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Background: Systemic lupus erythematosus (SLE) is an autoimmune disease under genetic control. Growing evidences support the genetic
predisposition of HLA-DRB1 gene polymorphisms to SLE, yet the results are not often reproducible. The purpose of this study was to
assess the association of two polymorphisms of HLA-DRBI gene (HLA-DR3 and HLA-DR15) with the risk of SLE via a comprehensive
meta-analysis.

Methods: This study complied with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement. Case-control
studies on HLA-DRBI and SLE were searched from PubMed, Elsevier Science, Springer Link, Medline, and Cochrane Library database
as of June 2018. Analysis was based on the random-effects model using STATA software version 14.0.

Results: A total of 23 studies were retained for analysis, including 5261 cases and 9838 controls. Overall analysis revealed that HLA-DR3
and HLA-DRI15 polymorphisms were associated with the significant risk of SLE (odds ratio [OR]: 1.60, 95% confidence interval
(CI): 1.316-1.934, P = 0.129 and OR: 1.68, 95% CI: 1.334-2.112, P = 0.001, respectively). Subgroup analyses demonstrated that for
both HLA-DR3 and HLA-DR15 polymorphisms, ethnicity was a possible source of heterogeneity. Specifically, HLA-DR3 polymorphism
was not associated with SLE in White populations (OR: 1.60, 95% CI: 1.320-1.960, P = 0.522) and HLA-DR15 polymorphism in East
Asian populations (OR: 1.65, 95% CI: 1.248-2.173, P = 0.001). In addition, source of control was another possible source for both
HLA-DR3 and HLA-DR15 polymorphisms, with observable significance for HLA-DR3 in only population-based studies (OR: 1.65, 95%
CI: 1.370-1.990, P = 0.244) and for HLA-DR15 in both population-based and hospital-based studies (OR: 1.38, 95% CI: 1.078-1.760,
P=0.123 and OR: 2.08, 95% CI: 1.738-2.490, P = 0.881, respectively).

Conclusions: HLA-DRBI gene may be a SLE-susceptibility gene, and it shows evident ethnic heterogeneity. Further prospective validations
across multiple ethnical groups are warranted.
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INTRODUCTION better understanding of the genetic basis of SLE has recently
emerged from studies of families, candidate genes, and
genome-wide scanning. There is evidence that monozygotic
twins were observed to have a much higher rate of disease
concordance than dizygotic twins, indicating a strong genetic
component in SLE.P! In addition, more than 52 candidate loci

Systemic lupus erythematosus (SLE) is a chronic multisystem
autoimmune disease predominantly affecting women, and its
clinical features always include hematological abnormalities,
skin and joint diseases, renal disease, and neuropsychiatric
complications.!"? SLE is characterized by the development
of dysregulated autoreactive B-cell-derived autoantibodies _
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in predisposition to SLE have been identified by a large panel
of genome-wide association studies across various ethnical
groups in the past two decades.*? It is of interest to notice that
a majority of SLE candidate genes and loci are functionally
relevant to immune system, in particular the genes located in
human lymphocyte antigen (HLA) regions.!"” The HLA gene
is mapped on chromosome 6p21.3, and it encodes the major
histocompatibility complex proteins in humans,!'"! which
has a pivotal role in the regulation of immune system. The
genomic sequences of HLA gene are highly polymorphic,
and growing evidence indicate that its different alleles are
able to modulate the adaptive immune system.["! It is widely
recognized that dysregulation of antigen presentation by HLA
proteins to T-cells leads to abnormal T-cell-mediated adaptive
response, which may explain why different HLA gene alleles
contribute to the pathogenic development of SLE.['?! Several
HLA haplotypes were strongly linked to the pathogenic
development of SLE. For example, three HLA haplotypes
were significantly associated with SLE susceptibility in
Caucasians.'"”! In addition, Natalia et al.l"*! conducted a
meta-analysis, showing that HLA-DR2 and HLA-DR3 genes
were associations with the risk of SLE in Latin Americans.

Although the association between HLA genes and SLE has
been widely evaluated, the results are not often reproducible,
and most studies are limited by small sample sizes and
genetic heterogeneity.!'>!415] It is universally recognized
that individual studies in small sample size may have not
enough statistical power to detect a small risk factor or give
afluctuated estimation. Genetic heterogeneity is an inevitable
problem in any disease identification strategy that can be
avoided when large homogeneous populations are used. To
overcome these limitations and fill this gap in knowledge, we
designed the present meta-analysis of all case-control studies
in the medical literature to comprehensively assess the genetic
association of HLA-DR3 and HLA-DR15 polymorphisms in
HLA-DRBI gene with the risk of having SLE.

