 3 (4.1) 1 (0.7) NS

NS: not significant.

Table 2. Comparison of phenotypic frequencies of HLA-DMA and DMB
alleles between patients with SLE and healthy controls. Phenotypic or
allelic frequencies in parentheses.

SLE, Controls, SLE, Controls,
n = 73 n = 147 n = 73 n = 147

DM Gene AF (%) AF (%) PF (%) PF (%) p pcorr

DMA
*0101 113 (77) 256 (87) 70 (96) 146 (99) NS* NS
*0102 10 (7) 32 (11.3) 10 (14) 33 (22) NS NS
*0103 12 (8) 4 (1.3) 11 (15) 4 (3) 0.0012 0.0048
*0104 11 (5) 2 (0.4) 11 (15) 4 (3) 0.0012 0.0048

n = 72 n = 147 n = 72 n = 147

DMB
*0101 105 (73) 223 (76) 64 (89) 138 (94) NS NS
*0102 14 (10) 12 (4) 14 (19) 10 (7) 0.0097 0.0388
*0103 20 (14) 50 (17) 20 (28) 43 (29) NS NS
*0104 20 (14) 9 (3) 5 (7) 10 (7) NS NS
*0105 0 0 0 0
*0106 0 0 0 0

AF: allelic frequency, PF: phenotypic frequency, NS: not significant. pcorr:
Bonferroni method.

Personal, non-commercial use only.  The Journal of Rheumatology  Copyright © 2003. All rights reserved.

 www.jrheum.orgDownloaded on May 24, 2023 from 

http://www.jrheum.org/


DRB1*03 alleles, because the frequency of these 2 alleles
was not significantly increased in our patient population.

Combined analysis of HLA-DM and DRB1 allele distribu -
tion in SLE. To entirely eliminate a possible influence of a
linkage disequilibrium between alleles at the DM locus
and SLE-associated DRB1 alleles, patients and controls
were stratified according to their HLA-DRB1 genotypes
( Table 3). We split these 2 groups into HLA-DRB1*15 and
DRB1*03 positive and negative individuals (the so-called
DRX). Three patients had HLA-DRB1*15 and DRB1*03
and were counted in both groups, which explains that the
total number of lupus patients is 76. The frequency of
HLA-DMB*0103 allele was higher in the
DRB1*03/DRB1*03 and the DRB1*03/DRB1*X patients
than in the matched controls. However, the difference was

not found to be significant after correction of p value. T h e
frequency of HLA-DMA*0103, DMA*0104, and
DMB*0102 tended to be higher, but was not significant in
patients carrying DRB1*15 or DRB1*03 compared to
HLA-matched controls. Finally, in DRX/DRX patients the
frequency of the HLA-DMA*0104 was increased
compared with that of matched controls (22% in patients
versus 2.1% in controls, pc o r r = 0.04), which strongly
suggests that no linkage disequilibrium with the HLA-
DRB1*15 and 03 could explain the effect of HLA-
DMA*0104. No correlation was found between
H L A - D M A and DMB alleles and various clinical manifes-
tations of SLE or with anti-dsDNA, anti-SSa, anti-SSb anti-
Sm, anti-RNP, and aPL in this population of patients with
SLE (Tables 4 and 5).
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Table 3. Distribution of HLA-DMA and DMB alleles in SLE patients and HLA-DRB1-matched controls according to HLA-DRgenotypes. a. Phenotypic
frequencies (PF) of HLA-DMAand DMB alleles. b. Allelic frequencies (AF) of HLA-DMAand DMB alleles. Odds ratio (OR) indicated only when the differ-
ence is significant.

Table 3a.

HLA-DRB1*15 and DRB1*03
DRB1*15/15 or DRB1*15/X DRB1*0303 or DRB1*03/X HLA-DRX/DRX

PF (%) PF (%) PF (%) PF(%) PF (%) PF (%) p pcorr OR
SLE, Controls, SLE, Controls, SLE, Controls,

DM Gene n = 13 n = 20 n = 20 n = 19 n = 40 n = 49

DMA
*0101 12 (92) 16 (80) 20 (100) 19 (100) 38 (95) 48 (98) NS NS
*0102 2 (15) 4 (20) 2 (10) 0 6 (15) 11 (23) NS NS
*0103 1 (8) 0 3 (15) 0 6 (15) 3 (6) 0.1753 0.7 2.7
*0104 2 (15) 0 1 (5) 0 8 (20) 1 (2.1) 0.0099 0.039 12

DMB
*0101 11 (85) 19 (95) 17 (85) 18 (95) 35 (88) 45 (92) NS NS
*0102 1 (8) 0 4 (20) 0 9 (23) 6 (12) 0.1986 0.7 2
*0103 5 (38) 9 (45) 7 (35) 1 (5) 9 (23) 14 (29) NS NS
*0104 1 (8) 0 0 3 (16) 4 (28) 1 (2) NS NS

Table 3b.

