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ABSTRACT
Objective  SLE is a heterogeneous autoimmune disease, in 
terms of clinical presentation, incidence and severity across 
diverse ethnic populations. We investigated the human 
leucocyte antigens (HLA) profile (ie, HLA-A, HLA-B and 
HLA-C, HLA-DRB1, HLA-DQA1, HLA-DQB1, HLA-DPA1 and 
HLA-DPB1) in Malaysian Malay female patients with SLE 
and determined the generalisability of the published HLA risk 
factors across different ethnic populations globally including 
Malaysia.
Methods  One hundred Malay female patients with SLE were 
recruited between January 2016 and October 2017 from 
a nephrology clinic. All patients were genotyped for HLA-A, 
HLA-B, HLA-C, HLA-DRB1, HLA-DQA1, HLA-DQB1, HLA-
DPA1 and HLA-DPB1 alleles using PCR sequence-specific 
oligonucleotides method on Luminex platform. A total of 951 
HLA genotyped population-based Malay control subjects was 
used for association testing by means of OR with 95% CIs.
Results  Our findings convincingly validated common 
associations between HLA−A*11 (OR=1.65, p=3.36×10−3, 
corrected P (Pc)=4.03×10−2) and DQB1*05:01 (OR=1.56, 
p=2.02×10−2, Pc=non−significant) and SLE susceptibility 
in the Malay population. In contrast, DQB1*03:01 (OR=0.51, 
p=4.06×10−4, Pc=6.50×10−3) were associated with 
decreased risk of SLE in Malay population. Additionally, 
we also detected novel associations of susceptibility HLA 
genes (ie, HLA-B*38:02, DPA1*02:02, DPB1*14:01) and 
protective HLA genes (ie, DPA1*01:03). When comparing 
the current data with data from previously published studies 
from Caucasian, African and Asian populations, DRB1*15 
alleles, DQB1*03:01 and DQA1*01:02 were corroborated as 
universal susceptibility and protective genes.
Conclusions  This study reveals multiple HLA alleles 
associated with susceptibility and protection against risk 
of developing SLE in Malay female population with renal 
disorders. In addition, the published data from different 
ethnic populations together with our study further support 
the notion that the genetic effects from association with 
DRB1*15:01/02, DQB1*03:01 and DQA1*01:02 alleles are 
generalised to multiple ethnic populations of Caucasian, 
African and Asian descents.

INTRODUCTION
SLE is a complex, multisystem autoimmune 
disease characterised by a wide spectrum of 

clinical manifestations, and excessive immu-
nological and laboratories abnormalities (ie, 
autoantibody production, complement acti-
vation and immune-complex deposition). 
SLE can lead to multiple organ damage, 
and is primarily affecting women with peak 
incidence occurs during childbearing age 
years.1 2 Despite advances in treatment, 
mortality among patients with SLE remains 
high with geographical variations.3

The prevalence of SLE ranges from 6.5 
to 178.0 per 100 000 person-years across 
different populations worldwide.4 Malaysia 
is a multiracial country with Malays as the 
largest ethnic group, followed by Chinese and 

Key messages

What is already known about this subject?
	► Common SLE-related human leucocyte antigen 
(HLA) risk factors were highlighted in multiple ethnic 
populations.

	► Nevertheless, studies have also shown population-
specific signals with the SLE-related HLA variants.

What does this study add?
	► We validated the common and identified the novel 
SLE-associated HLA risk factors in Malay female pa-
tients with SLE.

	► Analysis of current data and published data further 
support the notion that several HLA class II alleles 
(ie, DRB1*15, DQB1*03 and DQA1*01:02 alleles) are 
universally associated with risk of developing SLE in 
different ethnic populations and that these genetic 
effects are generalised to multiple ethnic popula-
tions of Caucasian, African and Asian descents.

How might this impact on clinical practice or future 
developments?

	► Further genetic and pharmacogenetics research in 
SLE development is crucial for understanding the 
pathogenetic mechanism involved, which may pave 
a path for developing new and personalised thera-
peutic drugs for SLE.
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Indians. The SLE prevalence in Malaysia has been docu-
mented as 43 per 100 000 person-years with Malays having 
the second highest prevalence of SLE (ie, 33 per 100 000) 
after Chinese (ie, 57 per 100 000).5

Complete understanding of the pathophysiology of SLE 
remains elusive, but both genetics and environmental 
exposures are known to play a crucial role.6 A recent study 
demonstrated that the SLE heritability was estimated to 
be 44%, with approximately 26% of phenotypic variance 
attributed to shared environmental factors.6 Nevertheless, 
the growing genetic heterogeneity in the pathogenesis of 
SLE makes it crucial for more investigation on patients 
with SLE of different sexes and varied ethnic populations 
around different parts of world. The knowledge gained 
will enable better understanding on the disease patho-
genesis that could benefit pharmacogenetics and thera-
peutic strategies in SLE management.

Various genome-wide association studies have demon-
strated the genetic and immunological differences 
attributed to SLE development. The human leucocyte 
antigen (HLA) class II, that is, DRB1 genes have been 
established as one of the prominent and strongest suscep-
tibility genes for SLE development worldwide.7 8

Findings from several studies have demonstrated that 
HLA-DRB1*03:01 and HLA-DRB1*15:01 alleles were 
robustly associated with increased risk of developing SLE 
in the Caucasian, African and East Asian populations.9–16 
In contrast, HLA-DQB1*03:01 allele was associated with 
decreased risk of developing SLE in the Caucasian, East 
Asian and Southeast Asian populations.9 17 18

In Malaysia, very few studies have investigated the HLA 
associations and risk of developing SLE with a limited 
number of HLA loci, for example, mainly on HLA class 
II genes.19–21 Although these studies focused on investiga-
tion of HLA associations in the major ethnic group from 
Malaysia, namely the Malays, no consistent trend of asso-
ciations was observed between different HLA alleles and 
SLE risk. Furthermore, none of the identified HLA risk 
factors were overlapped among these three studies. The 
plausible explanations could be due to the limitations 
with different genotyping platforms used, relatively small 
sample size as well as the underlying clinical phenotypic 
heterogeneity of SLE. Our research group has recently 
reported the association between HLA-DRB1 alleles 
and risk of developing SLE in the Malay population.22 
We demonstrated that HLA-DRB1*04:01, DRB1*04:05, 
DRB1*15:02 and DRB1*16:02 alleles were susceptible to 
increased risk of SLE, while DRB1*12:01 and DRB1*12:02 
alleles were associated with decreased risk for SLE devel-
opment in this study. Thus, we aimed to overcome some 
of the previous studies limitations by profiling a broader 
array of HLA polymorphisms to include the classical 
HLA class I loci (ie, HLA-A, HLA-B and HLA-C) and 
extended HLA class II loci (ie, HLA-DRB1, HLA-DQA1, 
HLA-DQB1, HLA-DPA1 and HLA-DPB1) in a larger, 
well-characterised Malaysian Malay female patients with 
SLE with renal manifestations. We compared the HLA 
allelic frequency distributions and associations for risk of 

developing SLE using the HLA genotypes data obtained 
from the largest population-based normal controls with 
matched Malay ethnicity.23 We also compared our data 
with the published significant studies to address the 
question how much of the identified HLA risk factors 
in multiple ethnic populations can be translated across 
the Malaysian Malay population and finally elucidate the 
generalisability of HLA risk factors in SLE populations of 
Caucasian, African and Asian descents.

METHODS
Study population
This is a single-centre study comprising 100 Malaysian 
Malay female patients with SLE. The patients with SLE 
were aged between 16 and 53 years and were recruited 
from the Nephrology Clinic, Hospital Serdang Malaysia 
between January 2016 and October 2017. The study 
design and demographic characteristics for the patients 
with SLE have been described elsewhere.22 Briefly, all the 
SLE cases were diagnosed according to the 1997 Amer-
ican College of Rheumatology (ACR) criteria.24

Genomic DNA extraction
Ten millilitres of peripheral blood samples were collected 
from all recruited participants in EDTA tubes. The 
genomic DNA was extracted from the whole blood 
samples using the QIAamp DNA Blood Mini Extraction 
Kit (Qiagen, Hilden, Germany, cat no: 51104) according 
to the manufacturer’s instructions. DNA purity and 
concentration were estimated using the Nanodrop 1000 
spectrophotometer (Thermo Scientific, USA). All DNA 
samples were stored at −20°C until further use.

Classical HLA class I and class II genotyping
All patients with SLE were genotyped for classical HLA 
class I (ie, HLA-A, HLA-B and HLA-C) and HLA class II 
alleles (ie, HLA-DRB1, HLA-DQA1, HLA-DQB1, HLA-
DPA1 and HLA-DPB1) using PCR sequence-specific 
oligonucleotides (PCR-SSO) probe hybridisation method 
(LIFECODES HLA SSO Typing Kit, Gene Probe, USA) 
with Luminex Multi-Analyte Profiling System (xMAP, 
Luminex, Texas, USA), according to manufacturer’s 
instructions. The assignment of the specific HLA alleles 
was accomplished using the Quick Type for Life Match 
2.6.1 software for Gen-Probe analysis.

