
Autoimmunity Reviews 9 (2010) 666–673

Contents lists available at ScienceDirect

Autoimmunity Reviews

j ourna l homepage: www.e lsev ie r.com/ locate /aut rev
Review

HLA-Class II in Latin American patients with type 1 diabetes

Adriana Rojas-Villarraga ⁎, Diana Botello-Corzo, Juan-Manuel Anaya
Center for Autoimmune Diseases Research (CREA), School of Medicine and Health Sciences, Universidad del Rosario, Bogotá, Colombia
⁎ Corresponding author. Center for Autoimmune Disea
Medicine and Health Sciences, Universidad del Rosario,
63C-69 Bogotá, Colombia. Tel.: +57 1 349 9650; fax: +

E-mail address: adrirojas@gmail.com (A. Rojas-Villa

1568-9972/$ – see front matter © 2010 Elsevier B.V. A
doi:10.1016/j.autrev.2010.05.016
a b s t r a c t
a r t i c l e i n f o
Article history:

Received 5 May 2010
Accepted 17 May 2010
Available online 23 May 2010

Keywords:
Type 1 diabetes
HLA
Latin America

Objective: To identify and estimate the common effect size of HLA-Class II contributing to susceptibility on
T1D in Latin America (LA) through a meta-analysis.
Methods: A systematic review of the literature searching for all HLA-Class II alleles and susceptibility for T1D
case–control studies performed in LA was made up to October 2009. Effect summary ORs and 95% CI were
obtained by means of the random effect model. A prediction model that identifies peptides binding to HLA-
DR alleles that were significantly associated with T1D throughout the meta-analysis was done.
Results: 21 studies were included (1138 cases and 1920 controls). DRB1*0301 (OR: 9.65; 95% CI: 5.69–16.36;
pb0.0001), DRB1*1201 (OR: 4.84; 95% CI: 1.97–11.91; p=0.001), DQB1*0302 (OR: 4.58; 95% CI: 3.36–6.26;

pb0.0001), DQA1*0301(OR: 3.02; 95% CI: 1.37–6.65; p=0.0059) and DQB1*0602 (OR: 0.19; 95% CI: 0.11–
0.33; pb0.0001), DRB1*14 (OR: 0.18; 95% CI: 0.06–0.55; p=0.0024), and DQB1*0501 (OR: 0.47; 95% CI:
0.26–0.83; p=0.0097) were the most significant alleles associated with T1D. DRB1*0301-DQA1*0501-
DQB1*0201 (OR: 13.50; 95% CI: 3.85–47.28; pb0.0001) and DRB1*1301-DQB1*0603 (OR: 0.25; 95% CI: 0.1–
0.65; p=0.004) were the most significant risk and protective haplotypes associated, respectively. There
were peptides binding to significantly HLA-DRB1 alleles and haplotypes found through the meta-analysis
from islet cell protein tyrosine phosphatase and glutamic acid decarboxylase.
Conclusions: These results strengthen the effect of HLA-Class II on T1D in LA similar to Caucasians regardless
of the latitudinal gradient and admixture. The shared chemical characteristics in critical pockets could
explain the predisposition to present a “diabetogenic peptide” to T cells in this population.

© 2010 Elsevier B.V. All rights reserved.
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1. Introduction

Type 1 diabetesmellitus (T1D) is a chronic diseasemost frequently
presented in the childhood [1,2]. It is classified into type 1B
(idiopathic) and 1A diabetes mellitus, which is mediated through
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Fig. 1. Flowchart of included studies.
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the immune system [3,4]. In T1D 1A, a genetically susceptible
individual presents loss of tolerance to the pancreatic islet tissue
triggered by environmental factors [5] and develops a progressive,
immune-mediated destruction of pancreatic islet β cell, [3–6]. T1D is
considered a multifactorial condition with complex interactions
between genetic and environmental factors [1,3,7]. Its reported
familial aggregation is close to 15 without any specific inheritance
mode [3] but with an increased prevalence in the siblings of patients
when compared to the general population [1,6]. First-degree relatives
are more predisposed to developing T1D and to having a higher
proportion of autoantibodies compared to the general population [8].
The concordance betweenmonozygotic twins is between 30% and 50%
[2] compared to the concordance between dizygotic twins which is
b13% [2]. All of these arguments highlight the genetic component of
the disease.
There are many genes involved in the development of T1D.
Candidate gene studies carried out over a number of years identified
four non-HLA T1D risk loci: INS, CTLA4, PTPN22 and IL2RA1 [9] but,
results from linkage and association studies in T1D have long
supported a model in which the major risk factor for T1D resides in
the HLA region on chromosome 6p21 [1–3,9,10]. There is evidence
showing that 40%–50% of the inherited susceptibility for the disease is
contributed by HLA-DR–DQ [4]. Numerous studies have been done on
the effect of the HLA-DR–DQ alleles, haplotypes, and genotypes on
predisposition [11]. The HLA haplotypes that are the most frequently
reported as involved in the susceptibility to T1D as risk factors are
DRB1*0301-DQB1*0201, DRB1*0301-DQA1*0501-DQB1*0201, and
DRB1*0401-DQB1*0302 [11]. The alleles that are the most frequently
reported risk factors are DRB1*0301, DRB1*0401 [5], DPB1*0301[12]
and DQA1*0301 [5]. At the same time, the DRB1*1501-DQB1*0602



