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Abstract
Objective—Autoimmune diseases often have susceptibility genes in common, indicating similar
molecular mechanisms. Increasing evidence suggests that rs6822844 at the IL2–IL21 region is
strongly associated with multiple autoimmune diseases in individuals of European descent. This
study was undertaken to attempt to replicate the association between rs6822844 and 6 different
immune-mediated diseases in non-European populations, and to perform disease-specific and
overall meta-analyses using data from previously published studies.

Methods—We evaluated case–control associations between rs6822844 and celiac disease (CD)
in subjects from Argentina; rheumatoid arthritis (RA), type 1 diabetes mellitus (DM), primary
Sjögren's syndrome (SS), and systemic lupus erythematosus (SLE) in subjects from Colombia; and
Behçet's disease (BD) in subjects from Turkey. Allele and gene distributions were compared

© 2010, American College of Rheumatology
Address correspondence and reprint requests to Swapan K. Nath, PhD, Arthritis and Immunology Research Program, Oklahoma
Medical Research Foundation, 825 NE 13th Street, Oklahoma City, OK 73104. swapan-nath@omrf.ouhsc.edu..
AUTHOR CONTRIBUTIONS
All authors were involved in drafting the article or revising it critically for important intellectual content, and all authors approved the
final version to be published. Dr. Nath had full access to all of the data in the study and takes responsibility for the integrity of the data
and the accuracy of the data analysis.
Study conception and design. Maiti, Anaya, Nath.
Acquisition of data. Rojas-Villarraga, Direskeneli, Saruhan-Direskeneli, Cañas, Tobón, Sawalha, Anaya, Nath.
Analysis and interpretation of data. Kim-Howard, Viswanathan, Guillén, Deshmukh, Cherñavsky, Nath.

NIH Public Access
Author Manuscript
Arthritis Rheum. Author manuscript; available in PMC 2011 February 1.

Published in final edited form as:
Arthritis Rheum. 2010 February ; 62(2): 323–329. doi:10.1002/art.27222.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



between cases and controls. Meta-analyses were performed using data from the present study and
previous studies.

Results—We detected significant associations of rs6822844 with SLE (P = 0.008), type 1 DM
(P = 0.014), RA (P = 0.019), and primary SS (P = 0.033) but not with BD (P = 0.34) or CD (P =
0.98). We identified little evidence of population differentiation (FST = 0.01) within cases and
controls from Argentina and Colombia, suggesting that association was not influenced by
population substructure. Disease-specific meta-analysis indicated significant association for RA
(Pmeta = 3.61 × 10–6), inflammatory bowel disease (IBD; Crohn's disease and ulcerative colitis)
(Pmeta = 3.48 × 10–12), type 1 DM (Pmeta = 5.33 × 10–5), and CD (Pmeta = 5.30 × 10–3). Overall
meta-analysis across all autoimmune diseases reinforced association with rs6822844 (23 data sets;
Pmeta = 2.61 × 10–25, odds ratio 0.73 [95% confidence interval 0.69–0.78]).

Conclusion—Our results indicate that there is an association between rs6822844 and multiple
auto-immune diseases in non-European populations. Meta-analysis results strongly reinforce this
robust association across multiple autoimmune diseases in both European-derived and non-
European populations.

Genetic susceptibility plays an important role in autoimmune diseases. Many susceptibility
genes/loci contributing to disease development have been identified. Several genetic studies
have also shown that susceptibility genes/loci are commonly shared by many autoimmune
diseases. For example, there is evidence of the involvement of interleukin genes in several
autoimmune diseases, such as IL12B, which is associated with systemic lupus erythematosus
(SLE) (1) and inflammatory bowel disease (IBD) (2); and IL18RAP, which is associated
with both celiac disease (CD) (3) and IBD (4).

