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Abstract

Objective: To estimate the common effect size of HLA-DRBI and -DQOBI alleles on systemic lupus erythematosus (SLE)
susceptibility across Latin America populations through a meta-analysis.

Methods: Case-control studies on HLA class II association with SLE in Latin America were searched up to August 2007. The
effect summary odds ratios (ORs) and 95% confidence intervals (Cls) were obtained by means of the random effect model.
Results: Eleven studies were selected, which included 747 cases and 1180 controls. Associations with SLE susceptibility were
found for HLA-DR2 (OR: 1.75; 95% CI: 1.40—2.19) and -DR3 (OR: 2.02; 95% CI: 1.44-2.83) groups. HLA-DRBI*0301 allele
disclosed the strongest association (OR: 2.14; 95% CI: 1.28-3.56). HLA-DR3-DQ2 haplotype was a risk factor (OR: 2.92; 95%
CIL: 1.66-5.14). A protective effect was found for the HLA-DRS group (OR: 0.43; 95% CI: 0.27—0.67), mainly due to a
negative association between HLA-DRBI*1101 allele and disease (OR: 0.21; 95% CI: 0.06—0.72). Functional analysis of
susceptibility and protective alleles revealed physicochemical differences of critical amino acids shaping the peptide-binding
groove at DRP chain allowing us to infer an approach to understand the role of HLA in SLE. No significant association was
established for HLA-DQBI alleles.

Conclusions: HLA-DRBI gene is a mayor factor for development of SLE in Latin Americans.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Systemic lupus erythematosus (SLE) is a prototype
of autoimmune diseases affecting predominantly
women. It is characterized by a multisystem organ
involvement because of dysregulation of self-reactive
B cells leading to autoantibody production, immune
complex deposition and complement activation with
tissue damage [1]. The pathogenic mechanism is due to
the interaction between genetic, immunologic, endo-
crine and environmental factors. The genetic compo-
nent of SLE is established by the high concordance
rates and familial aggregation of the disease. Disease
concordance rate is 2—5% and 24—58% for dizygotic
and monozygotic twins, respectively [2]. A recurrence
risk ratio as high as 29.0 demonstrates a strong family
risk [2].

1.1. Human Leukocyte Antigens (HLA) genes and SLE

The search for genes that predispose a person to
develop SLE has been done through association studies
of candidate genes and genome wide linkage analysis,
which has had measurable success in the past few
decades. Several independent genome scans in multi-
plex SLE families have identified a large number of
genomic regions that may contain susceptibility genes
[3]. Eight susceptibility loci have reached the threshold
for significant linkage, with confirmation in indepen-
dent cohorts: 1q23, 1q31, 1q41-42, 2q37, 4pl6, 6p21,
1224 and 16ql12-13 [2,3]. Genome wide meta-
analysis confirmed two suggestive regions on
6p21.1—ql5 and 20p11—q13.13 [3]. The major histo-
compatibility complex (MHC), at chromosome 6p21.3,
harbors a gene-reach and transcriptionally active
segment that encodes for immunologically important

genes, including the highly polymorphic HLA class I
and II genes. Alterations in the nature of antigen
presentation by HLA molecules to T helper cells lead to
abnormal T cell response, and may be one mechanism
by which these alleles contribute to pathogenic out-
comes in SLE [1]. It has been suggested that genes in the
HLA region represent the most important association
with this autoimmune disease, specially HLA-DRBI
and HLA-DQBI [2,4,5]. There are three HLA haplo-
types strongly linked to development of SLE in
Caucasians: 1) HLA-DRBI1*1501(DR2)-DOBI1*0602,
2) HLA-DRBI1*0301(DR3)-DOB1*0201 and 3) HLA-
DRBI1*0801(DR8)-DQBI1*0402 [2]. However, the risk
alleles and haplotypes may vary depending upon
ethnicity [2,6,7]. In addition, it has been suggested
that HLA class II alleles are more related to autoanti-
body subsets than to the disease itself [8,9].

