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IFIH1-GCA-KCNH7 locus: influence on multiple
sclerosis risk
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A recent genome-wide scan of nonsynonymous SNPs and ulterior validation in case-control and family
analyses evidenced a susceptibility locus for type 1 diabetes (T1D) on chromosome 2q24.3. We aimed at
testing the effect of this locus in other autoimmune diseases with complex genetic background, such as
multiple sclerosis (MS). Four SNPs along the locus, rs13422767, rs2111485, rs1990760 and rs2068330, were
genotyped using TaqMan MGB chemistry in 311 T1D and 412 MS patients and 535 ethnically matched
healthy controls. The previously reported association of this locus was found for the first time in MS
(rs2068330, G vs C: P¼0.001; OR (95% CI)¼0.73 (0.6–0.88)) and a trend for replication was observed in
our Spanish diabetic cohort. Therefore, genes included in this locus – IFIH1 interferon induced helicase,
GCA grancalcin or the potassium channel KCNH7 – are potential candidates implicated in the pathogenesis
of these autoimmune diseases, although strong linkage disequilibrium in the region hampered further
localization of the etiologic gene.
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Introduction
Determination of the etiology of immune-mediated dis-

eases as multiple sclerosis (MS) remains largely elusive,

although numerous theories have been proposed. Environ-

mental factors operate on a background of genetic suscept-

ibility in its pathogenesis. MS incidence in many countries

has risen rapidly over the past decades, suggesting increased

environmental pressure on susceptibility genotypes.

With regard to the environmental factors involved, viral

infections have been considered in these diseases.1 Innate

immune responses to pathogens are initiated after the

recognition of so called pathogen-associated molecular

patterns by cellular receptors.2 Among these receptors,

the cytoplasm helicase MDA-5 senses intracellular dsRNA

resulting from viral infection. The gene encoding MDA-5

(melanoma differentiation-associated gene 5, MDA5) also

known as interferon-inducible RNA helicase IFIH1 is

located in chromosomal region 2q24.3. A common variant

in the IFIH1 locus has been recently found associated with

type 1 diabetes (T1D) in a robust study.3 This genome-wide

association study and ulterior validation in a case-control

and family collection evidenced the involvement of

rs1990760, an Ala946Thr change in the IFIH1 gene, in

T1D risk. Further analyses of the locus surrounding this

marker yielded compelling statistical support of the genetic

quasi-equivalence of some other SNPs in strong linkage

disequilibrium with the above-mentioned polymorphism,

therefore being unable to ascertain the etiologic variant.
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The other genes mapping within the associated region, the

voltage-gated potassium channel KCNH7 and the grancal-

cin GCA genes, are both potential candidate genes from

a functional standpoint. Voltage-dependent Kþ channels

constitute a heterogeneous class of ion channels including

more than 40 members.4 Among voltage-dependent Kþ

channels, the ERG subfamily is mainly involved in the

control of cellular excitability, both in mammals and in

invertebrates.5,6 Moreover, macrophages and neutrophils

are key cellular components of innate immunity and the

GCA grancalcin gene, located between IFIH1 and KCNH7

genes, is highly expressed in both types of leukocytes.7

More recently, association of this locus with Grave’s

disease was also found.8 We aimed at identifying whether

this chromosomal region was a common susceptibility

locus for other autoimmune disease as MS.

Methods
Three hundred and eleven white Spanish unrelated T1D (51%

women) and 412 MS (65% women) patients consecutively

recruited from a single center (Hospital Clı́nico, Madrid) and

535 ethnically matched healthy controls (51% women),

mainly blood donors and staff from the same region, were

included in a case-control study. T1D patients were diagnosed

according to the American Diabetes Association (ADA) criteria.

MS diagnosis conformed to the Poser criteria9 and 36% MS

patients carried HLA-DRB1*1501. Most patients were relapsing

remitting (79%), 11% secondary progressive and 9% primary

progressive. Informed consent was obtained from all the

subjects included in the study, which was approved by the

Ethics Committee of the Hospital Clı́nico San Carlos.