The IL2–IL21 region at 4q27 has shown increasing evidence of association with multiple
autoimmune diseases. This region is strongly associated with CD (5,6), type 1 diabetes
mellitus (DM) (7,8), rheumatoid arthritis (RA) (9,10), ulcerative colitis (11), juvenile
idiopathic arthritis (JIA) (12), psoriatic arthritis (13), psoriasis (13), and SLE (14). Although
several genes in this region (IL2, IL21, TENR, and KIAA1109) are associated with these
diseases (9), identifying causative genes and the respective predisposing single-nucleotide
polymorphisms (SNPs) is challenging. SNPs in this susceptibility region may be
independently associated (11) and are likely to play both causative and protective roles in
these diseases. Several SNPs, rs13151961, rs13119723, rs6840978, and rs6822844 (in the
intergenic region between IL21 and IL2), have been shown to be significantly associated
with multiple autoimmune diseases (5,11). Of these SNPs, rs6822844 has been shown to be
the most significantly associated with multiple autoimmune diseases. We checked the
linkage disequilibrium pattern for the IL2–IL21 region in CEU (Caucasian) and MEX
(Mexican) HapMap III data, and we found extensive linkage disequilibrium (r2) between
SNPs (r2 = 0.52–0.85 for CEU and r2 = 0.31–0.99 for MEX). However, the primary
involvement and functional significance of SNP rs6822844 in gene expression is unknown
(15).

Genes located in this region may have related immune functions. IL21 plays a global
regulatory role in T cell homeostasis (16) and rapidly up-regulates messenger RNA (mRNA)
synthesis for interferon-γ, T-bet, interleukin-2 receptor α (IL-2Rα), IL-12Rβ2, IL-18R, and
myeloid differentiation factor 88 (17). These genes are important in activation of innate
immunity and Th1 response in natural killer and T cells. However, intestinal epithelial cells
are a target of IL-21, and the involvement of IL-21 in the crosstalk between epithelial and
immune cells in the gut (18) could indicate the molecular basis for Crohn's disease and IBD.
IL-21 also induces insulin growth factor 1 expression (19) and may have consequences in
the development of type 1 DM, since it is shown that IL-21 signaling is critical in the
development of type 1 DM in NOD mice (20).
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Ethnicity-specific genetic associations with autoimmune diseases have been documented.
For example, rs1143679 in ITGAM is associated with SLE in European American, Hispanic,
and African American populations but is monomorphic in many Asian populations (21,22).
Additionally, genetic association varies with geographic distribution. For example, PTPN22
has been associated with multiple autoimmune diseases. However, the strongest association
has been found in northern European populations (23). Although genetic association of
rs6822844 in the IL2–IL21 intergenic region has been tested in many autoimmune diseases
in European-derived populations, to our knowledge its association has not been evaluated in
non-European populations. Therefore, in the present study, we examined the genetic
associations of rs6822844 with type 1 DM, SLE, RA, and primary Sjögren's syndrome (SS)
in samples from Colombia, CD in samples from Argentina, and Behçet's disease (BD) in
samples from Turkey. Secondarily, we performed disease-specific and overall meta-analyses
using data from previously published studies.

PATIENTS AND METHODS
Sample collection

Written informed consent was obtained from all recruited subjects, and protocols were
approved by the appropriate institutional review boards. Population and disease samples
used in this study are shown in Table 1.

We recruited 189 patients with CD and 222 controls from Argentina through the Hospital de
Clínicas José de San Martín. Diagnosis of CD was based on the presence of clinical features,
including characteristic CD enteropathy (24), the presence of a positive CD-related serology
(disease-specific antibodies), and response to a strictly monitored gluten-free diet. The
controls were generally healthy volunteers and unrelated family friends.

Patients with BD were recruited from the Marmara University Behçet's Clinic in Istanbul,
where a large cohort of patients with BD that reflects the ethnic background of the Turkish
population is routinely followed up. All patients fulfilled the 1990 International Study Group
Criteria for BD (25). Ethnically matched controls were selected randomly from Istanbul,
Turkey.

The Colombian sample comprised a total of 1,147 individuals, of whom 689 were patients
enrolled at the Corporación para Investigaciones Biológicas in Medellin, 90 were patients
enrolled at the Fundación Clínica Valle de Lili in Cali, and 368 were controls. All patients
with autoimmune diseases met the international classification criteria for their respective
disease (26–29).

The common control group for all analyses of Colombian subjects included 368 individuals
who did not have a history of chronic inflammatory autoimmune or infectious diseases and
were unrelated to the patients. These individuals were healthy volunteers who were asked to
donate blood with written consent. Some of these individuals were enrolled in the clinic for
autoimmune or infectious diseases. The same controls were used against each disease. This
strategy is valid and has been successfully applied previously (30). Colombian patients used
in this study were ethnically matched with controls and were mainly recruited from a place
in Medellin where populations are more strictly homogenous (31,32).