Table 1
Individual characteristics of the studies included in the meta-analysis.

Study Country Risk alleles

DR alleles DQ and DP alleles

Allelic frequency DRB1*0301 DRB1*0405 DRB1*1201 DRB1*0402 DRB1*0401 DQA1*0301 DQA1*0501 DQB1*0302

Cases Controls ψ=9.65
Random

ψ=6.31
Random

ψ=4.84
Random

ψ=3.24
Random

ψ=3.90
Random

ψ=3.02
Random

ψ=2.84
Random

ψ=4.58
Random

p=0.0000 p=0.0003 p=0.001 p=0.008 p=0.0026 p=0.0059 p=0.002 p=0.000

OR OR OR OR OR OR OR OR

Caputo M et al. Argentina 140 158 NA NA NA NA NA NA NA 8.44
Krochik AG et al. Argentina 158 158 NA NA NA NA NA NA NA 516.11
Marques S et al. Brazil 82 198 NA NA NA NA NA NA NA NA
Hauache OM et al. Brazil 252 150 NA 4.80 NA 4.00 9.25 NA NA NA
Fernandes A et al.a Brazil 128 362 7.22 2.47 NA 2.18 1.94 NA NA 4.92
Rassi DM et al., 2006b Brazil 44 240 NA NA NA NA NA NA NA NA
Rassi DM et al., 2006c Brazil 12 12 1.00 0.31 NA NA 9.21 NA NA 1.00
Perez-Bravo F et al., 1995 Chile 126 148 NA NA NA NA NA 2.30 1.90 2.64
Perez-Bravo F et al., 1996 Chile 126 148 NA NA NA NA NA 2.30 1.90 2.64
Díaz N et al.d Chile 114 250 NA NA NA NA NA 2.07 3.23 3.36
Perez-Bravo F et al., 1998 Chile 28 148 NA NA NA NA NA 0.57 7.08 1.94
Montoya F et al. Colombia 52 112 22.28 130.97 5.27 1.33 1.78 NA 20.83 6.58
Heward JM et al. Jamaica 72 158 NA NA NA NA NA NA NA 14.36
Mijovic CH et al. Jamaica 74 164 NA NA NA NA NA 27.66 1.39 14.81
Erlich HA et al., 1996 Mexico 84 450 NA NA NA NA NA NA NA NA
Erlich HA et al., 1993 Mexico 84 462 8.13 7.80 1.82 5.85 17.07 NA NA 5.60
Gorodezky C et al. Mexico 274 170 14.16 57.50 NA 28.11 NA NA 0.94 3.98
Sanjeevi CB et al. Mexico 70 78 NA NA NA NA NA 3.94 NA 4.15
Cruz TD et al. Puerto Rico 182 164 NA NA NA NA NA NA NA NA
Mimbacas A et al., 1998 Uruguay 30 30 NA NA NA NA NA NA NA 1.50
Mimbacas A et al., 2003 Uruguay 144 80 NA NA NA NA NA NA NA 6.38
Heterogeneity Q Q Q Q Q Q Q Q

7.24 14.06 0.38 6.64 6.43 50.13 54.70 43.28
p-value p-value p-value p-value p-value p-value p-value p-value
0.124 0.015 0.530 0.156 0.169 0.000 0.000 0.000
df df df df df df df df
4 5 1 4 4 5 6 15
I2 I2 I2 I2 I2 I2 I2 I2

44.8 64.4 0.0 39.8 37.8 90.0 89.0 65.3

NA: information not available from published data, Q: Cochran's test, I2: Higgins' test, df: degree of freedom, ψ: OR.The OR from the random model is shown including studies with
significant heterogeneity.
a 100 cases/128 controls for DQA.
b 35 cases/240controls for DQB.
c Microarrays 2006.
d 114 cases/242 controls for DQB.
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haplotype is the most common protective factor [11]. The magnitude
of their influence varies depending on the haplotype or allele carried
[1,3,4,13].