HLA-DRB1*15 and DRB1*03
DRB1*15/15 or DRB1*15/X DRB1*03/03 or DRB1*03/X HLA-DRX/DRX

AF (%) AF (%) AF (%) AF (%) AF (%) AF(%)
SLE, Controls, SLE, Controls, SLE, Controls,

DM Gene n = 13 n = 20 n = 20 n = 19 n = 40 n = 49

DMA
*0101 21 (81) 36 (90) 34 (85) 38 (100) 60 (75) 83 (85)
*0102 2 (8) 4 (10) 2 (5) 0 6 (7.5) 11 (11)
*0103 1 (4) 0 3 (8) 0 6 (7.5) 3 (3)
*0104 2 (8) 0 1 (2.5) 0 8 (10) 1 (1)

DMB
*0101 19 (73) 30 (75) 29 (73) 32 (84) 56 (70) 74 (76)
*0102 1 (4) 0 4 (10) 0 9 (11) 7 (7)
*0103 5 (19) 10 (25) 7 (18) 1 (3) 9 (11) 16 (16)
*0104 1 (4) 0 0 3 (8) 4 (5) 1 (1)
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DISCUSSION
SLE is a chronic autoimmune disease characterized by the
production of autoantibodies to an array of nuclear antigens.
HLA class DR alleles have been implicated as genetic
factors for SLE. HLA-DRB1*03 and DRB1*1501 are more
strongly associated with SLE. In our study, HLA-DRB1*03
and HLA-DRB1*15 tended to be increased in patients with
SLE, but this did not reach statistical significance. The small
size of the group of SLE patients might explain this result.
The role of HLA-DR in human SLE remains unclear, but
there is evidence that they participate in the presentation of
nuclear antigens. The role of HLA-DM in facilitating anti-
genic peptide binding to class II molecules suggests that

HLA-DM gene polymorphism may represent a new genetic
risk factor for SLE. We have shown that specific DMA and
DMB alleles are associated with SLE susceptibility. The
phenotypic frequency of HLA-DMA*0103, DMA*0104,
and DMB*0102 is significantly higher in patients with SLE
than in randomly selected healthy controls. The same alleles
and HLA-DMB*0104 as well were found in higher
frequency in SLE patients carrying the SLE-susceptibility
HLA-DRB1*15 and DRB1*03 alleles than in HLA-
matched controls. The difference was not statistically signif-
icant, which could be explained by the small size of our
subgroups and the low frequency of these alleles. These
results indicated a possible influence of a linkage disequi-
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Table 4. Correlations of HLA-DMAand DMB alleles with clinical manifestations in patients with SLE. There is
a negative correlation between DMA-01014 and DMB-103, but the difference was not significant after correc-
tion with Bonferroni’s method.

DMA(n - 73) DMB (n = 72)
*101, *102, *103, *104, *101, *102, *103, *104,
n = 70 n = 10 n = 11 n = 11 n = 64 n = 14 n = 20 n = 5

Skin disease 39 5 5 3* 34 7 15† 2
Malar rash 28 4 3 3 25 4 11 1
Photosensitivity 21 2 4 2 19 4 5 1
Oronasopharyngeal 

ulcer 6 1 0 0 4 1 3 0
Alopecia 12 1 3 1 11 1 3 1
Raynaud’s phenomenon 24 3 3 4 22 6 9 3
Polyarthritis 64 9 10 11 57 14 19 4
Serositis 17 2 1 1 15 3 4 1
Central nervous system 

involvement 7 1 0 0 4 2 3 0
Nephritis 16 1 2 3 15 3 5 0
Hematological disorder 44 8 5 7 40 9 14 2

* p = 0.0556 and pcorr = 0.22. † p = 0.0359 and p corr = 0.14.

Table 5. Correlations of HLA-DMA and DMB alleles with biological manifestations in patients with SLE.
Phenotype frequencies in parentheses. There is a positive correlation between HLA-DMA*0101 and SLE
patients with positive aPL. However, the difference was not significant after correction of the p value.