The identification of candidate genes and the under-
standing of genetic influences will allow us to
comprehend the pathophysiology of this autoimmune
entity. There are few studies about the impact of HLA
class II polymorphisms on Latin American patients with
SLE, and some inconsistencies exist among them due to
genetic heterogeneity and small sample sizes. Meta-
analysis is a useful tool that allows us to synthesize and
combine data from various studies in order to improve
the statistical power of outcomes in populations with
important admixture as Latin America, in which
individuals differ according to ancestry population
component (Amerindian, European and African) [10].
The initial goal of this study was to examine the HLA-
DRBI and -DQOBI polymorphisms in a Colombian
population with SLE. We next sought to identify the
common class IT HLA alleles influencing SLE in Latin
Americans by carrying out a systematic revision of the
literature along with a meta-analysis of all case-control
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studies conducted to date, including ours, to estimate
their genetic contribution to disease susceptibility.

2. Materials and methods
2.1. Colombian cohort and genotyping

This cohort consisted of 99 SLE women patients and
100 healthy controls. All patients fulfilled four or more of
the ACR criteria for SLE [11] and were recruited at the
Clinical Immunology and Rheumatology Unit of the
“Clinica Universitaria Bolivariana-Corporacion para Inves-
tigaciones Biologicas”, in Medellin, Colombia. The mean
age+ SD of the patients was 34.7412.9 years. The controls
were selected from the geographic neighborhood of cases
and matched for age, sex, ethnicity, and socioeconomic
status. Additional characteristics of this cohort, and results
from genetic epidemiological studies in this cohort have
been described previously [12,13]. HLA typing was done
by reverse dot-blot hybridization of the PCR products
(Inno-LiPA assay, Innogenetics, Ghent, Belgium).

2.2. Search strategy

Electronic databases (MEDLINE, PUBMED,
SCIELO, BIREME and LILACS) were searched up to
August 2007 for all genetic association studies evaluat-
ing the HLA-DRBI and HLA-DQBI alleles and
haplotypes and SLE in humans in all languages. The
search strategy included MeSH terms and text words as
follows: “Lupus Erythematosus, Systemic”’[Major]
AND “Major Histocompatibility Complex”[Mesh] OR
“HLA-DR/DQ Antigens/genetics”[Mesh] OR “HLA-
DR/DQ Antigens/Immunology”[Mesh]. No other limits
were employed.

2.3. Study selection

Studies were selected if they met the following
conditions: diagnosis was established by means of the
American College of Rheumatology 1982 revised
classification criteria for SLE [11], data was collected
in Latin American surveys, the study had a case-control
design, it supplied enough information to calculate the
odds ratio (OR) and the manuscript was published in
peer-reviewed journals as full papers, not as an abstract
or similar type of summary.

2.4. Data extraction

The following information was collected from each
study: author, year of publication, study population,

HLA typing technique, total cases, total controls and
number of individuals by each genotype from both
tabular data and text. To make genotype data compar-
able, HLA-DRBI and -DQBI alleles were grouped
according to both HLA-DRBI and -DQBI positive or
negative alleles. Subsequently, serological specificities
for each allele reported at the 13th International
Histocompatibility Workshop and Conference were
used to group data from all studies [14]. This made it
possible to combine data from studies that used
molecular biology for HLA genotyping with informa-
tion extracted from studies that used serological
techniques for this purpose.