Data from different parts of the world depict a latitudinal gradient
in the incidence of T1D, meaning that rates could increase with
distance from equator and inversely with ultraviolet radiation [1,14].
Latin America (LA) is considered a low T1D incidence area [2,5,15].
The ethnic composition of its population changes from one country to
another [16] with a majority of them sharing a Spanish genetic
background. This Spanish-Mestizo population ranges from 60 to 80%
in Mexico, Colombia, Venezuela, Paraguay, Chile, Peru and Ecuador to
less than 15% in Uruguay and Argentina [16]. In some Latin American
areas, the native population is relatively unmixed [16]. All those facts
speak of the rich and unique ethnic composition of the LA population.
It is striking that in those unmixed, native populations there are few
reported cases of T1D compared to the Chilean and Argentine
Caucasian populations, which have a clear European background
with a minimum of ethnic mixing and show an incidence of T1D that
is similar to that reported in their ancestors' countries of origin [16].

Considering those factors and the lackof an individual studywith the
statistical power to determine theHLA related risk andprotection alleles
in the LA population that shares a unique genetic background which is
the product of the racial mixing that has been occurring in our region as
a consequence of migrations in the last 600 years, we examined the
different HLA-Class II alleles and haplotypes identified as common
contributors to T1D in studies done within our population through a
systematic review of the literature followed by a meta-analysis.

2. Materials and methods

2.1. Search strategy and selection criteria

A systematic review of electronic databases (MEDLINE, PubMed,
SciELO, BIREME, EMBASE, Cochrane and LILACS) was done indepen-
dently by two experts. The final date for inclusion was October 2009.
The search only included publications on HLA-Class II alleles and
susceptibility to T1D in LA published in any of these three languages:
Spanish, English or Portuguese. The search strategy used MeSH terms
and the text words: “Type 1 Diabetes” [Major], “Autoimmune
Diabetes” [Major] and HLA-DR/DQ antigens in combination with all
LA countries, including Caribbean islands [MeSH]. For the search in
the Spanish and Portuguese databases, the DeCS terms (Descriptores
en Ciencia de la Salud): “Diabetes Mellitus Tipo 1,” “Antígenos HLA”
and “Complejo Mayor Histocompatibilidad” were used. No other
criteria were taken into account.

The inclusion criteria were the following: 1) T1D diagnosis
established using American Diabetes Association (ADA) or World
Health Organization (WHO) criteria [17,18]; 2) If T1D diagnosis criteria



Table 1
Individual characteristics of the studies included in the meta-analysis.

Risk alleles Protective alleles

DQ and DP alleles DR alleles DQ and DP alleles

DQB1*0201 DPB1*0301 DRB1*11 DRB1*13 DRB1*14 DRB1*15 DQA1*0101 DQB1*0501 DQB1*0602 DQB1*0603 DPB1*0402

ψ=3.44
Random

ψ=3.66
Random

ψ=0.29
Random

ψ=0.36
Random

ψ=0.18
Random

ψ=0.37
Random

ψ=0.401
Random

ψ=0.46
Random

ψ=0.16
Random

ψ=0.32
Random

ψ=0.55
Random

p=0.000 p=0.0057 p=0.000 p=0.000 p=0.0024 p=0.0004 p=0.051 p=0.0097 p=0.0000 p=0.025 p=0.0142