MEeTHODS

The conduct of this meta-analysis conformed to the
guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses statement.!'®!

Literature search strategy

The electronic databases used for literature search included
PubMed, Springer Link, Elsevier Science, and Cochrane
Library database, and search process was conducted
independently by two investigators (Xue K and Niu WQ),
restricting the publications included to English language
studies and humans only. The key words included “systemic
lupus erythematosus” or “SLE” and “human lymphocyte
antigen” or “HLA” or “HLA-DRB” or “HLA-DR3” or
“HLA-DR15”. In addition, hand searching of the reference
lists of retrieved articles was also conducted.

Study selection
Studies were included if they satisfied the following
criteria: (1) the diagnosis of SLE according to the

American College of Rheumatology 1979 or 1982 revised
classification criteria; (2) study design: cross-sectional or
nested case-control design; (3) raw data including odds
ratio (OR) with 95% confidence interval (95% CI') were
provided, or enough information to calculate OR was
supplied in the study; and (4) the article was published in
peer-reviewed journals as original contributions, rather than
in the form of conference abstract or poster or case series
or letter to the editor.

Data extraction

Two investigators (Xue K and Niu WQ) independently
extracted data from each eligible study using a standardized
data extraction form, and any discrepancies were resolved
by adjudicated by a third investigator (Cui Y). The items
extracted included the first author’s family name, publication
year, country or area where the study was performed, sample
size, ethnicity, diagnostic method, genotyping method,
and genetic distributions of HLA-DR3 and HLA-DRIS5
polymorphisms in SLE patients and controls.

Statistical analysis

In a random-effects model, the OR and 95% CI for the risk
prediction of HLA-DR3 and HLA-DR15 polymorphisms for
SLE were calculated. The Chi-squared test and inconsistency
index (P) statistic were used to quantify the heterogeneity of
effect-size estimates both in overall and subgroup analyses.
I statistics were used to quantify the percentage of the
total variance between-study heterogeneity; Pm < 0.05 was
considered statistically significant. 95% CIs were analyzed
to determine the diagnostic accuracy of SLE.

The proportion of the total variation increases with the
percentage of 2. Hardy-Weinberg equilibrium was test in
control groups. Random-effects model was constructed
to calculate the P value for heterogeneity. Based on the
ascending order of publication dates, a cumulative analysis
was performed to identify the impact of the first published
study on the following publications and the evolution of
the pooled estimates over time. Subgroup analysis and
meta-regression analysis were conducted to estimate the
potential confounding factors such as race, control source,
and matched status between patients and controls. The
Begg’s funnel plot was employed to assess the probability
of publication bias. The trim-and-fill method was employed
to estimate the number of potentially missing studies caused
by publication bias. All statistical analyses were conducted
using STATA software (Version 14.0, StataCorp, College
Station, TX, USA).

ResuLts

Eligible studies

Based on literature search strategy, a total of 238 potentially
relevant articles were identified. Among them, only 16
studies were eligible for the association of HLA-DR3 allele
with the risk of SLE and 11 studies for the association of
HLA-DRI5. A flow diagram of the selection process with
detailed reasons for exclusion is shown in Figure 1.
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Study characteristics

The characteristics of all eligible studies in this meta-analysis
are presented in Table 1. Twenty-three studies including a
total of 5261 patients with SLE and 9838 controls were used
to evaluate the association of HLA-DR3 and HLA-DRI15
polymorphisms with the risk of SLE. Among the 23 qualified
studies, seven studies included East Asian populations,!'’
five studies included White populations,?*?¥! five studies
included mixed populations,®-* three studies included Middle
Eastern populations,***% and three studies included African
populations.?”*! Ten studies involving SLE patients and
controls matched on gender and age. Seven studies recruited
controls from hospitals and 17 studies from populations.

After excluding studies, no changes in overall estimates
were found which violated the Hardy-Weinberg equilibrium.

Overall analysis

There were 16 and 11 studies with HLA-DR3 and HLA-DR15
polymorphisms, respectively. Under random-effects models,
overall analysis revealed that HLA-DR3 and HLA-DRI15
polymorphisms were associated with the significant risk of
SLE (OR: 1.595,95% CI:1.316-1.934, P=0.129 and OR: 1.678,
95% CI: 1.334-2.112, P=0.001, respectively) [Figure 2a and 2b].