2.5. Statistical analysis

Calculations were carried out for each HLA-DRBI
and -DQOB] allele as well as for each DR and DQ group
according to serological specificities. For an estimate of
the effect size of haplotypes involving these alleles, we
grouped them as previously described and precluded
alleles from HLA-DQAI when this information was
available [15—18]. Allelic frequency was calculated as
the number of cases or controls harboring at least one
allele type (HLA-DRBI or HLA-DQBI) divided by the
total number of chromosomes included in each of the
corresponding groups. Data was analyzed using the
Comprehensive Meta-Analysis version 2 program
(Biostat, Englewood, NJ, 2004). The pooled OR in the
meta-analysis was performed by weighting individual
OR by the inverse of their variance. For each
polymorphism group, the summarized effect OR as
well as 95% confidence intervals (Cls) was obtained by
means of both the random and fixed effect models. The
random effect model was chosen because it assumes that
there is a distribution of true effect sizes rather than one
true effect and assigns a more balanced weight to each
study. Heterogeneity was calculated by means of the
Cochran’s Q test. Due to the low power of this statistical
test when meta-analysis includes a small number of
studies, Higgins’ test (/*) was used to measure the
degree of inconsistency in the results of the studies and
to describe the percentage of total variation across
studies that is due to heterogeneity rather than chance.
Adjectives of low, moderate and high were assigned to
I values of 25%, 50% and 75%, respectively [19]. To
assess publication bias, Funnel plots and the Egger’s
regression asymmetry tests were used.

The expected statistical power of each study to detect a
true association between SLE and HLA-DRBI alleles or
SLE and HLA-DQBI alleles, was calculated using PS
Power and Sample Size Calculations Version 2.1.31
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Table 1

Characteristics of individual studies included in meta-analysis

HLA-DRBI and -DQOBI polymorphisms associated with SLE DR alleles Haplotype Alleles®
DR2 I DR3 DRS HLA-DR3-DQ2 DRBI DQBI1
Study date Country TT Sample Patients Control Relative weight — Expected l)ower Relative weight ~ Expected power  Relative weight ~ Expected power  Relative weight — Expected power
size per a=0.05 E a=0.05E a=0.05 E 2=0.05 E(DR3-
case (DR2)"=0.08 (DR3)"=0.12 (DR5)*=0.23 DQ2)°=0.077
Fixed Random ¢=1.3 =24 Fixed Random ¢=1.7 =27 Fixed Random ¢=0.2 =06 Fixed Random ¢=1.4 Y=3.6
[71 Brasil 1€ 197 56 2.5 13.50  13.50 0.08 0.47 12.84 1226 0.25 0.7 21.45 16.51 0.87 0.21 NA NA NA NA NA NA
[16] Mexico 24 128 74 0.7 478 478 0.06 0.31 6.94 820 0.16 0.52 1031 12.30 0.8 0.2 17.54 17.54 0.07 0.63 NA *0303,
*0402
[15] Mexico 2 154 58 1.7 NA NA NA NA NA  NA NA NA NA NA NA NA 3423 3423 0.09 0.76 NA NS
[17] Mexico 2 180 81 1.2 10.18  10.18 0.08 0.46 10.11 10.60 0.24 0.71 12.03 13.22 0.91 0.25 NA NA NA NA *0802°¢, *1101¢, *0101, NA
*0301, *1406
[24] EEUU' 2 175 70 1.5 7.46  7.46 0.08 0.46 9.48  10.17 0.24 0.7 1122 1281 0.89 0.23 NA NA NA NA *0301, *0802 *0402
[20] Brasil® 2 355 47 6.6 13.95 13.95 0.1 0.52 10.68 10.97 0.28 0.73 1435 14.27 0.88 0.19 NA NA NA NA NA NA
Castafio et al. Colombia 2 199 99 1.0 17.53 17.53 0.08 0.5 1429 13.03 0.26 0.75 11.76  13.09 0.94 0.28 4822 4822 0.1 0.85 *0101, *0701°¢ *0302,
current *0501
[22] Mexico 2 185 107 0.7 1044 1044 0.07 0.43 9.03 985 0.22 0.69 17.83  15.51 0.91 0.27 NA NA NA NA NA NA
[23]h Mexico 1 180 80 1.3 10.67 10.67 0.08 0.48 15.06 13.41 0.25 0.72 NA NA NA NA NA NA NA NA NA NA
[18]" Mexico 2 180 81 12 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA *0802¢, *1101¢, *0101,  *0501
*0301, *1406
217 Mexico 2 174 75 1.3 1148 1148 0.08 0.45 11.56  11.52 0.24 0.7 1.05 229 0.9 0.24 NA NA NA NA NA NA
Total 1927% 747"
Heterogeneity ] df p-value 12 (o] df p-value 12 ¢} df p-value 12 o] df p-value 12
7.3 8 0.5 0.0% 1297 8 0.11 383% 155 7 0.03 549% 141 2 0.49 0.0%

NA: information not available from published data, NS: statistically not significant (p>0.05), SLE: systemic lupus erythematosus, Q: Cochran’s test, /*:

typing technique.