OR OR OR OR OR OR OR OR OR OR OR

7.05 NA NA NA NA NA NA NA 0.18 NA NA
309.12 NA NA NA NA NA NA NA NA NA
NA NA 0.22 0.65 0.12 0.61 NA NA NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA NA 0.22 0.31 0.16 0.32 NA NA 0.13 NA NA
NA NA 0.22 0.47 0.27 0.22 NA NA NA NA NA
3.57 NA NA NA NA NA NA NA 0.11 0.17 NA
NA NA NA NA NA NA 0.25 0.45 0.15 NA NA
2.05 NA NA NA NA NA 0.25 0.45 0.15 NA NA
2.19 NA NA NA NA NA NA NA NA NA NA
3.69 NA NA NA NA NA 0.22 0.30 0.16 NA NA
6.19 NA NA NA NA NA 3.31 0.09 0.56 0.09 NA
0.41 NA 0.71 0.20 0.31 0.43 NA 1.79 0.10 NA
4.81 NA NA NA NA NA 0.21 0.31 0.12 1.11 NA
NA 5.86 NA NA NA NA NA NA NA NA 0.44
4.88 NA NA NA NA NA NA 1.36 0.36 0.92 NA
4.30 NA NA NA NA NA 0.39 0.37 NA NA NA
NA NA NA NA NA NA NA NA NA NA NA
NA 2.29 NA NA NA NA NA NA NA NA 0.71
2.98 NA NA NA NA NA NA NA NA 0.17 NA
1.94 NA NA NA NA NA NA 0.24 0.19 NA NA
Q Q Q Q Q Q Q Q Q Q Q
47.07 3.57 3.94 2.34 0.30 1.37 42.61 31.65 3.72 7.49 1.42
p-value p-value p-value p-value p-value p-value p-value p-value p-value p-value p-value
0.000 0.059 0.414 0.505 0.961 0.713 0.000 0.000 0.882 0.187 0.233
df df df df df df df df df df df
13 1 4 3 3 3 5 8 8 5 1
I2 I2 I2 I2 I2 I2 I2 I2 I2 I2 I2

72.4 72.0 0.0 0.0 0.0 0.0 88.3 74.7 0.0 33.2 29.7
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mentioned in numeral 1 were not used or another criteria were used,
the articlemustmention the following: the patients were ketosis-prone
having presented with either frank ketoacidosis or severe symptoms of
short duration and were continuously dependent on insulin from
diagnosis or serological evidence of an autoimmune pathologic process
or evidence of pancreatic islet beta-cell destruction; 3) case–control
design of the study; 4) use of molecular techniques to determine HLA
polymorphisms; 5) publication of sufficient information to calculate
OddsRatios (OR); 6)being focusedonawell defined LApopulation, and;
7) manuscript's publication in a peer-reviewed journal as a full paper.
Summaries or abstracts were not accepted.

2.2. Data extraction

The following information was collected from each study: author,
year of publication, a detailed description of ethnicity in the population
studied, country of publication, HLA typing technique used, diagnosis
criteria for T1D, Hardy–Weinberg (HW) test information (if available),
and total number of cases, controls, individuals and/or alleles per
genotype reported in tables as well as in the manuscript text.

2.3. Meta-analysis

Data were analyzed using the Comprehensive Meta-Analysis
version 2 program (Biostat, Englewood, NJ, 2004). Calculations were
carried out for each HLA-DRB1 and HLA-DQ allele using high
resolution based on information available in each article. ORs were
grouped by weighing individual OR by the inverse of their variance.
For each allele, the final effect OR and 95% Confidence Interval (CI)
were obtained by means of both random and fixed effect models. The
selection of the computational model was done based on the
expectation that the studies shared a common effect size. The random
effect model was preferred because it assumes that there is a distri-
bution of true effect sizes rather than one true effect and assigns a
more balanced weight to each study. It was also used because all the
studies were considered to be functionally unequal. Moderator
variables (categorical) were used for grouping by that variable,
measuring the effect size in two groups of outcomes as well as
comparing the summary for each group and summaries across all
studies. The categorical moderator variables included were: popula-
tion included, criteria used and technique applied. Heterogeneity was
calculated by means of Cochran's (Q) and Higgins's (I2) tests. The I2

test showed the proportion of observed dispersion that was real
rather than spurious and was expressed as a ratio ranging from 0% to
100%. I2 values of 25%, 50% and 75% were qualitatively classified as
low, moderate and high respectively. A significant Q-statistic
(pb0.10) indicated heterogeneity across studies. Publication bias
was determined using Funnel plots and Egger's regression asymmetry
tests. Meta regression analysis was done to estimate the impact of
continuous studymoderators onoverall heterogeneity (ageof diagnosis).
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2.4. Peptide-HLA alleles prediction