Statistical analysis
The HLA allele frequencies for Malay patients with SLE 
and ethnically matched normal controls were obtained 
by direct counting. An individual was considered homozy-
gous if only one allele was detected in the genotyping 
assay, and the allele frequency was counted twice.

The complete HLA genotypes dataset for a total of 
951 Peninsular Malaysian Malay normal individuals, 
comprising five loci of classical HLA alleles namely 
HLA-A, HLA-B, HLA-C, HLA-DRB1 and HLA-DQB1 
were obtained from the multicenter Malaysian Epidemi-
ological Investigation of Rheumatoid Arthritis (MyEIRA) 
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population-based case-control study.23 The details of this 
study population have been described elsewhere.23 25 The 
frequencies and ORs with 95% CIs of the HLA alleles were 
compared between the patients with SLE and normal 
control subjects using the χ2 or Fisher’s exact test, where 
appropriate. Adjustment for multiple comparisons were 
performed using the Bonferroni correction method. The 
corrected P (Pc) values were calculated by multiplying 
the observed p values by the number of alleles tested: 
for 2-digit HLA alleles, 12 for HLA-A, 21 for HLA-B, 10 
for HLA-C, 13 for HLA-DRB1, 6 for HLA-DQA1, 5 for 
HLA-DQB1, 3 for HLA-DPA1 and 13 for HLA-DPB1. 
The number of alleles tested for 4-digit HLA was 22 for 
HLA-A, 46 for HLA-B, 21 for HLA-C, 26 for HLA-DRB1, 
11 for HLA-DQA1, 16 for HLA-DQB1, 5 for HLA-DPA1 
and 15 for HLA-DPB1. A probability of 0.05 (two-tailed) 
was used as a significance threshold.

For the normal controls dataset, we did not perform 
the experimental classical HLA-DQA1, HLA-DPA1 and 
HLA-DPB1 genotyping. Nevertheless, the MyEIRA study 
subjects were genotyped using the Illumina iSelect HD 
custom genotyping array designed by the Immunochip 
Consortium (Immunochip Illumina, San Diego, Cali-
fornia, USA). The details of the classical HLA imputation 
for the dataset were previously described.26 Briefly, a total 
of 6125 single nucleotide polymorphisms (SNPs) between 
position 29 and 34 Mb in the HLA region on chromo-
some 6 (GRCh37) were extracted from the postquality 
control Immunochip dataset. We imputed the classical 
two-digit and four-digit HLA alleles by using the extracted 
SNP genotypes from the HLA region, along with SNPs 
from the Pan Asian reference panel.27 In this Malay 
normal control dataset, we imputed 6 two-digit HLA-
DQA1, 3 HLA-DPA1 and 14 HLA-DPB1 alleles. For the 
four-digit HLA imputation, we obtained 8 HLA-DQA1, 4 
HLA-DPA1 and 17 HLA-DPB1 alleles. We performed the 
association analysis by comparing the allelic frequencies 
between experimental genotyped patients with SLE and 
imputed-genotyped normal controls for HLA-DQA1, 
HLA-DPA1 and HLA-DPB1 alleles.

The two HLA loci (ie, HLA-DRB1~DQB1), three HLA 
loci (ie, HLA-A~DRB1~DQB1) and five HLA loci (ie, 
HLA-A~B~C~DRB1~DQB1) haplotype frequencies were 
estimated using Expectation Maximisation (EM) algo-
rithm included in the ARLEQUIN software (Arlequin 
V.3.5.2.2 software).28 We compared the obtained haplo-
type frequencies and performed the association analysis 
between the patients with SLE and the ethnically matched 
normal controls for risk of developing SLE. Standard soft-
ware (SPSS V.17.0 for Windows, SPSS, Chicago, Illinois, 
USA) was used for statistical analyses.

Comparative analysis with published data
To determine the generalisability or universal HLA risk 
factors for SLE development across different ethnic 
populations worldwide, we compared the current find-
ings with the published significant SLE-associated HLA 
alleles from different populations/ethnic groups (ie, 

Caucasians,9–12 29–35 African13 36 37 and Asians14–18 20 21 38–43). 
We restricted our selection of published SLE-associated 
HLA risk factors which were genotyped by molecular 
methods.

Patient and public involvement
There is no involvement of patient and public in the 
(i) setting/shaping of research questions, (ii) planning 
research, (iii) conducting research, (iv) interpreting find-
ings and (v) sharing and/or using the research knowl-
edge in this study.

RESULTS
Characteristics and clinical manifestations among the 
patients with SLE
All the recruited patients with SLE were female with mean 
age of SLE onset (years±SEM) of 30.87±0.78 years. The 
mean disease duration was 82 months. The main clinical 
manifestations based on the 1997 ACR classification for 
SLE, are shown in figure 1. All the patients with SLE have 
mild to severe renal disorders (ie, presence of protein-
uria  >0.5 g/day; or active urinary sediments with casts 
and/or >5 red cells per high-power field and/or biopsy-
proven lupus nephritis). Other common clinical manifes-
tations observed in this study was malar rash (89%) and 
photosensitivity (89%). ANA and double-stranded DNA 
antibodies were detected in 83.8% and 56.6% among the 
studied patients with SLE.

HLA-A, HLA-B and HLA-C alleles and the risk of developing 
SLE
A total of 12 HLA-A, 21 HLA-B and 10 HLA-C 2-digit 
allelic groups were detected in the patients with SLE 
(online supplemental table S1). The number of detected 
4-digit classical HLA subtype alleles increased two times 
for the studied HLA loci, for example, 22 HLA-A, 46 
HLA-B and 21 HLA-C alleles (online supplemental table 

Figure 1  The percentage of various clinical manifestations 
and/or complications among the Malay female patients with 
SLE (n=100). *All the patients with SLE have mild to severe 
renal disorders (ie, presence of proteinuria >0.5 g/day; or 
active urinary sediments with casts and/or >5 red cells per 
high-power field and/or biopsy-proven lupus nephritis).

https://dx.doi.org/10.1136/lupus-2021-000554
https://dx.doi.org/10.1136/lupus-2021-000554
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S2). Our data demonstrated that HLA-A*11 allelic group 
was associated with increased risk for developing SLE in 
the Malay female population (OR=1.65, 95% CI=1.18 
to 2.31). Notably, we observed significant novel associa-
tion between HLA-B*38 and risk of SLE (OR=2.51, 95% 
CI=1.47 to 4.31) (table 1). No significant association was 
observed between HLA-C allelic groups and risk of SLE in 
the Malay population (data not shown).

Analysis by four-digit classical HLA class I allele 
subtypes further revealed that HLA-A*11:01 and HLA-
B*38:02 subtype alleles were significantly associated with 
increased risk of SLE in the Malay population (OR=1.53; 
95% CI=1.08 to 2.16) and (OR=2.51, 95% CI=1.47 to 
4.31) (table  1). Considering sex differences may be a 
concern for risk association analysis, we further stratified 
the normal individuals by sex and conducted the anal-
ysis using the female-only controls (n=814). Our data 
revealed concordance findings between overall normal 
controls versus the female-only controls (online supple-
mental tables S1 and S2).

HLA-DQA1, HLA-DQB1, HLA-DPA1 and HLA-DPB1 alleles and 
the risk of developing SLE
In this study, we identified 6 HLA-DQA1, 5 HLA-DQB1, 
3 HLA-DPA1 and 13 HLA-DPB1 2-digit allelic groups in 
the dataset of patients with SLE. Similar to that of identi-
fied HLA class I subtype alleles, the number of identified 
4-digit HLA class II alleles in the patients with SLE were 
11, 16, 5 and 15 for HLA-DQA1, HLA-DQB1, HLA-DPA1 
and HLA-DPB1 alleles, respectively (online supplemental 
tables S1 and S2). In addition to the previously reported 
HLA-DRB1 alleles associated with risk of SLE,22 our data 
showed that HLA-DQB1*05 (OR=1.84, 95% CI=1.37 to 
2.48) were significantly associated with increased risk for 
developing SLE among the Malay female population. In 
contrast, we observed significant decreased risk between 
patients with SLE HLA-DQB1*03 allele (OR=0.50, 95% 
CI=0.36 to 0.71) when compared with the ethnically 
matched normal controls (table 2).

Next, we compared the extended classical HLA class II 
alleles, that is, HLA-DQA1, HLA-DPA1 and HLA-DPB1 
alleles between patients with SLE and normal controls, 
our data demonstrated several susceptibility alleles 
associated with risk of SLE development, for example, 
HLA-DQA1*01 (OR=2.01), HLA-DPA1*02 (OR=1.88), 
HLA-DPB1*05 (OR=1.66) and HLA-DPB1*14 (OR=2.91) 
(table 2). Our findings also revealed that HLA-DQA1*06 
(OR=0.33), HLA-DPA1*01 (OR=0.55) and HLA-DPB1*04 
(OR=0.43) were associated with decreased risk of devel-
oping SLE. All the observed two-digit HLA associations 
were further confirmed with four-digit resolution alleles 
of the studied loci (table 2). It is noteworthy that majority 
of the observed associations remained statistically signif-
icant after Bonferroni correction for multiple compari-
sons (table 2).