Genotyping of the samples was performed by using

TaqMan Assays in a 7900HT Fast Real-Time PCR system

under the conditions recommended by the manufacturer

(Applied Biosystems, Foster City, CA, USA).

Statistical analyses were performed using a standard

statistical package (Epi Info v.6.02; World Health Organiza-

tion, Geneva, Switzerland). Phenotype and genotype

frequencies in patients and controls were compared by w2

test or Fisher’s exact test, when necessary. Strength of

association was given as odds ratio (OR) with a 95%

confidence interval (CI) and P-values under 0.05 were

considered statistically significant. Haplotypic frequencies

were estimated using the expectation-maximization

algorithm implemented in the Arlequin v2.000 software,10

with number of iterations set at 5000 and initial conditions

at 50, with an epsilon value of 10–7.

Results
Four polymorphisms within the chromosomal region

originally found associated with T1D were studied in the

Spanish population: rs1990760, in exon 15 of the IFIH1

gene, and two additional SNPs in the 50 and 30 boundaries

of the associated locus: rs13422767 and rs2068330, the

latter in intron 14 of the KCNH7 gene. The intergenic

polymorphism rs13422767 did not conform to Hardy–

Weinberg expectations in the control cohort (Po0.05);

therefore, it was excluded from ulterior analyses and

replaced by other in proximity, rs2111485, which did not

show significant difference between patients and controls

(Table 1). Minor alleles of the two other polymorphisms

evidenced protective effects towards MS of similar magni-

tude to the one originally reported by Smyth et al3 and a

trend for T1D patients, most probably due to lower

statistical power (Table 1). Due to strong linkage disequili-

brium between those two associated SNPs in the IFIH1 and

in the KCNH7 genes (D’¼ 0.81; r2¼ 0.58) we could not

ascertain which, if any, was primarily associated with the

diseases. However, in our hands, rs2068330 behaved as a

better marker from a statistical point of view and for

practical purposes it was chosen for sub-group analyses.

Genotype relative risks were calculated for the heterozy-

gous (T1D: P¼0.8; OR (95% CI)¼0.95 (0.7–1.3) and MS:

P¼0.004; OR (95% CI)¼0.67 (0.5–0.89)) and homozygous

mutant (T1D: P¼0.03; OR (95% CI)¼0.6 (0.36–0.99) and

MS: P¼0.009; OR (95% CI)¼0.58 (0.37–0.89)) categories.

Similar effects could be detected for both genotypes in MS

and for the homozygous mutant in T1D, and the lower

effect displayed by the heterozyote in T1D is most probably

due to scarce statistical power of this cohort. Haplotype

analysis did not provide any additional information (data

not shown). Stratification of MS patients by clinical forms

and by carriage of HLA-DRB1*1501 did not show statistical

differences.

Table 1 Genotype and allele frequencies of three SNPs in the 2q24.3 chromosomal region containing the IFIH1-GCA-KCNH7
genes

rs2111485 (%) IFIH1, rs1990760 (%) KCNH7, rs2068330 (%)

GG GA AA G A AA AG GG A G CC CG GG C G

Controls 191 250 86 632 (59.9%) 422 (40%) 188 254 93 630 (58.9%) 440 (41.1%) 204 252 79 660 (61.7%) 410 (38.3%)
T1D patients 115 154 41 384 (61.9%) 236 (38.1%) 120 151 40 391 (62.9%) 231 (37.1%) 129 152 30 410 (65.9%) 212 (34.1%)
MS patients 163 175 61 501 (62.8%) 297 (37.2%) 170 183 62 523 (63%) 307 (37%) 201 166 45 568 (68.9%) 256 (31.1%)