The IMGT/HLA Database (http://www.ebi.ac.uk/imgt/hla/) allele
query formwas used to search for the protein sequence for each allele
significantly associated with T1D throughout the meta-analysis and
then, the specific characteristics of the amino acids located in critical
positions of each pocket (DQ/DR) were explored. Ethnic origins of
each significantly associated allele were also described by the same
database. The homo sapiens protein sequence of the main candidates
for autoimmunity in T1D was sought by using PubMed protein tool
(http://www.ncbi.nlm.nih.gov/protein/): islet cell protein tyrosine
phosphatase (IA2) (AAH70053 950 aa), islet cell autoantigen (ICA)
(NP_001129492 483 aa), Insulin (AAA59172 110 aa), islet cell
cytoplasmic autoantigen (ICCA) (Q16849 979 aa) and glutamic acid
decarboxylase (GAD) (CAA01913 594 aa). The results were used in a
peptide format to develop a prediction model that identifies the
peptides that are bound to HLA-DR alleles that were significantly
associated with T1D throughout the meta-analysis by using artificial
neural networks (http://www.cbs.dtu.dk/services/NetMHCIIpan/).
Peptides were classified as strong binding (SB) peptides (threshold
50.000) andweak binding (WB) peptides (threshold 500.000). For the
prediction of peptides that are bound to HLA-DQ alleles and
haplotypes, the Immune Epitope Database Analysis Resource (IEDB)
(http://tools.immuneepitope.org/analyze/html/mhc_II_binding.
html) tool was used. In this computational model, peptides were
classified as good binders according to the consensus prediction
approach.
3. Results

3.1. Studies included

The initial search strategy allowed us to identify 68 studies (Fig. 1),
which included review articles, for potential inclusion. Within this
group, 29 association studies related to HLA-DRB1, HLA-DQA1 and/or
HLA-DQB1 polymorphisms and susceptibility to T1D were identified. A
total of 21 articles (1138 cases and 1920 controls) on the HLA-Class II
region fit the selection criteria (Table 1). Detailed information on the
articles included and reasons for excluding each of the 47 articles is
given in supplementary Table 1 (http://www.urosario.edu.co/EMCS/
Documentos/investigacion/crea/supplementary_material_T1DHLA2/).
HW equilibrium data was only reported in 2 articles [19,20]. In two
articles [12,21] the T1D diagnosis was based on the National Diabetes
Data Group criteria [22]. Bothmet the inclusion criteria. One article [23]
had both patients with defined, latent autoimmune adult diabetes
(LADA) and patients with T1D WHO criteria (15±9.2 years old) for
HLA-DQB1 genotyping. The latter groupwas selected for meta-analysis.

3.2. HLA meta-analytic association

The meta-analysis of HLA-DP alleles was done based on data
reported in 2 articles, HLA-DQA1 in 9 articles, HLA-DQB in 17 articles,
HLA-DRB1 in 9 articles and haplotypes, 6 articles (see detailed
references in supplementary material http://www.urosario.edu.co/
EMCS/Documentos/investigacion/crea/supplementary_material_
T1DHLA2/). Different types of alleles were significantly associated
with T1D. These included ten high and three low resolution risk alleles
as well as 5 high and 5 low resolution protective alleles. Detailed OR
and p-value are found in Table 1 and Fig. 2. DRB1*0301-DQA1*0501-
DQB1*0201 (OR: 13.50; 95% CI: 3.85–47.28; pb0.0001) and
DRB1*1301-DQB1*0603 (OR: 0.25; 95% CI: 0.1–0.65; p=0.004)
were the most significant risk and protective haplotypes associated
respectively. There was no heterogeneity when comparisons variables
were used and the impact of continuous study moderators (age at
onset) on overall heterogeneity was not significant when using meta-
regression (data not shown). Publication bias was not found (funnel
plots and Egger's regression not shown).

3.3. Peptide, allele and haplotype HLA prediction

Therewere 10 SB peptides that bound to HLA-DRB1 risk alleles and
4 that bound to protective alleles all of which were significant results
of the meta-analysis. Most of them were sequences of the IA2 protein
that has been implicated in the antigen presentation process. Table 2
shows detailed information about the SB peptides including their
affinity number and positions. The allele DRB1*1201 binds sequences
from all five proteins included during the peptide prediction binding
except insulin. IEDB analysis showed that the haplotype DQA1*0301-
DQB1*0302 also binds sequences from three proteins (Table 2).