Taking into consideration that genetic variations were 
detected in the normal controls used for HLA association 
analysis in this study, as measured by the Hardy-Weinberg 
equilibrium,23 we further confirmed our findings using 
two published Malay control groups with available HLA 
genotypes.44 45 The observed trend of associations and 
risk effects for the HLA class I and class II alleles were 
corroborated with our initial findings, although some of 
these associations were statistically non-significant (online 
supplemental table S3).

Associations between HLA haplotypes and risk of developing 
SLE
We constructed two-loci (ie, HLA-DRB1~DQB1), three-
loci (ie, HLA-A~DRB1~DQB1) and five loci (ie, HLA-
A~B~C~DRB1~DQB1) haplotype association analysis 
between the patients with SLE and normal controls. We 
identified 79, 139 and 177 haplotypes for two-loci, three-
loci and five-loci HLA alleles in the SLE patients’ group. 
In two-loci haplotype analysis, we observed that 10 haplo-
types were significantly associated with risk of developing 
SLE in the Malay population with OR ranging from 3.07 
to 50.0. On the other hand, only one two-locus haplotype, 

Table 1  OR and 95% CI of the HLA-A and HLA-B alleles significantly associated with risk of developing SLE in Malaysian 
female population

HLA gene HLA allele

Patients with 
SLE (2n=200)

Normal controls 
(2n=1902)

OR 95% CI P value Pc valueAC (AF) AC (AF)

Classical two-digit HLA allele

 � HLA-A HLA-A*11 52 (0.260) 334 (0.176) 1.65 1.18 to 2.31 3.36×10−3 4.03×10–2

 � HLA-B HLA-B*38 18 (0.090) 72 (0.038) 2.51 1.47 to 4.31 7.94×10–4 1.67×10–2

Classical four-digit HLA allele

 � HLA-A HLA-A*11:01 48 (0.240) 326 (0.171) 1.53 1.08 to 2.16 2.59×10–2 ns

 � HLA-A HLA-A*33:01 29 (0.145) 160 (0.084) 1.85 1.21 to 2.83 4.19×10–3 ns

 � HLA-A HLA-A*33:03 1 (0.005) 79 (0.042) 0.12 0.02 to 0.84 1.02×10–2 ns

 � HLA-B HLA-B*38:02 18 (0.090) 72 (0.038) 2.51 1.47 to 4.31 5.29×10–4 ns

AC, allele count; AF, allele frequency; HLA, human leucocyte antigen; 2n, allelic count; ns, non-significant; Pc, corrected p value.

https://dx.doi.org/10.1136/lupus-2021-000554
https://dx.doi.org/10.1136/lupus-2021-000554
https://dx.doi.org/10.1136/lupus-2021-000554
https://dx.doi.org/10.1136/lupus-2021-000554
https://dx.doi.org/10.1136/lupus-2021-000554
https://dx.doi.org/10.1136/lupus-2021-000554
https://dx.doi.org/10.1136/lupus-2021-000554
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that is, DRB1*12:02~DQB1*03:01, was negatively associ-
ated with risk of SLE (OR=0.13) (table 3). Further analysis 
with three-locus haplotype revealed that only four haplo-
types were positively associated with risk of developing 
SLE with ORs between 2.77 and 29.38 (table 3). Only 3 
out of 177 five-locus haplotypes (1.7%) were found to be 
associated with susceptibility to SLE development in the 
Malaysian female patients with SLE (table 3).

DRB1 and DQB1 alleles are in linkage disequilib-
rium. In order to elucidate which DRB1 and DQB1 
alleles were responsible for the observed risk associa-
tions, conditional logistic regression analysis between 
them in SLE was performed (table  4). The protective 
association of DRB1*12:01 allele remained signifi-
cant, when conditioned on DRB1*04:05, DRB1*12:02, 
DRB1*15:02, DQB1*03:01, DQB1*05:01 or DQB1*05:02. 
The significant susceptibility association of DQB1*05:02 
allele was observed, when conditioned on DRB1*04:05, 

DRB1*12:01, DRB1*12:02, DRB1*15:02, DQB1*03:01 
or DQB1*05:01. Thus, significant association for 
DRB1*12:01 and DQB1*05:02 were observed, when 
conditioned on the associated DRB1 and DQB1 alleles, 
indicating an independent role for these alleles in SLE.

Comparative analysis for the SLE-associated HLA alleles and 
risk of SLE across different populations
We compared the published SLE-associated HLA suscep-
tibility and protective alleles across different popula-
tions/ethnic groups to address the question as to how 
far the identified SLE risk factors in Caucasians, Afri-
cans and Asians can be translated across different ethnic 
populations including the Malaysian Malays. The data 
are presented in table 5. The HLA-DRB1*03 and HLA-
DRB1*15 alleles were the most common HLA suscepti-
bility alleles significantly associated with increased risk of 
SLE in both Caucasian and Asian populations. However, 

Table 2  ORs and 95% CIs of the HLA-DQA1, HLA-DPA1 and HLA-DPB1 alleles significantly associated with risk of 
developing SLE in Malaysian female population

HLA gene HLA allele

Patients with 
SLE (2n=200)

Normal 
controls 
(2n=1902)

OR 95% CI P value Pc valueAC (AF) AC (AF)

Classical two-digit HLA allele

HLA-DQA1 HLA-DQA1*01 124 (0.620) 827 (0.448) 2.01 1.49 to 2.71 3.85×10–6 2.31×10–5

HLA-DQA1*06 22 (0.110) 504 (0.273) 0.33 0.21 to 0.52 5.22×10–7 3.13×10–6

HLA-DQB1 HLA-DQB1*03 46 (0.230) 707 (0.372) 0.51 0.35 to 0.74 7.00×10–5 3.50×10–4

HLA-DQB1*05 92 (0.460) 601 (0.316) 1.84 1.37 to 2.48 3.78×10–5 1.89×10–4

HLA-DPA1 HLA-DPA1*01 57 (0.285) 774 (0.420) 0.55 0.40 to 0.76 2.29×10–4 6.87×10–4

HLA-DPA1*02 128 (0.640) 897 (0.486) 1.88 1.39 to 2.54 3.70×10–5 1.11×10–4

HLA-DPB1 HLA-DPB1*04 24 (0.120) 442 (0.240) 0.43 0.28 to 0.67 1.27×10–4 1.65×10–3

HLA-DPB1*05 53 (0.265) 329 (0.178) 1.66 1.19 to 2.32 2.85×10–3 3.71×10–2

HLA-DPB1*14 13 (0.065) 43 (0.023) 2.91 1.54 to 5.51 6.05×10–4 7.87×10–3

Classical four-digit HLA allele

HLA-DQA1 HLA-DQA1*01:02 66 (0.330) 387 (0.210) 1.85 1.35 to 2.54 1.03×10–4 1.13×10–3

HLA-DQA1*03:01 3 (0.015) 184 (0.099) 0.14 0.04 to 0.43 7.83×10–5 8.61×10–4

HLA-DQA1*06:01 22 (0.110) 504 (0.273) 0.33 0.21 to 0.52 5.22×10–7 5.74×10–6

HLA-DQB1 HLA-DQB1*03:01 35 (0.175) 562 (0.296) 0.50 0.36 to 0.71 4.06×10–4 6.50×10–3

HLA-DQB1*05:01 38 (0.190) 248 (0.130) 1.56 1.07 to 2.28 2.02×10–2 ns

HLA-DQB1*05:02 50 (0.25) 270 (0.142) 2.02 1.42 to 2.85 5.21×10–5 8.34×10–4

HLA-DPA1 HLA-DPA1*01:03 56 (0.280) 774 (0.419) 0.54 0.39 to 0.74 1.32×10–4 6.61×10–4

HLA-DPA1*02:02 88 (0.440) 570 (0.309) 1.76 1.31 to 2.36 1.68×10–4 8.40×10–4

HLA-DPB1 HLA-DPB1*01:01 19 (0.050) 47 (0.025) 2.01 1.00 to 4.05 4.55×10–2 ns

HLA-DPB1*02:02 16 (0.080) 74 (0.040) 2.08 1.87 to 3.65 9.07×10–3 ns

HLA-DPB1*04:01 21 (0.105) 343 (0.186) 0.51 0.32 to 0.82 4.45×10–3 ns

HLA-DPB1*04:02 3 (0.015) 99 (0.054) 0.27 0.08 to 0.85 1.70×10–2 ns

HLA-DPB1*05:01 53 (0.265) 329 (0.178) 1.66 1.19 to 2.32 2.85×10–3 ns

HLA-DPB1*14:01 13 (0.065) 43 (0.023) 2.91 1.54 to 5.51 6.05×10–4 1.09×10–2

AC, allele count; AF, allele frequency; HLA, human leucocyte antigen; 2n, allelic count; ns, non-significant; Pc, corrected p value.
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only the HLA-DRB1*15 association was validated in our 
study while the HLA-DRB1*03 alleles frequency was 
comparable between Malay patients with SLE (7%) and 
the ethnically matched controls (5%). Interestingly, 
DRB1*15 risk alleles seemed to be shared, but the risk 
signal observed appeared to be population specific, that 
is, HLA-DRB1*15:01 in Caucasians, Saudis, Japanese, 
Koreans and Taiwanese and HLA-DRB1*15:02 in South-
east Asians, that is, Thais and Malaysian populations. On 
the other hand, HLA-DQB1*03:01 allele was convincingly 
validated as protective allele in our study and across the 
studied populations included in this study. Interestingly, 
we observed several HLA alleles, for example, HLA-
B*38:02, and DRB1*16:02 as susceptibility genes, which 
were not reported in any of the published data from these 
studied populations (table 5).