Subgroup analysis

To explore potential sources of between-study heterogeneity,
we conducted a set of subgroup analyses. In subgroup analysis
for HLA-DR3 polymorphism, we found the following results:
47.32% (OR: 1.610, 95% CI: 1.320-1.960, P = 0.522) in
White populations, 17.9% (OR: 1.470, 95% CI: 0.980-2.210,
P = 0.626) in matched studies, and 88.37% (OR: 1.650,
95% CI: 1.370-1.990, P = 0.244) in studies involving
population-based controls [Figures 3a, 4a and 4c].

For HLA-DR15 subgroup analyses, we found the following
results: 73.98% (OR: 1.646, 95% CI: 1.248-2.173,

Potentially relevant studied through
database searching (n = 238)

31 not included SLE
22 review
23 not human studies

A

Potentially relevant citations identified for evaluation (n = 162)

25 not relevant to DRB1
| 50 not relevant to HLA-DR3 and HLA-DR15
64 lack of sufficient data

23 qualified articles for HLA-DRB1 gene variants in
association with systemic lupus erythematosus, all
the articles in English

Figure 1: Flow diagram of search strategy and study selection on
polymorphisms of HLA-DRB1 gene with the risk of SLE. SLE: Systemic
lupus erythematosus.

P =0.001) in East Asian populations, 51.46% (OR: 1.519,
95% CI: 1.084-2.130, P < 0.050) in matched studies,
and 55.46% (OR: 1.378, 95% CI: 1.078-1.760,
P =0.123) in studies involving population-based controls
[Figures 3b and 4b, 4d].

Cumulative analysis

The cumulative analysis for HLA-DR3 and HLA-DRIS5
polymorphisms in association with the risk of SLE
was conducted, showing stable ORs and 95% ClIs, and
none of these studies affected pooled ORs and 95% CIs
[Figure 5a and 5b]. The pooled estimates of the HLA-DR3
polymorphism remained stable with the accumulation of
genetic data over time.

Publication bias

The probability of publication bias was justified by
the Begg’s funnel plots, which was proved to be
relatively symmetric for both HLA-DR3 and HLA-DR15
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Figure 2: Forest plots for meta-analysis of HLA-DRB1 gene. (a) Overall
analysis association between HLA-DR3 polymorphisms and the
significant risk of SLE. (b) QOverall analysis association between
HLA-DR15 polymorphisms and the significant risk of SLE. The ORs
with 95% CI were calculated by the Mantel-Haenszel method. The gray
squares represent the studies in relation to their weights. C/: Confidence
interval; OR: Odds ratio; /%: Higgins test.
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Table 1: Characteristicsof 23 studies included in the meta-analysis
Author (year) Ethnicity Assessment method Detection methods Controlsource
Hend et al. (2018)53¢ African ARC PCR-SSP Hospital
Giovanna et al. (2016)1?" White ARC PCR-SSP Population
Piotrowski ez al. (2015)2% White ARC PCR-SSP Population
Andreia et al. (2015)1 White ARC PCR-SSP Hospital
Louthrenoo et al. (2013)122 East Asian ARC PCR-SSP Population
Wadi et al. (2014)!'%) Middle Eastern ARC PCR-SSP Hospital
Hussain ef al. (2011)!'% Middle Eastern ARC PCR-SSP Population
Pan et al. (2009)24 East Asian ARC PCR-SSP Population
Aniko et al. (2009)" White ARC PCR-SSP Population
Lopez-Tello et al. (2007)3% Mixed ARC PCR-SSP Population
McHugh et al. (2006)53 Mixed ARC PCR-SSP Population
Sirikong et al. (2002)!7! Middle Eastern ARC PCR-SSP Hospital
Vargas et al. (2001)834 Mixed ARC PCR-SSP Population
Steinsson et al. (1998)3" White ARC PCR-SSP Population
Rudwaleit et al. (1995)5 African ARC PCR-SSP Population
Jzuniga et al. (2001)5% Mixed ARC PCR-SSP Population
Holanda et al. (2018)11 Mixed ARC PCR-SSP Hospital
Bang et al. (2016)1" East Asian ARC PCR-SSP Hospital
Furukawa et al. (2014)!"% East Asian ARC PCR-SSP Hospital
Shimane et al. (2013)23 East Asian ARC PCR-SSP Population
Mohd-Yusuf ez al. (2011)1% East Asian ARC PCR-SSP Population
Lee et al. (2003)121 East Asian ARC PCR-SSP Population
Reveille et al. (1991)B7 African-American ARC PCR-SSP Population
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Figure 3: Meta-analysis forest plot of HLA by ethnicity. (a) The association between HLA-DR3 alleles and the significant risk of SLE with different
ethnicity. (b) The association between HLA-DR15 alleles and the significant risk of SLE with different ethnicity. C/: Confidence interval; OR: Odds

ratio; /% Higgins test.

polymorphisms. By contrast, five potentially missing
studies were required to make the funnel plot symmetrical
[Figure 6a and 6b].