 Statistically significant association.

Higgins’ test, df: degree of freedom, TT:

® The expected probability of exposure in controls is 0.08, 0.12, 0.23 and 0.077 for HLA-DR2, -DR3, -DR5 and -DR3-DQ2 haplotype, respectively. Data estimated from the average allelic
frequency across all studies included in each analysis.
¢ 1:Typing by serologic method (microlymphocytotoxicity).
4 2: Typing by molecular biology techniques (PCR-SSO, PCR-SSOP or PCR-SSOP reverse dot blot).

¢ Protective factor.

" Hispanic individuals from Texas, who are members of LUMINA group.
€ Only Caucasian descent individuals included in the meta-analysis, seven African descent patients and one Asian were excluded from analysis.

" Allelic frequencies of cases were estimated adding the number of SLE patients (aCL positive and aCL negative) carrying each DR and DQ allele.
! Data from this study was used only in HLA-DQBI alleles and DQ skrological specificity groups analysis, results of HLA-DRBI alleles are equal to [17] study.
I Allelic frequencies were estimated only for healthy controls and SLE patients, data on rheumatoid arthritis and rhupus patients were excluded.
X Individuals from [18] study were excluded from the equation because they constituted the same sample used in [17] study.

0£6-22€ (8007) £ M1y Spununutonyy / v 12 ZonSLpoy-ouvisn) N

Y43


https://www.researchgate.net/publication/11865725_Class_II_allele_and_haplotype_frequencies_in_Mexican_systemic_lupus_erythematosus_patients_The_relevance_of_considering_homologous_chromosomes_in_determining_susceptibility?el=1_x_8&enrichId=rgreq-76faae9e-19a6-476b-b89f-778c31a07953&enrichSource=Y292ZXJQYWdlOzU1NTU5NTM7QVM6OTkzNDI2MzEzMDkzMjRAMTQwMDY5NjUzODUzNw==
https://www.researchgate.net/publication/11865725_Class_II_allele_and_haplotype_frequencies_in_Mexican_systemic_lupus_erythematosus_patients_The_relevance_of_considering_homologous_chromosomes_in_determining_susceptibility?el=1_x_8&enrichId=rgreq-76faae9e-19a6-476b-b89f-778c31a07953&enrichSource=Y292ZXJQYWdlOzU1NTU5NTM7QVM6OTkzNDI2MzEzMDkzMjRAMTQwMDY5NjUzODUzNw==
https://www.researchgate.net/publication/6911868_Influence_of_alleles_and_haplotypes_of_main_histocompatibility_complex_on_the_susceptibility_to_systemic_lupus_erythematosus_in_Mexican_population?el=1_x_8&enrichId=rgreq-76faae9e-19a6-476b-b89f-778c31a07953&enrichSource=Y292ZXJQYWdlOzU1NTU5NTM7QVM6OTkzNDI2MzEzMDkzMjRAMTQwMDY5NjUzODUzNw==