DISCUSSION
This study is the first comprehensive classical HLA geno-
typing analysis to identify susceptibility and protective 
variants in Malaysian female patients with SLE for the 
extensive association signals previously observed across 
the HLA region globally. In this study, our data revealed 
that multiple HLA alleles were associated with SLE 

susceptibility and protection in the Malaysian female 
population. Notably, we observed strong significant asso-
ciation between the HLA-B*38:02 (OR=2.51) allele and 
SLE in Malay population as novel result. In addition, our 
observations on positive associations were extended to 
several HLA class II alleles, for example, DQA1*01:02, 
DPA1*02:02 and negative associations to the DQA1*03:01 
and DPA1*01:03 alleles in the Malay SLE population. 
When comparing the current findings with the previously 
published HLA association data from Caucasian, African, 
Asian and Southeast Asian populations, DRB1*15 and 
DQB1*03 alleles were corroborated as universal suscepti-
bility and protective genes in different ethnic populations 
worldwide.

In our HLA class I genotyping analysis, we confirmed 
the previous association of A*11 in the Malay patients 
with SLE,21 and further demonstrated the risk variant 
signal as A*11:01 allele. Noticeably, we identified that 
the B*38:02 allele was significantly associated with risk of 
SLE (OR=2.51), which has not been reported in previous 
studies. In Caucasians, several reports have consistently 
demonstrated that the HLA-B*08/*08:01 was signifi-
cantly increased in patients with SLE.31 32 35 It is note-
worthy that HLA-B*08 is one of the alleles residing within 

Table 3  ORs and 95% CIs of the HLA two-loci, three-loci and five-loci haplotypes significantly associated with risk of 
developing SLE in Malaysian female population

HLA haplotype

Patients with 
SLE
(2n=200), HF

Normal controls
(2n=1902), HF OR 95% CI

HLA-DRB1~DQB1

 � DRB1*15:02~DQB1*03:01 10 (0.050) 2 (0.001) 50.00 10.88 to 229.88

 � DRB1*04:05~DQB1*03:01 7 (0.033) 4 (0.002) 17.21 4.99 to 59.32

 � DRB1*12:02~DQB1*05:02 6 (0.031) 19 (0.010) 3.07 1.21 to 7.77

 � DRB1*12:02~DQB1*03:01 4 (0.021) 267 (0.140) 0.13 0.05 to 0.34

 � DRB1*15:01~DQB1*03:01 4 (0.020) 5 (0.003) 7.74 2.06 to 29.07

 � DRB1*04:05~DQB1*05:02 3 (0.015) 1 (0.001) 28.95 3.00 to 279.64

 � DRB1*12:02~DQB1*05:01 3 (0.015) 2 (0.001) 14.47 2.40 to 87.10

 � DRB1*04:05~DQB1*02:02 3 (0.015) 2 (0.001) 14.47 2.40 to 87.10

 � DRB1*07:01~DQB1*05:02 3 (0.015) 2 (0.001) 14.47 2.40 to 87.10

 � DRB1*15:02~DQB1*02:01 2 (0.100) 1 (0.001) 19.20 1.73 to 212.72

 � DRB1*16:02~DQB1*03:01 2 (0.009) 2 (0.001) 9.60 1.34 to 68.50

HLA-A~DRB1~DQB1

 � A*11:01~DRB1*15:02~DQB1*05:01 10 (0.05) 31 (0.02) 3.18 1.53 to 6.58

 � A*24:02~DRB1*15:02~DQB1*03:01 6 (0.03) 2 (0.001) 29.38 5.89 to 146.57

 � A*34:01~DRB1*15:02~DQB1*05:02 6 (0.03) 21 (0.01) 2.77 1.10 to 6.95

 � A*11:01~DRB1*15:02~DQB1*05:02 6 (0.03) 16 (0.009) 3.65 1.41 to 9.43

HLA-A~B~C~DRB1~DQB1

 � A*33:01~B*44:03~C*07:01~DRB1*07:01~DQB1*02:02 6 (0.030) 21 (0.011) 2.77 1.10 to 6.95

 � A*11:01~B*35:05~C*04:01~DRB1*15:02~DQB1*05:01 4 (0.020) 1 (0.0005) 38.8 4.31 to 348.83

 � A*33:01~B*58:01~C*03:02~DRB1*03:01~DQB1*02:01 4 (0.020) 7 (0.004) 5.52 1.60 to 19.04

HF, haplotype frequency; HLA, human leucocyte antigen; 2n, haplotype count.



Selvaraja M, et al. Lupus Science & Medicine 2022;9:e000554. doi:10.1136/lupus-2021-000554 7

Genetics

Ta
b

le
 4

 
C

on
d

iti
on

al
 lo

gi
st

ic
 r

eg
re

ss
io

n 
an

al
ys

is
 b

et
w

ee
n 

th
e 

se
ve

n 
id

en
tifi

ed
 s

us
ce

p
tib

le
 a

nd
 p

ro
te

ct
iv

e 
H

LA
-D

R
B

1 
an

d
 H

LA
-D

Q
B

1 
al

le
le

s 
in

 p
at

ie
nt

s 
w

ith
 S

LE

H
LA

 a
lle

le

U
nc

o
nd

it
io

ne
d

C
o

nd
it

io
ne

d
 o

n
H

LA
-D

R
B

1*
04

:0
5

C
o

nd
it

io
ne

d
 o

n
H

LA
-D

R
B

1*
12

:0
1

C
o

nd
it

io
ne

d
 o

n
H

LA
-D

R
B

1*
12

:0
2

O
R

95
%

 C
I

P
 v

al
ue

O
R

95
%

 C
I

P
 v

al
ue

O
R

95
%

 C
I

P
 v

al
ue

O
R

95
%

 C
I

P
 v

al
ue

H
LA

-D
R

B
1*

04
:0

5
1.

44
0.

55
 t

o 
3.

78
ns

N
A

N
A

N
A

1.
68

0.
64

 t
o 

4.
41

ns
1.

53
0.

58
 t

o 
3.

99
ns

H
LA

-D
R

B
1*

12
:0

1
0.

10
0.

01
 t

o
 0

.7
5

2.
50

×
10

–2
0.

09
0.

01
 t

o
 0

.7
2

2.
30

×
10

–2
N

A
N

A
N

A
0.

12
0.

02
 t

o
 0

.8
7

3.
60

×
10

–2

H
LA

-D
R

B
1*

12
:0

2
0.

54
0.

19
 t

o 
1.

57
ns

0.
52

0.
18

 t
o 

1.
51

ns
0.

81
0.

29
 t

o 
2.

29
ns

N
A

N
A

N
A

H
LA

-D
R

B
1*

15
:0

2
1.

30
0.

53
 t

o 
3.

21
ns

1.
26

0.
51

 t
o 

3.
10

ns
1.

55
0.

63
 t

o 
3.

83
ns

1.
38

0.
56

 t
o 

3.
41

ns

H
LA

-D
Q

B
1*

03
:0

1
0.

66
0.

32
 t

o 
1.

33
ns

0.
65

0.
32

 t
o 

1.
32

ns
0.

43
0.

22
 t

o 
0.

84
0.

01
4

0.
54

0.
28

 t
o 

1.
04

ns

H
LA

-D
Q

B
1*

05
:0

1
1.

44
0.

77
 t

o 
2.

68
ns

1.
43

0.
77

 t
o 

2.
66

ns
1.

35
0.

73
 t

o 
2.

50
ns

1.
42

0.
76

 t
o 

2.
64

ns

H
LA

-D
Q

B
1*

05
:0

2
2.

75
1.

42
 t

o
 5

.3
0

2.
58

×
10

–3
2.

7
1.

41
 t

o
 5

.1
9

2.
85

×
10

–3
2.

35
1.

24
 t

o
 4

.4
7

9.
20

×
10

–3
2.