Genotyping
All genomic DNA samples from Argentina and Colombia were genotyped for rs6822844 at
the Oklahoma Medical Research Foundation using the TaqMan assay (Applied Biosystems,
Foster City, CA). In order to assess population structure in the Argentinean and Colombian
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populations, we genotyped 3 additional unlinked SNPs (rs763361, rs3184504, and
rs1143679) using the TaqMan assay.

Statistical analysis
For each disease phenotype we estimated Hardy-Weinberg equilibrium separately for cases
and controls. Case–control association studies were analyzed by chi-square test using 2 × 3
and 2 × 2 contingency tables of genotype and allele counts, respectively. Allelic odds ratios
(ORs), 95% confidence intervals (95% CIs), and genetic models were calculated using
Plink, version 1.05 (33). Since we tested only 1 SNP, no correction for multiple testing was
required. P values less than 0.05 were considered significant.

To quantify the effect of population structure on genetic association in samples from
Argentina and Colombia, we used the statistic FST, which measures variation in allele
frequency between populations. We used the unbiased estimator of FST at a biallelic SNP
described by Weir and Cockerham (34). It is possible for this unbiased estimator to result in
a value <0; since the FST must be a value between 0 and 1, FST values <0 were set to 0.

Meta-analysis
We performed an exhaustive search and considered all previously published studies that
examined the association of SNP rs6822844 with autoimmune diseases. A search of the
literature was performed using Medline citations to identify available articles in which
rs6822844 was determined in patients with autoimmune diseases and controls. References in
the studies were reviewed to identify additional studies not indexed by Medline. We used
the following medical subject heading terms and/or text words: IL12, IL21, autoimmune
disease, and autoimmunity. No restrictions were placed on language, race, ethnicity, or
geographic area. Autoimmune diseases were diagnosed using the appropriate diagnosis
criteria. A study was included in this meta-analysis if it was published on or before May 1,
2009, it presented original data (was an independent study), and it provided enough data to
calculate ORs. We excluded studies that contained overlapping data; studies in which the
number of null and wild genotypes could not be ascertained; and studies such as
transmission disequilibrium tests, in which family members had been studied, because their
analysis was based on linkage considerations. Extraction from each study was conducted
independently by 2 authors (AKM and SKN), and consensus was achieved for all data.

Allele frequencies at rs6822844 from each respective study were determined by the allele-
counting method. A chi-square test was used to determine if observed frequencies of
genotypes in controls conformed to Hardy-Weinberg equilibrium.

We examined the contrast of the allelic effect of T (the associated allele) versus G (the
common allele). The point estimates of the risk, the OR, and its 95% CI were estimated for
each study. We assessed the within- and between-study variation or heterogeneity by testing
Cochran's Q statistic. This heterogeneity test assessed the null hypothesis that all studies
were evaluating the same effect. A significant Q statistic (P < 0.05) indicated heterogeneity
across studies. The fixed-effects model was used for meta-analysis since ORs were
homogeneous in all calculated meta-analyses. Meta-analysis was performed using CatMap
software (35).

Power analysis
Power analyses were performed retrospectively for the available samples (cases and
controls), using a fixed minor allele frequency of 10%, a disease prevalence of 1%, a Type I
error P of 0.05, and an OR of 0.67. We used CATS software (36) for power calculation.
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RESULTS
The SNP rs6822844 was in Hardy-Weinberg equilibrium (P ≥ 0.01) in all cases and controls
in all study populations. The frequency of the minor allele (T) varied from population to
population, with the highest and lowest minor allele frequencies estimated to be 9.9% and
12.8% in our controls.

A summary of the results of allele association tests is shown in Table 1. The strongest allelic
association was observed for SLE in subjects from Colombia (P = 0.0081, OR 0.50 [95% CI
0.30–0.84]). Significant associations were also observed for type 1 DM (P = 0.0138, OR
0.43 [95% CI 0.22–0.86]), RA (P = 0.0187, OR 0.61 [95% CI 0.40–0.92]), and primary SS
(P = 0.0331, OR 0.46 [95% CI 0.23–0.95]) in subjects from Colombia. However, we did not
observe any allelic association of rs6822844 with CD in patients from Argentina or with BD
in patients from Turkey. With regard to the effect of population structure on this association,
we observed little difference (overall FST = 0.0102 using 4 unlinked SNPs) among samples
from Argentina and Colombia. In fact, pairwise FST values between cases and controls were
very low. Genetic models for each disease phenotype were assessed under dominant,
recessive, genotypic trend (Cochran-Armitage), and multiplicative models. Only the P
values from the genotypic trend model are shown (Table 1).