rs2111485, A vs G: T1D: P¼0.42; OR¼0.92 (0.75–1.13), MS: P¼0.22; OR¼0.89 (0.73–1.08).
rs1990760, G vs A: T1D: P¼0.11; OR¼0.85 (0.7–1.04), MS: P¼0.07; OR¼0.84 (0.7–1.02).
rs2068330, G vs C: T1D: P¼0.08; OR¼0.83 (0.67–1.03), MS: P¼0.001; OR¼0.73 (0.6–0.88).
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Discussion
In the present work, we investigated the association of

polymorphisms within the locus where the IFIH1-GCA-

KCNH7 genes map with MS. The effect found for MS was of

similar magnitude to the one originally described regard-

ing T1D3 and also present in Graves’ disease.8 Strong

linkage disequilibrium within this locus precluded us from

further dissecting where the etiologic gene resides. The

polymorphism rs1990760 in the IFIH1 gene was proposed

as the causal variant based on the conservation of aligned

sequences in mammals.3 However, the authors reported

that this polymorphism was genetically equivalent to some

others and it was indistinguishable from the other tested

variant in the KCNH7 gene. Intronic polymorphisms, as

the one in the KCNH7 gene, could also be implicated in the

disease pathogenesis through altered splicing.11 As a recent

report demonstrated, even naturally occurring variations

in synonymous codons can give rise to a protein product

with the same amino-acid sequence but different structural

or functional features, probably due to altered timing of

cotranslational folding.12 Consequently, polymorphisms

that do not change coding sequences should not be

disregarded as contributors to disease.

From a functional perspective, it is difficult to ascertain

which of these genes would be the one responsible for

the observed associations. Many human viruses have been

associated with autoimmune complex conditions. The

recognition that the pre-clinical phase of autoimmunity

may extend for years is critical to understanding their

etiology and means that studies at onset may not reveal

viral infections. Moreover, a common virus could act as a

trigger in genetically susceptible hosts and if infections are

due to ubiquitous viruses, differences in the frequency of

infections will not be detectable in case-control studies. As

a study of children developing T1D showed, the majority

of seasonality at onset was in the non-DR3/4 males,

suggesting that viral infection could be an additive risk

factor in those less genetically predisposed.13 The inter-

feron-inducible helicase IFIH1 gene encodes a cytoplasmic

viral detector critical for response to picornaviruses.14

Picornavirus infections have been associated with MS15,16

and T1D.17–19 Studies, in vitro and in vivo, demonstrated

that human pancreatic b cells survive challenge with

coxsackie virus only in the presence of interferons and

that protection from diabetes following systemic infection

required an intact islet cell response to interferons.20,21

These evidences, together with the work by Smyth et al,3

the association reported in Graves’ disease8 and our own

data, would support interferon-inducible helicase IFIH1 as

a candidate gene altering susceptibility to autoimmune

diseases. Nonetheless, in our hands the polymorphism

within the KCNH7/ERG3 gene seems to act as a better

genetic maker and an evidence in support of the impact of

potassium homeostasis in these diseases has also been

reported. Voltage-dependent Kþ channels are the main

determinants in controlling cellular excitability within

the central nervous system; specifically, the erg genes are

highly expressed in various areas of the rat and mouse

central nervous system22 and erg3 transcripts have also

been identified in rat islets and INS-1 b cells.23 Therefore,

implication on autoimmune diseases of an altered function

of this gene encoding a potassium channel can not be

discarded. Not only these two, but the other positional

candidate gene, the one encoding grancalcin, could also

have a role in autoimmune disease pathogenesis. The GCA

protein presents a calcium binding EF-hand domain

characterizing a large family thought to play a pivotal role

in a variety of signaling pathways.24

In summary, we report for the first time the association

of the IFIH1-GCA-KCNH7 locus with MS. It could be

speculated that any of the genes within the associated

chromosomal region could be the one responsible for the

observed effect; replication in populations of diverse

ethnicities, in which linkage disequilibrium patterns may

be dissimilar, are of crucial importance to further localize

the etiologic gene involved.
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