326 N. Castaiio-Rodriguez et al. / Autoimmunity Reviews 7 (2008) 322—-330

Model Study name Subgroup within study Statistics for each study 0Odds ratio and 95% Cl
Odds Lower Upper
ratio limit limit
Cortes et al. 2004 DR3 1,637 0602 4,454 0,334 — .
Muchinechi et al.1998 DR3 1,720 0824 3589 0,148 +l—
Vargas-Alarcon et al. 2001 DR3 2625 1,146 6,014 0,023 ——
Reveille et al. 1998 DR3 2680 1,139 6,308 0,024 ——
Liphaus et al, 2002 DR3 0,557 0,249 1,247 0,155 —
Simon et al. 2002 DR3 2,466 1,135 5354 0,023 ——
Castafio et al. Current DR3 2,699 1,344 5420 0,005 ——
Vargas-Alarcén et al. 2000 DR3 2439 1015 5863 0,046 —_—
Granados et al. 1997 DR3 2818 1429 5558 0,003 ——
Fixed 2,044 1,571 2,661 0,000 L 2
Random 2,024 1444 2,838 0,000 2
0,01 0,1 1 10 100
Protective Factor Risk Factor
Cortes et al. 2004 DR2 3,034 1,096 8402 0,033 ——
Muchinechi et al.1998 DR2 2441 1,331 4475 0,004 —-
Vargas-Alarcom et al. 2001 DR2 1,817 0904 3652 0,094 ——
Reveille et al. 1998 DR2 1421 0628 3211 0,399 —_-—
Liphaus et al. 2002 DR2 1,156 0,637 2,099 0,633
Simon et al. 2002 DR2 1811 0939 3494 0,077
Castario et al. Current DR2 1,237 0,726 2,105 0,434
Vargas-Alarcon et al. 2000 DR2 2427 1218 4835 0012 —E—
Granados et al. 1997 DR2 2176 1,100 4,305 0,025 ——
Fixed 1,754 1,404 2,191 0,000 L 4
Random 1,754 1,404 2,191 0,000 *
0,01 0,1 1 10 100
Protective Factor Risk Factor
Cortes et al. 2004 DR5 0,639 0261 1564 0,327
Muchinechi et al.1998 DR5 0,183 0,098 0,339 0,000 ——
Vargas-Alarcon et al. 2001 DR5S 0,588 0,257 1,347 0,209
Reveille et al. 1998 DR5 0,342 0,145 0807 0014 ——
Liphaus et al. 2002 DRS5 0,557 0,261 1,190 0,131
Simon et al. 2002 DR5 0,026 0002 0433 0,011
Castafio et al. Current DR5 0631 0273 1,458 0,281
Vargas-Alarcon et al. 2000 DR5 0,662 0335 1,308 0,235
Fixed 0430 0322 0573 0,000 &
Random 0,434 0277 0679 0,000 -
0,01 0,1 1 10 100
Protective Factor Risk Factor
Cortes et al. 2004 HLA DR 3-DQ2 1429 0372 5481 0,603
Bekker-Mendez et al. 1998 HLA DR 3-DQ2 3049 1,165 7,985 0,023 —a—
‘ Castafio et al. Current HLA DR 3-DQ2 3689 1640 8302 0,002 —_—
Fixed 2926 1666 5140 0,000 <>
Random 2926 1666 5140 0,000 s
0,01 0,1 1 10 100
Protective Factor Risk Factor
Vargas-Alarcén et al. 2001 DRB1°0301 2,625 1,146 6,014 0,023 _._
Reveille et al. 1998 DRB1*0301 2,481 1,043 5,902 0,040 .
Castafio et al. Current DRB1*0301 1,315 0,490 3,530 0,587
Fixed 2,137 1,281 3,567 0,004 ‘
Random 2437 1281 3567 0,004 <o

0,01 0,1 1 10 100
Protective Factor Risk Factor

Fig. 1. Forest plots for meta-analysis of HLA-DRBI alleles, HLA-DR serological specificity groups and HLA-DR-DQ haplotypes. The common
effect size, odds ratios, with 95% confidence intervals were calculated by the Mantel-Haenszel method. The filled squares represent the studies in

relation to their weights.



N. Castaiio-Rodriguez et al. / Autoimmunity Reviews 7 (2008) 322-330 327

(Copyright© 2004 by William D. Dupont and Walton D.
Plummer, Vanderbilt Biostatistics, Nashville, TN). We
use the 0.05 level of significance, expecting an OR of
exposure in cases relative to controls of 1.3 and 2.4 for
HLA-DR2; 1.7 and 2.7 for HLA-DR3; 0.22 and 0.63 for
HLA-DRS5; and 1.42 and 3.68 for HLA-DR3-DQ2. These
ORs represented the 25 and 75 quartiles of the distribution
of effect sizes for each allele, group or haplotype.