Disease-specific meta-analyses were performed for all diseases for which data were obtained
in at least 2 populations (in either the present study or previously published studies) (Figure
1 and Table 2). None of the meta-analyses were significantly heterogeneous for the OR.
(Phet varied from 0.10 to 0.79.) The strongest associations were observed in IBD (Pmeta =
3.48 × 10–12; OR 0.74 [95% CI 0.68–0.80]), RA (Pmeta = 3.61 × 10–6; OR 0.77 [95% CI
0.70–0.86]), type 1 DM (Pmeta = 5.33 × 10–5; OR 0.61 [95% CI 0.48–0.78]), and CD (Pmeta
= 5.30 × 10–3; OR 0.72 [95% CI 0.58–0.91]). The overall association was significant and
consistent with the involvement of the IL2–IL21 region in multiple autoimmune diseases (23
populations; P = 2.61 × 10–25, OR 0.73 [95% CI 0.69–0.78]). The strength of association for
this SNP in each of the study populations, using results of the present study as well as those
of previous studies, is shown in Table 3.

For CD in patients from Argentina, significant associations were not obtained in either
allele- or model-based tests, although rs6822844 has primarily been shown to be associated
with CD in European populations (5,6). Power analysis demonstrated that these association
tests were extremely underpowered (Table 1). The limited sample size used in the present
study or a greater stratification of the population may explain why this association was not
observed in the subjects from Argentina.

DISCUSSION
Genetic association is a powerful tool used to identify disease susceptibility–associated
SNPs. The population-specific allele frequencies and ORs found in the present study provide
strong evidence that rs6822844 in the IL2–IL21 region is significantly associated with
multiple autoimmune diseases.

Several genetic studies have implicated the IL2–IL21 region as being involved in multiple
autoimmune diseases, including type 1 DM, RA, CD, and JIA, in European populations.
However, these associations have previously been evaluated only in samples from
European-derived populations (11). Often SNPs belong to haplotype blocks in which the
SNPs are in high linkage disequilibrium, leading to multiple SNPs being associated with
disease. This can make it difficult to tease apart genetic associations, especially within a
single ethnic population in which similar genetic backgrounds may be present. There are
several strategies to search for causative SNPs (11). First, it may be necessary to fine-map a
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region in multiple ethnic populations. Transracial mapping (37) can be an important
technique to pinpoint the predisposing variant (21). Second, since this region is associated
with multiple autoimmune diseases it will also be important to compare haplotype blocks
across disease populations to determine if there are multiple causative mutations, or a few
common SNPs between autoimmune diseases. Third, once we narrow down this region and
identify causative SNP(s), functional studies can be performed to discover how these SNP(s)
contribute to the development of autoimmunity.

One challenge for genetic association studies is the presence of population substructure in
the samples, which raises the potential for confounding and spurious results, especially in
the admixed population. It is known that populations from both Argentina and Colombia
have varying degrees of admixture with Native American, European, and African ancestral
populations. Therefore, if cases and controls are sampled from several subpopulations with
different allele frequencies, the differences in allele frequencies between cases and controls
could mimic a statistical association, which might lead to false-positive results. However,
the Colombian samples used in this study were mainly collected from Medellin, where
populations are more homogenous (Paisa community). Historical documents demonstrate
that the Paisa community, to which most of our Colombian subjects belonged, is highly
homogenous and endogenous (31,32), and very little stratification is observed. In the present
study we addressed this issue of population subdivision by calculating the FST with respect
to 4 unlinked SNPs. The homogeneity between our Colombian cases and controls was
confirmed with FST analysis. There was little evidence of population substructure, and thus
our results on SLE, RA, type 1 DM, and primary SS in Colombian subjects were most likely
not affected by population substructure at this locus.

However, we did not find a significant association between rs6822844 and CD, as has
previously been identified in European populations. This may be due to small sample size,
this SNP may not be associated with CD in the Argentinean population, or ethnicity-specific
variations (cultural or other environmental factors) may play a significant role in developing
CD in Argentinean populations. Future analysis with a larger, more homogenous sample
size could reveal that rs6822844 is associated with CD in both European and Argentinean
populations.

We also did not find a genetic association between rs6822844 and BD; however, a larger
study is needed to definitively exclude a genetic association between BD and the IL2–IL21
locus. It is also possible that genetic susceptibility to BD does not overlap with that
identified in autoimmune diseases. This probably reflects a distinct pathologic mechanism
for this inflammatory disease. Indeed, a recent genome-wide association study in this
disease revealed genetic associations with 5 novel loci, none of which has previously been
shown to be associated with autoimmune diseases (38).