4. Discussion

This is the first meta-analysis searching for an association between
HLA-Class II and T1D in LA population. The results showed that
DRB1*0301, DRB1*0401, DRB1*0405, DRB1*1201, DQA1*0301,
DQB1*0302 and DRB1*14, DQB1*0501, DQB1*0602 were the most
significant risk and protective alleles associated with T1D
respectively.

The haplotypes DRB1*03-DQA1*05-DQB1*02, DRB1*0301-
DQA1*0501-DQB1*0201, and DRB1*0401-DQA1*0301-DQB1*0302
confer the greatest T1D susceptibility. In contrast, DRB1*01-
DQB1*0501, DRB1*15-DQB1*0602, and DRB1*1301-DQB1*0603 pro-
vide the strongest protection.

The LA population is a mixed group with ancestries that include
blacks, Caucasians and Amerindians, which reflects the notable racial,
genetic and cultural diversity. The prevalence of T1D is less than world
prevalence especially in LAcountrieswhichhaveanobviousAmerindian
influence. This is important because previous results have suggested
that in mestizo groups, the diabetogenic haplotype is from Mediterra-
nean ancestry, while protection is from Amerindian genes [24].

The effect of migration on the genetic background can be seen in
the Chilean population in which the admixture of Spanish Caucasian
genes with the native American genes could explain why there is a
lower incidence of T1D when compared to Spain as well as by a lower
frequency of DR3 and DQB1*0201 alleles in Chilean population [16].
Unlike Chile, Argentina has a primarily Caucasian population with a
lower level of ethnic mixing. In this particular population, the
incidence of T1D is comparable with the incidence in Caucasians
[15,16].

This mixed group reveals different allele frequencies within racial
groups. Comparisons across the T1D case populations revealed higher
frequencies of DQA1*0301 in the low incidence Asian populations and
LA countries compared to moderate–high incidence areas [25].
Although previous reports point to DQA1 loci as having a minimal
effect on LA [26], this meta-analysis showed these loci to be a risk
factorwith an important OR. DQAI*0301 andDQAI*0501 have arginine
(R) in position 52 while the DQBI*0201 and DQB1*0302 risk alleles
contain sequence coding for an amino acid other than aspartic acid (D)
in position 57 [alanine (A)] [25]. All of them were significantly
associated with T1D in the present meta-analysis. These results show
that the presence of R at position 52 of the DQα chain has been shown
to cause increased risk for T1D in addition to the increased risk caused
by the absence of D at position 57 of the DQβ chain [27]. These
mutations of the strongly conserved D at position 57 of Class-II B-chain
in HLA-DQ to another amino acid like A are associated with
susceptibility to disease in LA as shown by this meta-analysis. This
result is the same as those reported for other populations previously
[11,28]. Some studies that have included analyses of crystallographic
structures showed that the conserved salt bridge between β57 D and
the invariant β76 R in class II MHC is broken when β57 D is mutated
[29,30]. The interpretation of this mutation is that it opens the C-
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Fig. 2.Meta-analysis forest plot of T1D in Latin America. Meta-analysis forest plot for themost significant alleles associated with T1D. Each plot shows the effect size and precision for
individual studies and for the combined effect calculated by the random model. Filled squares are proportional in size to study weights. Random shows Global OR for each allele.
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Table 2
Predictive model results.

Protein Allele or haplotype DRB1*0401 DRB1*0405 DRB1*0301 DRB1*1201 DQA1*0301-DQB1*0302

IA2 PS 14HPSLSYEPALLQPYL 14HPSLSYEPALLQPYL 62TGTYILIDMVLNRMA 34HVHMSSGSFINISVV 955SKDQFEFALTAVAEE
CP LSYEPALLQ LSYEPALLQ ILIDMVLNR VHMSSGSFI FALTAVAEE

ICA PS 62RTGTYILIDMVLNRM 34EHVHMSSGSFINISV 467SKDQFEFALTAVAEE
CP ILIDMVLNR VHMSSGSFI FALTAVAEE

ICCA PS 11FIYIFTKISVDMYAG 19WPGVLFGMSIPSLWY 22KVLPLFIMVFPGMVS
CP FIYIFTKIS FGMSIPSLW FIMVFPGMV

GAD PS 244AISNMYAMMI 202TNMFTYEIAPVFVLL
CP ISNMYAMMI FTYEIAPVF

Strong binding peptides that are bound to HLA-DR risk alleles significantly associated with T1D throughout the meta-analysis are shown. For all alleles the NetMHCIIpan server was
used. For the haplotype the Immune Epitope Database Analysis Resource (IEDB) was used. PS: peptide sequence; CP: core position; IA2: islet cell protein tyrosine phosphatase; ICA:
islet cell autoantigen; ICCA: islet cell cytoplasmic autoantigen; GAD: glutamic acid decarboxylase.