3. Results
3.1. Studies included

Search strategy allowed us to identify 299 studies for
potential inclusion in the meta-analysis. From this large
number, only 23 studies were selected and retrieved for
detailed evaluation given that they were association
studies in Latin American populations. Finally, eleven
studies carried out on HLA-DRBI and -DQOBI polymorph-
isms in relation to susceptibility to SLE fulfilled inclusion
criteria: 1) 9 studies were included in meta-analysis of
HLA-DRBI polymorphism, 2) 6 studies were included
in HLA-DQBI1 polymorphism analysis and 3) 4 studies
were included in haplotype analysis (Table 1). Two of
these studies were conducted on Brazilians [7,20], 7 on
Mexicans [15-18,21-23], one on Mexican Americans
[24] and one on Colombians (current study) (Table 1).

3.2. Study quality

Funnel Plot and Egger’s regression tests allowed us
to conclude that there is no evidence of publication bias
in this meta-analysis (for HLA-DRS the t-value was
0.59, degrees of freedom (df)=6, p=0.57; for HLA-
DR2 the ft-value was 1.63, df=7, p=0.14; for HLA-
DR3 the t-value was 0.6, df=7, p=0.56; and for HLA-
DR3-DQ2 haplotype the t-value was 9.04, df=1,
p=0.07).

A total of twelve studies were excluded from our
analysis. Three of these were not included because they
all used the LUMINA sample as did Reveille et al.’s
study [25—27] and another three due to lack of sufficient
data reported in the text or tables for estimating effect
size [28-30]. Another two studies were excluded
because they represented an isolated population in
Latin America [6,31], and one of them had methodolo-
gical inconsistencies [31]. Three Brazilian studies did
not meet the inclusion criteria. One did not meet the
requirements for the study design [32], and the other two
had sample sizes that were markedly small and limited
HLA genotyping, since it was carried out only on
patients with specific clinical manifestations [33,34].

Finally, a study on cytokine gene polymorphisms in
Colombian patients with SLE mentioned HLA-DRBI
typing but it did not report complete and accurate data to
estimate the effect size [35].

3.3. Association between HLA-DRBI and -DQBI
alleles with SLE

An association between DR2 (OR: 1.75, 95% CI:
1.40-2.19, p=0.000001), DR3 (OR: 2.02, 95% CI:
1.44-2.83, p=0.0004) and DRS (OR: 0.43, 95% CI:
0.27-0.67, p=0.0003) serological specificity groups
and SLE was demonstrated (Fig. 1). Under both, fixed
and random effect models, HLA-DRBI*0301 showed
an OR of 2.14 (95% CI: 1.28-3.56, p=0.004). We
found HLA-DRB1*1101 to have a protective effect with
an OR of 0.21 (95% CI: 0.06—0.72, p=0.01) [9,17]. Our
analysis also suggests that HLA-DRBI1*1501 could be
another risk allele for SLE susceptibility (OR: 1.80, 95%
CI: 0.99-3.28, p=0.05) [9,17]. No statistically sig-
nificant association was established for any of the 12
HLA-DQBI alleles or serological specificities at this
group. Analysis of haplotypes showed that HLA-DR3-
DQ2 (OR=2.92, 95% CI: 1.66-5.14, p=0.0001) is a
risk factor for SLE in Latin Americans (Fig. 1).
Heterogeneity was not observed in the DRBI*0301
(0=1.28, p-value=0.53, ’=0%) or *1101 (0=0.03,
p-value=0.86, I=0%) alleles analysis. Similarly,
HLA-DR2 group and -DR3-DQ2 haplotype meta-
analysis did not demonstrate heterogeneity in contrast
with HLA-DR3 and -DRS5 serological analysis of
specificity groups (Table 1).