Autoimmune diseases may have related underlying cellular mechanisms involved in
immune response cells for humoral and cell-mediated immunity. Interleukins may play a
significant role and are often associated with autoimmune phenotypes (5,11). The SNP
rs6822844 is in a noncoding region upstream of IL21 and downstream of IL2; the molecular
function of this SNP is elusive. It may modulate the gene expression of IL21 or IL2, or it
may be linked to causative mutations. Extensive search of this sequence suggests that this
SNP-carrying sequence has strong homology with the 13 precursor of mRNA stem loop
structure that codes for microRNA. The neighboring sequence shows strong homology with
mature microRNA that has been identified in human stem cells (39) and has been shown to
be expressed in the human lymphoid BC-1 cell line (40). Moreover, the ancestral allele G is
conserved in all microRNA-precursor hairpin structures. This evidence suggests that non-
risk G-carrying sequences potentially code for microRNA and modulate cellular function in
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lymphocytes, whereas the T allele abolishes microRNA-producing ability. It is very likely
that this variant affects microRNA generation and modulates expression of genes and,
subsequently, their functions. These changes, however, are yet to be characterized. It
remains to be explored how this single variation modulates the molecular signaling pathway
of proteins and gives rise to different clinical phenotypes that lead to many auto-immune
diseases.
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Figure 1.
Disease- and ethnicity-specific populations used for meta-analysis of rs6822844 across all
autoimmune diseases investigated in the present study and in previously published studies.
JIA = juvenile idiopathic arthritis; PsA = psoriatic arthritis; RA = rheumatoid arthritis; CD =
celiac disease; IBD = inflammatory bowel disease; SS = Sjögren's syndrome; SLE =
systemic lupus erythematosus; DM = diabetes mellitus; UC = ulcerative colitis; BD =
Behçet's disease. Values are the odds ratio (OR) and 95% confidence interval (95% CI) of
the association of rs6822844 with the indicated disease in the indicated population.
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Table 3

Disease-specific genetic associations with rs6822844 in the present study and previously published studies*

Population/disease Author, year (ref.) OR (95% CI)

European/JIA Albers et al, 2009 (12) 0.76 (0.62–0.92)

UK/PsA Liu et al, 2008 (13) 0.53 (0.32–0.88)

Dutch/RA Daha et al, 2009 (10) 0.84 (0.71–1.00)

Dutch/RA Zhernakova et al, 2007 (7) 0.72 (0.61–0.86)

European/RA Teixeira et al, 2009 (9) 0.85 (0.65–1.12)

Colombian/RA Present study 0.61 (0.40–0.92)

Dutch/Crohn's disease Festen et al, 2009 (11) 0.81 (0.43–1.53)

North American/Crohn's disease Festen et al, 2009 (11) 0.79 (0.61–1.04)

Italian/Crohn's disease Festen et al, 2009 (11) 0.72 (0.41–1.24)

Scandinavian/Crohn's disease Amamovic et al, 2008 (6) 0.58 (0.41–0.83)

Argentinean/CD Present study 1.01 (0.58–1.74)

Dutch/CD Van Heel et al, 2007 (5) 0.66 (0.51–0.85)

Dutch/IBD Festen et al, 2009 (11) 0.75 (0.61–0.93)

North American/IBD Festen et al, 2009 (11) 0.79 (0.66–0.96)

Italian/IBD Festen et al, 2009 (11) 0.65 (0.46–0.91)

Colombian/primary SS Present study 0.46 (0.23–0.95)

Colombian/SLE Present study 0.50 (0.30–0.84)

Dutch/type 1 DM Zhernakova et al, 2007 (7) 0.64 (0.50–0.83)

Colombian/type 1 DM Present study 0.43 (0.22–0.86)

Dutch/UC Festen et al, 2009 (11) 0.64 (0.49–0.83)

North American/UC Festen et al, 2009 (11) 0.79 (0.65–0.97)

Italian/UC Festen et al, 2009 (11) 0.65 (0.45–0.93)

Turkish/BD Present study 0.79 (0.48–1.29)

*
JIA = juvenile idiopathic arthritis; PsA = psoriatic arthritis; IBD = inflammatory bowel disease; UC = ulcerative colitis (see Table 1 for other

definitions).
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