Discussion

It is well recognized that meta-analysis is a powerful
tool to summarize results of individual studies, and it can
increase statistical power and resolution.”**! In this present
meta-analysis of published case-control studies, our findings

indicated that HLA-DR3 and HLA-DR15 polymorphisms are
associated with the significant risk of SLE, consistent with
the results of most previous studies. The included literature
usually does not report in detail to assess the validity and
clinical characteristics of the preliminary study. It is best to
avoid this in the initial trials. Unfortunately, for many of the
biases in the study, such as poor distribution concealment,
the precise effects are not known and cannot be corrected. To
shed light on this issue, our subgroup analysis demonstrated
that the association between HLA-DR3 polymorphism
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Figure 4: Meta-analysis forest plot of HLA alleles with matching situation and hospital/population-sourced data. (a) Meta-analysis forest plot of
HLA-DRS3 alleles with matched or not applicable; (b) meta-analysis forest plot of HLA-DR15 alleles with matched or NA; (c) meta-analysis forest
plot of HLA-DR3 alleles with hospital/population-sourced data; (d) meta-analysis forest plot of HLA-DR15 alleles with hospital/population-sourced
data. SLE: Systemic lupus erythematosus; C/: Confidence interval; OR: Odds ratio; /% Higgins test; NA: Not applicable.

and SLE was significant in White populations, while the
association between HLA-DRI5 polymorphism and SLE
was only significant in East Asian populations, indicating
strong evidence of genetic heterogeneity across different
racial or ethnical groups. A meta-regression model was built
to explore other sources of between-study heterogeneity by
combining covariates of various research levels. A large
part of the heterogeneity for HLA-DR15 polymorphism
under random-effects models was consistent with the
results of subgroup analysis of differences in hospital or
population (regression coefficient: 0.43; P = 0.003). The
race source (coefficient: 0.151; P = 0.051) and other

factors (matched or not applicable [NA]: coefficient:
—0.276; P = 0.091) contributed no heterogeneous with
SLE. As meta-regression analysis involved the limitation
of sample size, it may not be fully to detect differences in
small or moderate sample. Unfortunately, in this HLA-DR3
meta-analysis, randomized effector regression analysis
showed no significance for these polymorphisms. It is
important to remind that meta-regression does not have
the methodological rigor of a designed study that is tended
to test the effect of these covariates. Sensitivity analysis
showed that none of the studies influenced the overall results
significantly [Supplementary Figure 1a and 1b]. There are
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Figure 5: Forest plot for cumulative analysis of HLA. (a) Forest plot for
cumulative analysis of HLA-DR3; (b) forest plot for cumulative analysis
of HLA-DR15. HLA: Human lymphocyte antigen.

several causes of heterogeneity: artefactual, methodological,
and clinical. It will not always be possible to examine all
sources of clinical heterogeneity.

SLE is a complex multistep and multifactorial disease.
There is strong evidence for a genetic component in
the pathogenesis of SLE.I'>4 HLA proteins regulate the
immune response of autoreactive T-cells that can help
B-cells to recognize the same autoantigen and produce
autoantibodies, further resulting in the multisystem organ
damage.l?l A large panel of case-control studies and
meta-analyses have been undertaken and demonstrated that
in HLA, genetic variation represents a major susceptibility
factor for SLE. However, many previous studies are
limited by insufficient sample sizes, which may lead to
unstable or fluctuated effect-size estimates. Meta-analysis
is deemed as a good method widely used for gathering
results from individual studies with the same objectives.
We thus performed a comprehensive meta-analysis of all
available case-control studies to assess the association
of two polymorphisms, HLA-DR3 and HLA-DRI15 in
HLA-DRBI gene with the risk of having SLE in the
medical literature.

A series of case-control studies and meta-analyses have
demonstrated that HLA-DRB]I is one of the most important

Filled funnel plot with pseudo 95% confidence limits
2-
1 °
- °
2 °
s % °
s
I3 oo
£ °
°
0-
-
T T
0 5 1
E s.e. of: theta, filled
Filled funnel plot with pseudo 95% confidence limits
2 -
1
o ° g
2 °
= °
g o
£
7 \\ ’
o ! 8
M a\
-1 -
0 2 6
m s.e. of: theta, filled

Figure 6: Fill funnel plots and Egger’s linear regression test for
publication bias. (a) Fill funnel plots for studies investigating the effect
of HLA-DR3; (b) fill funnel plots for studies investigating the effect of
HLA-DR15. Each spot represents a separate study. Hollow circles are
the actual studies included in this meta-analysis, and solid squares are
missing studies required to achieve symmetry.