53
1.

34
 t

o
 4

.7
8

4.
32

×
10

–3

H
LA

 a
lle

le
C

o
nd

it
io

ne
d

 o
n

H
LA

-D
R

B
1*

15
:0

2
C

o
nd

it
io

ne
d

 o
n

H
LA

-D
Q

B
1*

03
:0

1
C

o
nd

it
io

ne
d

 o
n

H
LA

-D
Q

B
1*

05
:0

1
C

o
nd

it
io

ne
d

 o
n

H
LA

-D
Q

B
1*

05
:0

2

O
R

95
%

 C
I

P
 v

al
ue

O
R

95
%

 C
I

P
 v

al
ue

O
R

95
%

 C
I

P
 v

al
ue

O
R

95
%

 C
I

P
 v

al
ue

H
LA

-D
R

B
1*

04
:0

5
1.

41
0.

54
 t

o 
3.

67
ns

1.
48

0.
57

 t
o 

3.
84

ns
1.

42
0.

54
 t

o 
3.

74
ns

1.
34

0.
51

 t
o 

3.
48

ns

H
LA

-D
R

B
1*

12
:0

1
0.

09
0.

12
 t

o
 0

.7
2

2.
20

×
10

–2
0.

08
0.

01
 t

o
 0

.5
7

1.
20

×
10

–2
0.

1
0.

01
 t

o
 0

.7
8

2.
7×

10
–2

0.
12

0.
02

 t
o

 0
.9

5
4.

4×
10

–2

H
LA

-D
R

B
1*

12
:0

2
0.

52
0.

18
 t

o 
1.

51
ns

0.
42

0.
16

 t
o 

1.
12

ns
0.

55
0.

19
 t

o 
1.

60
ns

0.
72

0.
26

 t
o 

2.
02

ns

H
LA

-D
R

B
1*

15
:0

2
N

A
N

A
N

A
1.

3
0.

52
 t

o 
3.

21
ns

1.
49

0.
63

 t
o 

3.
56

ns
1.

79
0.

75
 t

o 
4.

29
ns

H
LA

-D
Q

B
1*

03
:0

1
0.

66
0.

32
 t

o 
1.

34
ns

N
A

N
A

N
A

0.
61

0.
30

 t
o 

1.
22

ns
0.

48
0.

25
 t

o
 0

.9
5

3.
40

×
10

–2

H
LA

-D
Q

B
1*

05
:0

1
1.

51
0.

83
 t

o 
2.

74
ns

1.
55

0.
84

 t
o 

2.
86

ns
N

A
N

A
N

A
1.

18
0.

65
 t

o 
2.

14
ns

H
LA

-D
Q

B
1*

05
:0

2
2.

86
1.

51
 t

o
 5

.4
2

1.
32

×
10

–3
3.

12
1.

67
 t

o
 5

.8
2

3.
54

×
10

–4
2.

54
1.

34
 t

o
 4

.8
3

4.
38

×
10

–3
N

A
N

A
N

A

H
LA

, h
um

an
 le

uc
oc

yt
e 

an
tig

en
; N

A
, n

ot
 a

va
ila

b
le

; n
s,

 n
on

-s
ig

ni
fic

an
t.



Selvaraja M, et al. Lupus Science & Medicine 2022;9:e000554. doi:10.1136/lupus-2021-0005548

Lupus Science & Medicine

Ta
b

le
 5

 
H

LA
 c

la
ss

 I 
an

d
 c

la
ss

 II
 a

lle
le

s 
as

so
ci

at
io

ns
 a

nd
 r

is
k 

of
 d

ev
el

op
in

g 
S

LE
 a

cr
os

s 
d

iff
er

en
t 

p
op

ul
at

io
ns

P
o

p
ul

at
io

n
G

eo
g

ra
p

hi
ca

l 
d

es
ce

nt
G

en
o

ty
p

in
g

 
m

et
ho

d
H

LA
 g

en
e

C
as

es
:c

o
nt

ro
ls

In
cr

ea
se

d
 r

is
k

D
ec

re
as

ed
 r

is
k

H
LA

 a
lle

le
O

R
95

%
 C

I*
H

LA
 a

lle
le

O
R

95
%

 C
I*

C
au

ca
si

an
s

M
ar

ch
in

i e
t 

al
9

Ita
ly

P
C

R
-S

S
O

H
LA

-D
R

B
1,

 H
LA

-
D

Q
A

1,
 H

LA
-D

Q
B

1,
 

H
LA

-D
P

B
1

24
4:

 2
84

D
R

B
1*

03
:0

1
2.

31
1.

53
 t

o 
3.

49
D

Q
A

1*
01

:0
3

0.
53

0.
29

 t
o 

0.
95

D
Q

B
1*

02
:0

1
1.

84
1.

28
 t

o 
2.

65
D

Q
B

1*
03

:0
1

0.
68

0.
47

 t
o 

0.
98

E
nd

re
ffy

 e
t 

al
29

H
un

ga
ry

†
P

C
R

-S
S

O
H

LA
-D

R
B

1,
 H

LA
-

D
Q

A
1,

 H
LA

-D
Q

B
1

50
:5

0
D

R
B

1*
03

2.
67

1.
09

 t
o 

6.
52

D
R

B
1*

04
0.

13
0.

04
 t

o 
0.

50

D
R

B
1*

07
3.

78
1.

34
 t

o 
10

.6
3

D
R

B
1*

11
/1

2
0.

43
0.

19
 t

o 
0.

97

D
R

B
1*

15
:0

1
4.

95
1.

30
 t

o 
18

.8
1

D
Q

A
1*

01
:0

2
2.

85
1.

23
 t

o 
6.

60

D
Q

A
1*

05
:0

11
3.

04
1.

21
 t

o 
7.

60

D
Q

B
1*

02
:0

1
3.

5
1.

36
 t

o 
9.

00

D
Q

B
1*

06
:0

2
6.

77
1.

42
 t

o 
32

.3
7

R
am

al
 e

t 
al

30
S

p
ai

n†
P

C
R

-S
B

T 
an

d
 

P
C

R
-S

S
O

H
LA

-D
R

B
1,

 H
LA

-
D

Q
B

1,
 H

LA
-D

P
B

1
81

:1
05

D
R

B
1*

03
:0

1
2.

38
1.

29
 t

o 
4.

38
D

R
B

1*
04

:0
3

0.
18

0.
04

 t
o 

0.
82

D
R

B
1*

13
:0

2
0.

1
0.

01
 t

o 
0.

76

M
cH

ug
h 

et
 a

l10
U

K
†

P
C

R
-S

S
P

H
LA

-D
R

B
1,

 H
LA

-D
Q

B
1

15
7:

24
5

D
R

B
1*

03
:0

1/
*0

3:
02

2.
47

1.
59

 t
o 

3.
85

D
R

B
1*

07
:0

1/
*0

7:
02

0.
56

0.
33

 t
o 

0.
93

D
Q

B
1*

02
:0

1
2.

01
1.

33
 t

o 
3.

02
D

Q
B

1*
06

:0
3

0.
36

0.
15

 t
o 

0.
91

Lu
nd

st
rö

m
 e

t 
al

11
S

w
ed

en
P

C
R

-S
S

P
D

R
B

1
66

5:
14

03
D

R
B

1*
03

1.
81

1.
53

 t
o 

2.
15

D
R

B
1*

15
2.

09
1.

67
 t

o 
2.

62

A
rm

st
ro

ng
 e

t 
al

31
U

S
A

 a
nd

 U
K

G
W

A
S

H
LA

-A
, H

LA
-B

, H
LA

-C
, 

H
LA

-D
R

B
1,

 H
LA

-D
Q

B
1

73
5:

48
0

B
*0

8:
01

1.
8

1.
35

 t
o 

2.
43

D
Q

B
1*

03
:0

1
0.

64
0.

50
 t

o 
0.

83

D
R

B
1*

03
:0

1
1.

93
1.

51
 t

o 
2.

49

D
Q

A
1*

05
:0

1
1.

89
1.

53
 t

o 
2.

34

D
Q

B
1*

02
:0

1
1.

76
1.

38
 t

o 
2.

24

Fl
åm

 e
t 

al
32

N
or

w
ay

P
C

R
-S

B
T

H
LA

-B
, H

LA
-D

R
B

1
96

:2
82

B
*0

8
2.

43
1.

61
 t

o 
3.

67
B

*4
4

0.
51

0.
30

 t
o 

0.
87

D
R

B
1*

03
:0

1
2.

78
1.

86
 t

o 
4.

16
D

R
B

1*
04

0.
5

0.
30

 t
o 

0.
82

D
R

B
1*

07
0.

23
0.

09
 t

o 
0.

59

B
et

te
nc

ou
rt

 e
t 

al
12

P
or

tu
ga

l†
P

C
R

-S
S

P
D

R
B

1
21

3:
28

2
D

R
B

1*
03

2.
49

1.
61

 t
o 

3.
86

D
R

B
1*

09
0.