Under a fixed model, HLA-DR7 allele (OR: 0.69,
95% CI: 0.54-0.88, p=0.003), HLA-DR2-DQI1 (OR:
2.15, 95% CI: 1.26-3.66, p=0.005) and -DR4-DQ3
(OR: 1.49, 95% CI: 1.04-2.12, p=0.03) haplotypes
showed an association with SLE. Nevertheless, these
analyses proved to have high heterogeneity (for HLA-
DR?7 there was a Q of 41.84, p=0.00001, 12=80.88%;
for HLA-DR2-DQI1 there was a Q of 7.48, p=0.02,
I?=73.28%; and for HLA-DR4-DQ3 there was a Q of
2.62, p=0.27, I*=23.68%). Thus, these results should
not be taken as conclusive outcomes. Meta-analysis for
another 16 HLA-DRBI alleles, 6 HLA-DR serological
specificity groups and 7 haplotypes were carried out but
they did not show any statistical effect.

4. Discussion
Polymorphism in genes at the MHC region represents

a major susceptibility factor for SLE, specially HLA-
DRBI and HLA-DQBI [2,4,5]. The current meta-analysis
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A
Pocket 1 Pocket 4 Pocket 9
Association Population [ref] Allele R86 R70 R71 R37
Risk Asian [40] *15012 Val Gin Ala Ser
Caucasian [1,5] *1501° Val Gin Ala Ser
Afro American [2] *1503 Val GIn Ala Ser
Caucasian [1,2] *0301 Val GIn Lys Asn
Latin American® *0301 Val Gin Lys Asn
Protection Caucasian [5] *0701 Gly Asp Arg Phe
Latin American®® *0701 Gly Asp Arg Phe
Latin American® *1101 Gly Asp Arg Tyr
B

HLA-DRB1*0301

HLA-DRB1*1101

Fig. 2. HLA-DRBI alleles associated with SLE in different populations. A. Functional analysis of susceptibility and protective molecules reveals
physicochemical differences of critical amino acids residues shaping the peptide-binding groove in the DR chain. Glycine is a smaller residue as
compare to valine, which would restrict the size of the antigenic peptide side chain. Glutamine is a neutral amino acid residue, in contrast to the acidic
and polar aspartic acid, influencing the anchor of the auto-antigen to the molecule in an opposite way. Protective alleles encode an arginine residue
which is the strongest basic residue. Risk alleles determine the presence of a neutral (alanine) or less basic (lysine) residue at position 371. The
polymorphic position 337 is shaped by aromatic amino acids (phenylalanine or tyrosine) encoded by the protective alleles, conferring a bigger motif
than the residues associated with increased risk (serine or asparagine). *As part of an extended haplotype, Presults of the current meta-analysis, by the
fixed model (see text for details). B. A model of peptide-binding groove at HLA-DRBI molecules encoded by involved alleles in Latin American
individuals with SLE. Enhanced amino acids correspond to polymorphic residues at pocket 1 (position p86), pocket 4 (positions 370 and p71) and

pocket 9 (position 337). The figure was generated using Ribbons v.3.0 [39].

indicates that HLA-DRB1*0301 is associated with SLE
susceptibility in Latin Americans. Analysis of serological
specificities shows that not only HLA-DR3 but also HLA-
DR2 groups are also risk factors. Furthermore, common
effect size of HLA-DR3-DQ2 haplotype showing a
positive association was statistically significant. This
haplotype is one of the three that is strongly linked to the
development of SLE in Caucasian individuals [2,8]. A
protective effect was found for HLA-DRS group, mainly
due to a negative association between DRBI*1101 allele
and disease. The HLA-DR7 group has also been