susceptibility genes in SLE pathogenesis. For instance,
HLA-DR3, HLA-DRY, and HLA-DRI15 polymorphisms
were identified as significant risk factors for SLE, while
HLA-DR4, HLA-DR11, and HLA-DR14 polymorphisms
were identified as protective factors for SLE. In the present
meta-analysis, integrating 23 studies including 5261 patients
and 9838 controls, we found that HLA-DR3 showed an
OR of 1.595 (P < 0.01) and HLA-DR15 showed OR of
1.678 (P=0.001), indicating the susceptibility of HLA-DR3
and HLA-DR15 polymorphisms to SLE.

To explore potential sources of heterogeneity across
studies, we conducted a set of subgroup analyses, such
as by ethnicity. Ethnic and genetic heterogeneities have
been reported leading to the complexity of its clinical
presentation.['”) Many meta-analyses demonstrated that
ethnicity could affect the association between HLA gene
polymorphisms and SLE predisposition. The distribution
of HLA risk alleles and haplotypes and the association of
HLA with the risk of SLE varied across racial and ethnical
groups, and it is of importance to conduct genetic association
studies in homogeneous populations.'>!*15 In this study,
for the HLA-DR3 subgroup analyses, 47.32% (OR: 1.611,
P = 0.522) in White populations, and in the HLA-DR15
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subgroup analyses, 73.98% (OR: 1.646, P < 0.01) in East
Asian populations, indicating that HLA-DR3 was a risk
factor for the development of SLE in White populations
and HLA-DRI15 in East Asian populations. This study
further revealed that the frequencies of the HLA-DRBI
polymorphisms in SLE patients differed remarkably across
ethnic groups.

Why the frequency of the HLA-DRBI polymorphisms in
SLE patients may be different across ethnic groups? A
recent study showed that HLA-DR3 could restrict T-cell
epitope on SmD79-93 (one of the SmD proteins) to activate
T-cells reactive, thereby inducing autoimmune response
to lupus-associated antigen SmD in SLE.[*J SmD79-93
and its molecular mimics could induce autoantibodies
against SmD in SLE, which have been demonstrated
mainly in lupus patients of North America.™*! This
might explain why the association between HLA-DR3
and SLE patients was significant in White populations
in this present meta-analysis. Moreover, the significant
association between HLA-DR15 and SLE in East Asian
populations indicated that there may be similar mechanism
for HLA-DR15 regulating T-cell immune response in
SLE of East Asian populations, which is worth for further
investigations.

Some limitations need to be acknowledged in this
meta-analysis. First, a wide range of articles to identify
the role of HLA-DR3 and HLA-DR15 gene polymorphisms
in SLE development were included in our study, and
some specific differences existed within these articles
that may lead to a potential source of bias. Second, all
available articles in this study were published data;
there may be some relevant articles with insufficient
raw data or some unpublished studies with negative
results which were not identified in our meta-analysis.
Although no hints of publication bias were noticed in
this meta-analysis, publication bias cannot be excluded
absolutely. Third, although control groups of selected
articles in our meta-analysis were mainly healthy, some
specific genetic effects may exit. Moreover, it could not
be entirely ruled out that whether these genetic effects will
influence SLE incidence in the future. Fourth, although
significant heterogeneity of HLA-DR3 and HLA-DRI5
polymorphisms in different population was demonstrated
in this meta-analysis, several other reasons may account
for the heterogeneity, such as endocrine immunologic
and environmental factors. Thus, more functional studies
or meta-analyses should be performed to figure out this
question in the future. Fifth, based on our analyses of
ethnicity, matched status, and source of control groups, the
association of HLA-DR3 and HLA-DR15 polymorphisms
with lupus nephritis or other complications was not
included.

In summary, our findings indicate that HLA-DR3 and
HLA-DRI15 polymorphisms are significantly associated
with the risk of SLE. Based on ethnicity analysis, we further
found that the association between HLA-DR3 and SLE

was significant in White populations, while the association
between HLA-DR15 and SLE was significant in East Asian
populations. Our results enrich the repertoire of HLA genes
that have potential roles in the pathogenesis of SLE, and
we agree that more biological studies are needed to further
confirm these associations and explain different association
of different population.

Supplementary information is linked to the online version of
the paper on the Chinese Medical Journal website.
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Supplementary Figure 1: Sensitivity analysis of HLA. (a) Sensitivity
analysis of HLA-DR3; (b) sensitivity analysis of HLA-DR15.