Antibody
Total, aPL, anti-DNA, anti-SSA, anti-SSB, anti-RNP, anti-SM,

n = 73 (%) n = 40 (%) n = 64 (%) n = 23 (%) n = 9 (%) n = 12 (%) n = 7 (%)

DMA
*0101 70 (96) 37 (92) 63 (98)* 22 (96) 9 (100) 12 (100) 7 (100)
*0102 10 (14) 5 (12) 9 (14) 1 (4) 1 (11) 1 (8) 1 (14)
*0103 11 (15) 9 (22)˚ 8 (12) 3 (13) 0 1 (8) 1 (14)
*0104 11 (15) 8 (20) 9 (14) 4 (17) 0 1 (8) 1 (14)

DMB
*0101 64 (89) 37 (92) 56 (88) 20 (87) 8 (44) 11 (92) 7 (50)
*0102 14 (19) 9 (22) 13 (20) 5 (22) 1 (6) 3 (25) 1 (7)
*0103 20 (28) 10 (25) 19 (30) 10 (43) 5 (28) 3 (25) 1 (7)
*0104 5 (7) 3 (7) 5 (8) 1 (4) 0 1 (8) 2 (14)

* p = 0.0384, p corr = 0.15. aPL: antiphospholipid antibody.
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librium between alleles at the DM locus and SLE-associated
DRB1 alleles. However, the equivalent distribution of HLA-
DRB*03 and DRB1*15 alleles in patients with SLE and
controls suggests that the influence of the DMA and DMB
alleles cannot be explained by a linkage disequilibrium.
Moreover, the comparison of SLE patients with HLA-DR-
matched controls shows that HLA-DMA*0104 contributes
independently of HLA-DRB1*03 and DRB1*15 alleles to
the genetic risk of SLE in patients with DRX/DRX. For
HLA-DMA*0103 and DMB*0102 alleles, the risk can only
be observed when subjects are selected randomly, which
suggests a minor effect of these 2 alleles on genetic suscep-
tibility to SLE. Nevertheless, it is interesting that we and
others have found that the HLA-DMA*0103 was also
increased in patients with RA, which is also an autoimmune
disease11,12. Therefore, HLA-DMA*0103 may contribute to
the pathogenesis of autoimmune diseases. The role of HLA-
DMA*0104 in susceptibility to SLE seems to be more
important, since this allele was significantly more frequent
in the overall study population and in the DRX/DRX
patients as well. That HLA-DMA*0104 was also found in
SLE patients positive for HLA-DRB1*03 and DRB1*15
and not in HLA-matched controls indicates that people who
have either of them may have a higher risk for SLE. Further
investigation, including family studies or large scale popu-
lation studies, will be useful to test this hypothesis. Yen, et
a l observed that the phenotypic frequency of HLA-
DMA*0104 phenotype was also higher in patients with SLE
in Taiwan, and found no linkage disequilibrium between
HLA-DMA*0104 and DR genes13. The association of HLA-
DMA*0104 with SLE in 2 different ethnic groups strongly
suggests that this allele plays an important role in predispo-
sition to the disease.

Takeuchi, et al found no association between different
HLA-DM alleles and SLE. However, oligotyping of HLA-
DMA*0104 was not performed in that study22. This allele is
not very frequent in the Japanese population. Kuwata, et al
found no HLA-DMA*0104, DMA*0103, or DMB*0104
allele in 104 Japanese subjects23.

The functional consequences of the polymorphism of
HLA-DM genes remain unclear. This polymorphism does
not involve the peptide-binding pocket of HLA-DM, but
could influence the interaction with DR molecules that leads
to binding of antigenic peptides to the DR heterodimers.
Thus HLA-DMA*0104 might influence the peptide reper-
toire presented by the HLA-DR molecules, selecting
endogenous self-peptides.

We therefore investigated if there was a relationship
between HLA-DM genes and the clinical and biological
manifestations of SLE. Like Takeuchi, et al22 and Yen, et
al13, we did not observe any association suggesting that
HLA-DMA and DMB are not implicated in the clinical
manifestation of SLE or in the production of autoantibodies
observed in this disease. It might be more interesting to

evaluate the influence of HLA-DM genes on the outcome of
SLE. Like HLA-DR and DM genes in RA, HLA-DM may
represent a risk factor for severity in SLE24.

We observed that HLA-DM alleles and especially
DMA*0104 alleles play a role in genetic susceptibility to
SLE in Caucasian patients. The involvement of HLA-DM
genes in different autoimmune diseases such as rheumatoid
arthritis and SLE strongly suggests the implication of HLA-
DM molecules in the pathogenesis of these diseases. It is
speculated that they participate in the selection of autopep-
tides that induce autoimmune responses.
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