18
0.

04
 t

o 
0.

81

D
R

B
1*

13
0.

58
0.

34
 t

o 
0.

98

Va
rg

as
-A

la
rc
ὁn

 e
t 

al
33

M
ex

ic
o

P
C

R
-S

S
O

H
LA

-D
R

B
1,

 H
LA

-
D

Q
A

1,
 H

LA
-D

Q
B

1
81

:9
9

D
R

B
1*

03
:0

1
2.

63
1.

08
 t

o 
6.

53
D

R
B

1*
08

:0
2

0.
45

0.
21

 t
o 

0.
95

D
R

B
1*

11
:0

1
0.

19
0.

03
 t

o 
0.

93

C
on

tin
ue

d



Selvaraja M, et al. Lupus Science & Medicine 2022;9:e000554. doi:10.1136/lupus-2021-000554 9

Genetics

P
o

p
ul

at
io

n
G

eo
g

ra
p

hi
ca

l 
d

es
ce

nt
G

en
o

ty
p

in
g

 
m

et
ho

d
H

LA
 g

en
e

C
as

es
:c

o
nt

ro
ls

In
cr

ea
se

d
 r

is
k

D
ec

re
as

ed
 r

is
k

H
LA

 a
lle

le
O

R
95

%
 C

I*
H

LA
 a

lle
le

O
R

95
%

 C
I*

C
or

te
s 

et
 a

l34
M

ex
ic

o
P

C
R

-S
S

P
H

LA
-D

R
B

1,
 H

LA
-

D
Q

A
1,

 H
LA

-D
Q

B
1

74
:5

4
D

R
B

1*
15

4.
02

1.
20

 t
o 

15
.1

0
D

Q
B

1*
03

:0
3

0.
19

0.
03

 t
o 

1.
00

D
Q

A
1*

01
:0

2
7.

67
2.

00
 t

o 
34

.3
D

Q
B

1*
05

:0
1

0.
43

0.
20

 t
o 

1.
00

D
Q

B
1*

04
:0

2
2.

76
1.

00
 t

o 
7.

50

d
e 

H
ol

an
d

a 
et

 a
l35

B
ra

zi
l†

P
C

R
-S

S
P

H
LA

-A
, H

LA
-B

, H
LA

-
D

R
B

1
10

8:
21

6
B

*0
8‡

2.
66

1.
37

 t
o 

5.
32

B
*1

5‡
0.

52
0.

28
 t

o 
0.

98

D
R

B
1*

08
‡

2.
51

1.
30

 t
o 

4.
83

D
R

B
1*

11
‡

0.
47

0.
24

 t
o 

0.
90

D
R

B
1*

15
2.

37
1.

44
 t

o 
3.

90
D

R
B

1*
13

‡
0.

52
0.

30
 t

o 
0.

93

A
fr

ic
an

s

B
ha

lil
 e

t 
al

36
M

or
oc

co
§

P
C

R
-S

S
P

H
LA

-D
R

B
1,

 H
LA

-D
Q

B
1

75
:1

69
D

R
B

1*
15

2.
8

1.
55

 t
o 

5.
07

D
R

B
1*

04
0.

47
0.

23
 t

o 
0.

98

A
ye

d
 e

t 
al

37
N

or
th

 T
un

is
ia

†
P

C
R

-S
S

P
H

LA
-D

R
B

1,
 H

LA
-

D
Q

A
1,

 H
LA

-D
Q

B
1

62
:1

00
D

R
B

1*
03

:0
1

2.
86

1.
61

 t
o 

5.
07

D
R

B
1*

11
0.

41
0.

18
 t

o 
0.

92

D
R

B
1*

15
:0

1
2.

89
1.

41
 t

o 
5.

84

D
Q

A
1*

01
:0

2
2.

56
1.

41
 t

o 
4.

67

D
Q

A
1*

05
:0

1
1.

95
1.

13
 t

o 
3.

33

D
Q

B
1*

02
:0

1
3.

71
1.

96
 t

o 
7.

01

D
Q

B
1*

06
:0

2
5.

71
2.

22
 t

o 
14

.6
6

H
ac

hi
ch

a 
et

 a
l13

S
ou

th
 T

un
is

ia
P

C
R

-S
S

P
H

LA
-D

R
B

1,
 H

LA
-D

Q
B

1
75

:1
23

D
R

B
1*

03
:0

1
2.

16
1.

16
 t

o 
4.

02
D

R
B

1*
04

0.
44

0.
21

 t
o 

0.
91

D
R

B
1*

15
2.

43
1.

24
 t

o 
4.

75
D

R
B

1*
14

0.
94

0.
90

 t
o 

0.
99

D
Q

B
1*

05
0.

46
0.

23
 t

o 
0.

92

A
si

an
s

A
l-

M
ot

w
ee

 e
t 

al
43

S
au

d
i A

ra
b

ia
P

C
R

-S
S

P
H

LA
-A

, H
LA

-B
, H

LA
-

D
R

B
1,

 H
LA

-D
Q

B
1

86
:3

56
A

*2
9

2.
7

1.
03

 t
o 

7.
08

B
*5

1
1.

81
1.

17
 t

o 
2.

79

D
Q

B
1*

06
1.

67
1.

19
 t

o 
2.

36

D
R

B
1*

15
‡

1.
45

0.
98

 t
o 

2.
29

D
ed

hi
a 

et
 a

l38
In

d
ia

†
P

C
R

-S
S

P
H

LA
-D

R
B

1,
 H

LA
-

D
Q

A
1,

 H
LA

-D
Q

B
1

25
0:

25
0

D
Q

B
1*

05
‡

1.
45

0.
79

 t
o 

2.
65

D
R

B
1*

04
‡

0.
44

0.
13

 t
o 

1.
43

D
Q

A
1*

01
‡

1.
22

0.
81

 t
o 

1.
84

D
R

B
1*

11
‡

0.
39

0.
12

 t
o 

1.
26

D
Q

A
1*

03
0.

27
0.

09
 t

o 
0.

84

D
Q

B
1*

03
‡

0.
51

0.
26

 t
o 

1.
00

K
at

kh
am

 e
t 

al
39

In
d

ia
P

C
R

-S
S

P
H

LA
-D

R
B

1,
 H

LA
-D

Q
B

1
21

2:
22

7
D

R
B

1*
07

2.
02

1.
34

 t
o 

3.
04

D
R

B
1*

14
0.

49
0.

31
 t

o 
0.

76

Ta
b

le
 5

 
C

on
tin

ue
d

C
on

tin
ue

d



Selvaraja M, et al. Lupus Science & Medicine 2022;9:e000554. doi:10.1136/lupus-2021-00055410

Lupus Science & Medicine

P
o

p
ul

at
io

n
G

eo
g

ra
p

hi
ca

l 
d

es
ce

nt
G

en
o

ty
p

in
g

 
m

et
ho

d
H

LA
 g

en
e

C
as

es
:c

o
nt

ro
ls

In
cr

ea
se

d
 r

is
k

D
ec

re
as

ed
 r

is
k

H
LA

 a
lle

le
O

R
95

%
 C

I*
H

LA
 a

lle
le

O
R

95
%

 C
I*

Lu
 e

t 
al

40
Ta

iw
an

†
P

C
R

-S
S

O
 a

nd
 

P
C

R
-S

S
P

H
LA

-D
R

B
1,

 H
LA

-D
Q

B
1

10
5:

11
5

D
R

B
1*

15
:0

2
2.

79
1.

03
 t

o 
7.

57

D
Q

B
1*

05
:0

1
14

.7
1.

88
 t

o 
11

5.
23

D
Q

B
1*

06
:0

2
2.

79
1.

03
 t

o 
7.

57

P
an

 e
t 

al
14

Ta
iw

an
P

C
R

-S
B

T
D

R
B

1
10

5:
85

5
D

R
B

1*
03

:0
1

2.
01

1.
31

 t
o 

3.
10

D
R

B
1*

15
:0

1
2.

06
1.

36
 t

o 
3.

13

S
hi

m
an

e 
et

 a
l41

Ja
p

an
P

C
R

-S
B

T
D

R
B

1
65

6:
91

1
D

R
B

1*
04

:0
1

2.
93

1.
29

 t
o 

6.
66

D
R

B
1*

01
:0

1
0.

58
0.

36
 t

o 
0.

94

D
R

B
1*

08
:0

2
1.

95
1.

23
 t

o 
3.

15
D

R
B

1*
04

:0
5

0.
62

0.
47

 t
o 

0.
84

D
R

B
1*

09
:0

1
1.

43
1.

11
 t

o 
1.

85
D

R
B

1*
10

:0
1

0.
19

0.
06

 t
o 

0.
65

D
R

B
1*

15
:0

1
2.

9
2.

03
 t

o 
4.