672 A. Rojas-Villarraga et al. / Autoimmunity Reviews 9 (2010) 666–673
terminus of the peptide binding groove, reduces the stability of class II
MHC molecules and causes promiscuous peptide binding [30] which
allows for recognition by the T-cell receptor.

HLA pocket 9 had been implicated with DR3, DR4, and DQ8 as
being involved in susceptibility to T1D. The residual charge in pocket 9
of class II MHC DQ and DR underlies the strong linkage between the
HLA and T1D. It is postulated [30] that the differences in polymorphic
residues at P9, i.e. residual charge in a pocket, peptide-class II MHC
binding affinity, kinetics and competition, are used as parameters for
susceptibility or resistance to T1D. Alleles that confer susceptibility to
disease are predicted to bind diabetogenic peptides strongly with
slow dissociation kinetics. Two polar residues at β9 and β37 are
proposed as the least common structural feature, which is the
minimal set of polymorphism in DQ and DRmolecules that predispose
to T1D [30]. In the present meta-analysis, we found diverse alleles
from the LA population that had that characteristic, among them
DRB1*0405 and DQB1*0302, in addition to a non-D β57. It is
hypothesized that the DR and DQ genes mediate this autoimmune
disease by participating co-operatively and not working indepen-
dently because they act in concert [31].

When we developed the computational model to predict alleles
that bind GAD, IA2, ICA, ICCA and insulin peptides, interestingly
DRB1*1201 was found to be the main allele that binds peptides from
all the proteins included for the computational model excluding
insulin. This was the fourth allele to have a significantly high
association with T1D throughout the present meta-analysis and it
has a known ethnic origin of Australian Aboriginal, Black, Caucasian
and Oriental but has rarely been related to T1D [32] or to other
autoimmune diseases [33]. Several specific proteins from beta-cells
have been identified as targets of the autoimmune response in
humans. One leading candidate autoantigen is the enzyme GAD65.
The present computational model showed that among the peptides
binding the haplotype DQA1*0301-DQB1*0302 there was a peptide
from GAD65 202TNMFTYEIAPVFVLL216 that was strongly bound to
this significant haplotype in LA. This peptide has been previously
reported in models of transgenic NOD mice expressing HLA-DQ8 that
were immunized with full-length, purified, recombinant GAD65.
However, the peptide reported was the entire peptide from pos
201NTNMFTYEIAPVFVLLEYVT220. The above mentioned union gave
the greatest, significant T-cell response in the mouse model [34]. A
minimal sequence required for full stimulation of T-cell clones in
response to a mixture of GAD65-derived peptides in T1D Japanese
patientswas determined to be the same sequence found in LA patients
reported here—202TNMFTYEIAPVFVLL216 [35].

In conclusion, T1D is a disease that differs in prevalence and
depends on the dominant ancestry of each country's population. In
LA, its main prevalence is in populations with a mainly Caucasian
ancestry. However, the alleles of the disease are similar around the
world when we compare alleles to the peptides previously de-
scribed as targets of autoimmunity in T1D. DR4 which binds se-
quences from IA2, has been widely described as one of the higher
risk alleles in different autoimmune diseases including T1D. These
results strengthen the effect of HLA-Class II on T1D in LA is similar
to that in Caucasians regardless of the latitudinal gradient and
admixture. Futures genotyping studies in which ancestry informa-
tive markers are included will allow us to better understand the
origin of diabetogenic genes. The shared chemical characteristics in
critical pockets could explain the predisposition to present a
“diabetogenic peptide” to T cells in this population.

Take-home messages

• DRB1*0301, DRB1*0401, DRB1*0405, DRB1*1201, DQA1*0301,
DQB1*0302 and DRB1*14, DQB1*0501, DQB1*0602 were the most
significant risk and protective alleles associated with T1D respec-
tively in LA.

• The alleles of the disease are similar around the world when
comparing alleles to the peptides previously described as targets of
autoimmunity in T1D.

• These results strengthen the effect of HLA-Class II on T1D in LA is
similar to that in Caucasians regardless of the latitudinal gradient
and admixture.
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