described as a protective factor [5]. In this meta-analysis,
the results obtained for HLA-DR7 alleles were statisti-
cally significant under the fixed model but high hetero-
geneity was found by means of /2. No HLA-DQBI alleles
showed a significant deviation from the control group in
this sample. Genotyping techniques must be taken into
consideration because these methodologies have different
sensitivities, which could hinder an effective comparison
between the studies. However, only two studies included
in this meta-analysis used microlymphocytotoxicity to
determine HLA serological specificities (Table 1).
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Clinical implications of HLA class II alleles have been
elucidated such as that DR2 and DR3 allele carriers present
an increased prevalence of lupus nephritis [4]. Latin
American Mestizos SLE patients have more renal and
myocardial involvement as compared to Caucasians from
Latin America, as well as a higher level of disease activity
[36]. Our results indicate that Latin Americans carrying the
HLA-DR2 and -DR3 groups have arisk of developing SLE
that is, respectively, 1.75 and 2.02 fold higher than non-
carriers. Further studies in stratified samples (i.e. by lupus
nephritis, by a particular antibody, etc.) might be useful in
elucidating the effect of genotype on the subphenotypes.

The functional implications based on the physicochem-
ical properties of residues encoded by susceptibility and
protective alleles allow us to infer an approach to
understand the mechanistic basis of the role of HLA in
SLE (Fig. 2) [37—40]. Noteworthy, certain polymorphic
residues at pockets 1 (386),4 (370, 71)and 9 (B37) of the
DR chain shaping the binding groove encoded by the
HLA class II alleles that were significantly associated to
disease in this meta-analysis can be grouped by their
physical and chemical properties. Both alleles associated to
increased susceptibility in the current work, HLA-
DRB1*0301 and -DRB1*1501, and the previously reported
risk alleles in other populations (HLA-DRBI*1501 in
Asians and Caucasians; and HLA-DRBI1*1503 in Afro-
American individuals) [2,6,7] encode a valine at position
386 [37]. In contrast, protective alleles such as HLA-
DRB1*0701 and -DRBI1*1101 encode a glycine at this
position. The specificity of pocket 1 is modulated by this
dimorphism (Val/Gly 386) [37]. At pocket 4, risk alleles
mentioned above encode a glutamine at position 370,
while protective alleles encode an aspartic acid at B70.
Additionally, HLA-DRBI1*0701 and -DRBI1*1101
encode an arginine at position 371. This amino acid
is polar and strongly basic in contrast to alanine and
lysine, which are encoded by risk alleles HLA-DRB1*1501
and -DRBI1*0301, respectively (Fig. 2). These two
positions, 370 and (71, are at pocket 4 and exert a
major influence on the binding of antigenic peptides and
the subsequent recognition by T cells [38]. The amino acid
at the position 337 is an important residue located in pocket
9. Risk alleles, HLA-DRBI1*1501 and -DRBI*0301,
determine the presence of polar amino acids (serine and
asparagine, respectively), whereas protective alleles, HLA-
DRB1*0701 and -DRBI1*1101, are responsible of the
expression of large, aromatic and non-polar amino acids at
this position (phenylalanine and tyrosine, respectively)
(Fig. 2). In summary, differences in the nature of critical
amino acid side chains might be related to the risk or
protection conferred by HLA-DRB1 alleles associated with
SLE.

Acknowledgments

We are grateful to all the participants of this study,
to Paula Correa for technical assistance and to
Franscisco J. Diaz for his fruitful comments. This
study was financed by the “Fundacion para la
Promocion de la Investigacion y Tecnologia”, Bogota,
Colombia, and the Fernando Chalem Rheumatology
Award to J-M A.

Take-home messages

e HLA-DR2 and -DR3 groups confer susceptibility to
SLE and increase the risk in Latin Americans of
developing this autoimmune disease 1.75 and 2.02,
respectively. HLA-DR3-DQ2 haplotype carriers
have 2.93 increased fold risk to develop SLE than
non-carriers.

® The HLA-DRBI*0301 allele is involved in suscept-
ibility to SLE in Latin Americans while the HLA-
DRB1*1101 allele is a protective factor in this
population.

e Functional analysis reveals physicochemical differ-
ences of certain amino acids residues shaping the
peptide-binding groove at DR chain according to
susceptibility and protection alleles.
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