13
D

R
B

1*
15

:0
2

0.
6

0.
43

 t
o 

0.
82

Fu
ru

ka
w

a 
et

 a
l15

Ja
p

an
P

C
R

-S
S

O
H

LA
-D

R
B

1,
 H

LA
-D

Q
B

1
84

8:
84

9
D

R
B

1*
15

:0
1

2.
17

1.
69

 t
o 

2.
79

D
R

B
1*

04
:0

6
0.

42
0.

26
 t

o 
0.

66

D
R

B
1*

13
:0

2
0.

46
0.

34
 t

o 
0.

63

D
R

B
1*

14
:0

3
0.

34
0.

18
 t

o 
0.

63

B
an

g 
et

 a
l16

K
or

ea
P

C
R

-S
S

O
 a

nd
 

P
C

R
-S

B
T

D
R

B
1

10
89

:2
16

1
D

R
B

1*
08

:0
3

1.
62

1.
35

 t
o 

1.
93

D
R

B
1*

11
:0

1
0.

59
0.

43
 t

o 
0.

81

D
R

B
1*

07
:0

1
1.

57
1.

31
 t

o 
1.

89
D

R
B

1*
12

:0
2

0.
49

0.
33

 t
o 

0.
75

D
R

B
1*

09
:0

1
1.

46
1.

23
 t

o 
1.

73

D
R

B
1*

15
:0

1
1.

88
1.

60
 t

o 
2.

22

S
un

 e
t 

al
17

C
hi

na
†

H
LA

 im
p

ut
at

io
n

H
LA

-A
, H

LA
-B

, H
LA

-C
, 

H
LA

-D
R

B
1,

 H
LA

-
D

Q
A

1,
 H

LA
-D

Q
B

1

10
47

:1
20

5
D

R
B

1*
15

:0
1

1.
78

1.
51

 t
o 

2.
11

D
Q

B
1*

03
:0

1
0.

54
0.

46
-.

06
4

D
Q

A
1*

01
:0

2
1.

63
1.

41
 t

o 
1.

88

D
Q

B
1*

06
:0

1
1.

59
1.

33
 t

o 
1.

90

D
Q

B
1*

06
:0

2
1.

32
1.

10
 t

o 
1.

57

S
iri

ko
ng

 e
t 

al
18

Th
ai

la
nd

P
C

R
-S

S
O

H
LA

-D
R

B
1,

 H
LA

-D
Q

B
1

85
:1

87
D

R
B

1*
15

:0
2

2.
27

1.
43

 t
o 

3.
59

D
Q

B
1*

03
:0

1
0.

52
0.

34
 t

o 
0.

80

D
Q

B
1*

05
:0

1
2.

53
1.

56
 t

o 
4.

11

Lo
ut

hr
en

oo
 e

t 
al

42
Th

ai
la

nd
P

C
R

-S
S

P
D

R
B

1
70

:9
9

D
R

B
1*

15
:0

1‡
1.

37
0.

56
 t

o 
2.

88

D
R

B
1*

15
:0

2‡
1.

5
0.

82
 t

o 
2.

75

D
R

B
1*

16
:0

2‡
1.

74
0.

94
 t

o 
3.

23

A
zi

za
h 

et
 a

l20
M

al
ay

si
a†

¶
P

C
R

-R
FL

P
H

LA
-D

R
, H

LA
-D

Q
A

1,
 

H
LA

-D
Q

B
1,

 H
LA

-D
P

B
1

56
:5

9
D

R
2

3.
83

1.
54

 t
o 

9.
55

D
Q

B
1*

03
:0

1
0.

33
0.

13
 t

o 
0.

82

D
Q

B
1*

02
:0

1
2.

41
1.

08
 t

o 
5.

36
D

Q
B

1*
05

:0
3

0.
34

0.
14

 t
o 

0.
80

D
Q

B
1*

05
:0

1
4.

56
1.

93
 t

o 
10

.7
7

D
P

B
1*

08
:0

1
0.

22
0.

05
 t

o 
0.

83

D
Q

B
1*

06
:0

1
6

2.
06

 t
o 

17
.4

4

D
P

B
1*

09
:0

1
3.

27
1.

29
 t

o 
8.

28

Ta
b

le
 5

 
C

on
tin

ue
d

C
on

tin
ue

d



Selvaraja M, et al. Lupus Science & Medicine 2022;9:e000554. doi:10.1136/lupus-2021-000554 11

Genetics

P
o

p
ul

at
io

n
G

eo
g

ra
p

hi
ca

l 
d

es
ce

nt
G

en
o

ty
p

in
g

 
m

et
ho

d
H

LA
 g

en
e

C
as

es
:c

o
nt

ro
ls

In
cr

ea
se

d
 r

is
k

D
ec

re
as

ed
 r

is
k

H
LA

 a
lle

le
O

R
95

%
 C

I*
H

LA
 a

lle
le

O
R

95
%

 C
I*

M
oh

d
-Y

us
of

f e
t 

al
21

M
al

ay
si

a 
(M

al
ay

)
P

C
R

-S
S

P
H

LA
-A

, H
LA

-D
R

B
1,

 
H

LA
-D

Q
B

1
61

:4
9

A
*1

1:
01

/*
11

:0
2

2.
74

1.
26

 t
o 

6.
0

D
R

B
1*

07
:0

1
3.

29
1.

03
 t

o 
10

.5
3

D
Q

B
1*

05
2.

4
1.

35
 t

o 
4.

27

M
oh

d
-Y

us
of

f e
t 

al
21

M
al

ay
si

a 
(C

hi
ne

se
)

P
C

R
-S

S
P

H
LA

-A
, H

LA
-D

R
B

1,
 

H
LA

-D
Q

B
1

99
:5

8
A

*1
1:

01
/*

11
:0

2
1.

94
1.

17
 t

o 
3.

21
D

Q
B

1*
03

:0
1/

*0
3:

04
0.

3
0.

17
 t

o 
0.

53

D
R

B
1*

16
:0

1
4.

09
1.

51
 t

o 
11

.0
5

D
Q

B
1*

05
2.

75
1.

56
 t

o 
4.

84

C
ur

re
nt

 s
tu

d
y

M
al

ay
si

a 
(M

al
ay

)
P

C
R

-S
S

O
 a

nd
 

H
LA

 im
p

ut
at

io
n

H
LA

-A
, H

LA
-B

, H
LA

-C
, 

H
LA

-D
R

B
1,

 H
LA

-
D

Q
A

1,
 H

LA
-D

Q
B

1,
 

H
LA

-D
PA

1,
 H

LA
-D

P
B

1

10
0:

95
1

A
*1

1:
01

1.
49

1.
05

 t
o 

2.
10

D
R

B
1*

12
:0

1
0.

07
0.

02
 t

o 
0.

28

B
*3

8:
02

2.
51

1.
47

 t
o 

4.
31

D
R

B
1*

12
:0

2
0.

5
0.

30
 t

o 
0.

83

D
R

B
1*

04
:0

5
3.

49
2.

10
 t

o 
5.

80
D

Q
A

1*
03

:0
1

0.
14

0.
04

 t
o 

0.
45

D
R

B
1*

15
:0

2
1.

59
1.

13
 t

o 
2.

22
D

Q
A

1*
06

:0
1

0.
33

0.
21

 t
o 

0.
52

D
R

B
1*

16
:0

2
2.

06
1.

16
 t

o 
3.

67
D

Q
B

1*
03

:0
1

0.
54

0.
37

 t
o 

0.
78

D
Q

A
1*

01
:0

2
1.

86
1.

35
 t

o 
2.

54
D

PA
1*

01
:0

3
0.

67
0.

53
 t

o 
0.

84

D
Q

B
1*

05
:0

1
1.

62
1.

11
 t

o 
2.

35

D
Q

B
1*

05
:0

2
2.

02
1.

42
 t

o 
2.

85

D
PA

1*
02

:0
2

1.
75

1.
30

 t
o 

2.
36

*P
<

0.
05

.
†T

ab
ul

at
io

n 
of

 O
R

 a
nd

/o
r 

95
%

 C
I (

2×
2 

χ2  t
es

t) 
b

as
ed

 o
n 

th
e 

re
p

or
te

d
 a

b
so

lu
te

 n
um

b
er

 o
f a

lle
le

s.
‡N

on
-s

ig
ni

fic
an

t 
si

m
ila

r 
tr

en
d

 o
f a

ss
oc

ia
tio

n 
w

ith
 p

ub
lis

he
d

 d
at

a 
fr

om
 o

th
er

 p
op

ul
at

io
ns

.
§C

as
es

 w
er

e 
al

l c
lin

ic
al

ly
 d

ia
gn

os
ed

 lu
p

us
 n

ep
hr

iti
s.

H
LA

, h
um

an
 le

uc
oc

yt
e 

an
tig

en
; S

B
T,

 s
eq

ue
nc

e-
b

as
ed

 t
yp

in
g;

 S
S

O
, s

eq
ue

nc
e-

sp
ec

ifi
c 

ol
ig

on
uc

le
ot

id
e;

 S
S

P,
 s

eq
ue

nc
e-

sp
ec

ifi
c 

p
rim

er
.

Ta
b

le
 5

 
C

on
tin

ue
d



Selvaraja M, et al. Lupus Science & Medicine 2022;9:e000554. doi:10.1136/lupus-2021-00055412

Lupus Science & Medicine

the ‘autoimmune’ haplotype 8.1 (HLA-A1/B8/Cw*07/
DRB1*03:01/DQB1*02:01) that has shown to be asso-
ciated with SLE particularly among the Caucasians.46 
However, the HLA-B*08 allele was rarely found in the 
Malaysian Malay patients with SLE (1%) and the Malay 
general population.

HLA class II alleles have been repeatedly shown to 
display strong associations with SLE across the major 
histocompatibility complex region, particularly in the 
DRB1 and DQB1 loci. In the current study, we observed 
that HLA-DRB1*15 and DQB1*03 alleles were the most 
important susceptibility and protective variants for SLE 
in Malays and other ethnic groups,9 11 13–18 20 29–31 34–38 40–43 
suggesting that the genetic effects of these alleles are 
generalised to multiple ethnic populations of Caucasian, 
African and Asian descent.

It is worthy to mention that DRB1*15 polymorphisms 
were robustly associated with risk of SLE worldwide. 
However, further scrutinisation analysis at molecular 
level revealed a considerable heterogeneity of association 
signals between our population and those of Caucasian 
or East Asian origins. For instance, DRB1*15 risk factor 
seemed to be shared, but the risk signal often appeared 
to be population specific, that is, DRB1*15:01 in the 
Caucasians, Africans and East Asians.15–17 29 37 In contrast 
to DRB1*15:01, we observed a significant association with 
DRB1*15:02 in Southeast Asians and in Malaysian Malay 
SLE populations.18 42 The differential role of these two 
DRB1*15 allele subtypes had not been clearly defined as 
DRB1*15:02 is a rare variant for Caucasian populations. 
On the other hand, the majority of previous studies in 
Asian populations investigated these alleles together as 
DR2 (or DR*15) serotypes.20 43 Previous report on the 
amino acid sequence showed that these alleles differed 
at position 86 (a valine for DRB1*15:01 and glycine for 
DRB1*15:02). This amino acid constitutes the P1 pocket 
of the DRβ molecule and is considered to be crucial for 
antigen presentation.47

As shown in table  5, HLA-DRB1*03/*03:01 polymor-
phism and SLE was significant in patients with Caucasian 
and African origins, however, this susceptibility associ-
ation was almost completely absent in the Asian studies 
except one report from Taiwan.14 Taking together our 
report with others, the genetic heterogeneity is common 
among SLE populations worldwide, especially between 
Caucasians, Africans and Asians. The identification of 
HLA genetic heterogeneity at molecular level (eg, clas-
sical four-digit) may thus enhance our understanding 
of mechanisms that lead to SLE pathogenesis in certain 
populations and allow for more precise and personalised 
diagnosis, prognosis and treatment stratification for the 
patients with SLE.

The genetic heterogeneity evident in patients with SLE 
of various ethnic populations may be attributed to the 
inheritance of different ancestral haplotypes that impact 
the development of SLE.48 In this study, the haplotype 
analysis revealed higher effect sizes in comparison to our 
univariate HLA allele’s analysis and with relatively large 

95% CIs. For example, the commonly reported SLE-
associated HLA-DRB1*15:02~DQB1*03:01 haplotype was 
significantly associated with risk of developing SLE in 
Malay patients with OR of 50 and 95% CI between 10.9 
and 229.9. It is noteworthy that combination of multiple 
risk signals from different HLA loci observed in this study 
(eg, A*11:01~DRB1*15:02~DQB1*05:01, OR=3.18, 95% 
CI=1.53 to 6.58), did not demonstrate higher genetic 
effect, thus indicating low evidence for additive gene-
gene interaction in Malay patients with SLE in our study.

HLA imputation is an approach of inferring an individ-
ual’s HLA genotype using information about that individ-
ual’s SNP genotype at sites flanking the classical HLA loci. 
This imputation allows us to immediately leverage massive 
SNP datasets which are readily available, with virtually no 
cost involved. Imputation also allows the transformation 
of SNP-based association into the HLA allele-level associa-
tion, which may be biologically more informative. Further-
more, researchers can perform imputation to the level of 
protein/amino acid sequence within the HLA molecule, 
and predict the specific amino acid present, thus allowing 
for functional interpretations to be pursued.

In this study, we used the data from a large, well-
characterised, population-based and ethnically matched 
normal controls for risk association testing with the 
SLE patient’s cohort.23 26 These normal individuals with 
Malay ethnicity were previously subjected to dense SNP 
genotyping using the Immunochip array (~196 000 SNP 
markers).26 We then performed HLA imputation for clas-
sical HLA-DQA1, HLA-DPA1 and HLA-DPB1 genes for 
allelic association analysis. In our analysis, we convincingly 
validated DQA1*01:02 as a potential universal suscepti-
bility risk factor for SLE development, consistent with the 
findings from Hungarian, Mexican, Han Chinese, Tuni-
sian and Indian populations.17 29 34 37 38 In addition, we 
also newly identified DPA1*02:02 as a susceptibility allele, 
while DPA1*01:03 was identified as a protective allele with 
modest risk magnitudes in the Malay patients with SLE. 
An important limitation of our existing HLA-DQA1, HLA-
DPA1 and HLA-DPB1 imputation, and of many previous 
studies, is that the present study was limited by lack of 
experimental HLA-DQA1, HLA-DPA1 and HLA-DPB1 
genotype data for comparison and validation of concor-
dance rates/imputation accuracy. Therefore, we tested 
our significant results with two published HLA-genotyped 
Malay control populations.44 45 Our results showed that 
similar trend of associations for HLA-DPB1 gene using 
the Singapore Riau Malays,45 but were not significant after 
Bonferroni correction (online supplemental table S3). 
Similar association trends were also observed using the 
Southeast Asia Malay data from the Singapore Genome 
Variation Project.44 While we have convincingly repli-
cated the findings for associated DPA1*01:03 (OR=0.52) 
and DPA1*02:02 (OR=1.60), we observed an oppo-
site direction of risk effect for DQA1*01:02 (OR=1.85) 
using our normal controls versus the Southeast Asia 
Malays (OR=0.21) (online supplemental table S3). We 
were unable to validate the results for DQA1*03:01 and 
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DQA1*06:01 alleles as these alleles were not detected in 
the Southeast Asia Malays.44 As yet, we are not aware of 
large dataset with SNP and high-resolution HLA types in 
Southeast Asian populations, and argue that resources 
should be made available to generate large population-
specific reference panel to enable good quality HLA 
imputations.

SLE is a chronic autoimmune disease, characterised 
by multisystem organ inflammation, that is, skin, joints, 
kidneys, blood cells and nervous system. In this study, we 
used a large and well-defined patients set, for example, 
homogenous Malay ethnicity, all female patients with SLE 
with renal involvement (ie, presence of proteinuria >0.5 
g/day or having active urinary sediments with >5 red cells 
per high-power field and/or casts, and in which 30% of 
these patients were having renal biopsy-proven lupus 
nephritis), and appropriate controls (ie, population-
based Malay individuals without history of autoimmune 
diseases/underlying chronic inflammatory diseases). On 
the other hand, owing to the systemic nature, and clinical 
phenotypic heterogeneity of the disease as well as over-
lapped abnormal laboratory assessment of renal profile 
such as presence of proteinuria and elevated creatinine 
levels, our study was not able to pinpoint the identified 
risk variants to be solely associated with involvement of 
renal manifestations in the patients with SLE. However, 
when we stratified the patients with SLE with or without 
lupus nephritis and tested the identified HLA class I and 
class II risk variants, we did not observe substantial differ-
ences for the ORs between these subgroups (data not 
shown) except for HLA-DRB1*04:05 (ie, SLE with lupus 
nephritis, OR=7.15, 95% CI=3.60 to 14.22 vs SLE without 
lupus nephritis, OR=1.49; 95% CI=0.69 to 3.18) (online 
supplemental table S4). Furthermore, we did not inves-
tigate the environmental exposures and lifestyle factors 
that could determine susceptibility and/or progression 
of SLE, which could potentially create opportunities for 
primary and/or secondary prevention strategies.

This study demonstrates associations between broad 
arrays of classical HLA class I and class II genetic poly-
morphisms and SLE in the Malaysian female population. 
Using the data from this study, together with updated liter-
ature and their significant findings, we further support 
the notion that several HLA class II alleles (ie, DRB1*15, 
DQB1*03 and DQA1*01:02 alleles) are universally asso-
ciated with risk of developing SLE in different ethnic 
populations and that these genetic effects are generalised 
to multiple ethnic populations of Caucasian, African and 
Asian descents. Further genetic and pharmacogenetics 
research in SLE development is crucial for understanding 
the pathogenetic mechanism involved which may pave a 
path for developing new and personalised therapeutic 
drugs for SLE.
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