The Role Of Glutamate Receptor Ampa3 (Gria3) In The Susceptibility Of Migraine
Migraine is a common, debilitating, neurovascular disorder of unknown aetiology, with strong evidence for a genetic component (up to 50%) that is estimated to affect approximately 15% of the Western population (Stewart et al. 1992).

The field of migraine genetics has seen a significant increase of information over the last ten years with the identification of genes CACNA1A, ATP1A2 and SCN1A responsible for Familial Hemiplegic Migraine (FHM), a rare subtype of migraine with aura showing autosomal dominant mode of inheritance (Ophoff et al. 1996; De Fusco et al. 2003; Dichgans et al. 2005). 

Identification of genes predisposing to the more common and genetically complex forms of migraine has been complicated by clinical and genetic heterogeneity of the disease. However, the genetics of familial typical migraine has seen an explosion of information over the last few years: genome-wide screens have identified several loci on 4q24, 6p12.2–21.1, 11q24, 14q21.2-q22.3, 15q11-q13 and Xq24-28 suggesting migraine genes in these regions (Colson et al., 2007). 

A number of consistent factors suggest the possibility of an X-linked gene for both MA and MO. There is an unequal sex distribution (with a female preponderance of 3:1) for both MA and MO and a higher proportion of affected first-degree relatives have been observed for MO probands of the less affected sex (males). In previous studies we provided evidence for the presence of a migraine susceptibility locus on chromosome Xq24-28 in three large Australian pedigrees. Results from haplotype and linkage analyses, (utilizing 28 markers spanning the entire X chromosome) localized the disease locus between markers DXS1001-DXS1206, DXS984-DXS1123 or DXS8091-qter with the highest evidence of association (NPL score of 2.87; P=0.0005) at marker DXS1123 in Xq28 region (Nyholt et al. 1998, Nyholt et al. 2000). Overall, these findings provided good evidence for the presence of a typical migraine susceptibility locus on chromosome Xq24-28.  To further elucidate the susceptibility region on Xq24-28 we have performed further analysis of markers spanning this region in independent migraine pedigrees prior to conducting candidate gene studies in migraine case-control cohorts.

Linkage analysis was performed using 35 microsatellites markers, 18 of which were used for the first time. A maximum LOD* score of 3.61 (p=0.00002) was observed at the marker DXS8061, located at Xq28. However, linkage analysis in two (MF6 and MF7) of the five tested families confirms a second locus in Xq24-25 region in the already described region between marker DXS1001 and DXS1206.

In parallel with linkage analysis, we utilised a candidate-gene approach to investigate X-linked migraine-susceptibility genes within the previously identified X chromosomal regions (DXS1001-DXS1206, DXS984-DXS1123 and DXS8091-qter). Using several sequence-analysis tools and database-mining procedures, we determined that these intervals contain at least 100 genes. We selected 19 candidate genes, on the basis of their potential functional significance or physical position: GRIA3, FMR2, GPR50, GABRE, GABRA3, GABRQ, ATP2B3, SLC6A8, ABCD1, PLXNB3, L1CAM, MECP2, FLNA, ATP6AP1, GDI1, PLXNA3, G6PD, F8, CLIC2. 

To fine map the identified locus and to refine the critical region, we generating a SNP map in the associated interval. SNPs were selected in all described candidate genes. The SNPs (two to four for gene) were chosen primarily in coding regions and in genomic regions conserved between human and mouse. All selected SNPs were first genotyped in 10 unrelated subjects, eight patients who carried the putative migraine risk-haplotype and two control individuals to validate the selected SNPs. A number of SNPs were discarded from subsequent analysis when none of the ten individuals was found heterozygous or when adjacent SNPs showed complete LD in the ten individuals (in this case only one SNP was selected for further studies). We selected 10 SNPs spaced throughout the region, 2 newly localized microsatellite markers (rs3074025 and rs10544931) and 21 markers that were included in our previous study.

We performed haplotype analysis using this set of markers that were genotyped in all affected and unaffected subjects of five families. Critical recombination event in MF7 affected individual localizes the disease locus to between markers DXS990-DXS8043 spanning the Xq24-25 region according with our previous study (Nyholt et al., 2000). Furthermore, several critical crossovers in MF14 affected individuals, localize the disease locus in the telomeric portion of the Xq28 region. This data reinforce the linkage data for the evidence of two loci in Xq24-28 region responsible for susceptibility to migraine.
Interestingly, the only candidate gene in the Xq24-25 critical region is the gene GRIA3 codifying for the glutamate receptor, subunit 3, ionotropic, AMPA. GRIA3 gene that spanning a genomic region of about 300 kb consists of 17 exons. Alternative splicing of two exons (exon 14 and exon 15) of the GRIA3 gene generates 2 isoforms of 894 amino acids (101157 Da).

We completely sequenced the coding and regulative regions of this gene in eight Australian migraine patients who carried the putative migraine-risk haplotype and in two control individuals. We detected a synonymous sequence variation in coding region C/T N400N (rs502434), and a -1952T/C SNP (rs3761555) in the promoter region.

The two GRIA3-SNPs (rs502434 and rs3761555), were analyzed for association with migraine in the case-control population of Australia Caucasians. The distribution of rs502434 and rs3761555 genotypes in the studied population did not deviate significantly from Hardy–Weinberg Equilibrium (P > 0.05). There was no significant association between both allelic and genotype frequencies of the synonymous SNP rs502434 and migraine (χ²= 0, P= 0.9 and χ²= 2.01, P = 0.36 respectively). Stratified analyses of migraine subtypes was also undertaken but did not indicate any association specifically attributed to the MA or MO subtype group for either allelic or genotypic frequencies for this SNP (P>0.05). Similarly, when we analyzed by gender, no significant association was observed (P(0.05).

On the contrary, the promoter -1952T/C (rs3761555) marker distribution for allelic and genotype frequencies showed significant association with migraine (χ²= 4.68, P= 0.03 and χ²= 5.84, P=0.05 respectively for allelic and genotype frequencies). Stratified analyses of migraine subtypes were also undertaken indicating association attributed to MO subtype group for either allelic or genotypic frequencies for this SNP (χ²= 4.91, P= 0.026 and χ²= 8.01, P = 0.018 respectively). When we analyzed by gender, no significant association was observed for both GRIA3 genotype and allelic distributions (P( 0.05).

We investigate the association of GRIA3 gene and its variants, observed in Australian population, in a different population (Italian) of migraineurs. We genotyped the -1952T/C variant located in the regulative region of GRIA3 gene in a panel of 263 individuals comprised of 132 migraineurs and 130 healthy individuals matched for age and gender. Because GRIA3 gene is a X-chromosomal gene, the quality of the generated genotypes was ensured by testing for violation of Hardy-Weinberg equilibrium in male and female subjects separately. We obtained statistically significant evidence for an association to migraine phenotype in the replication set (allele C frequencies: controls-migraineurs = 22% vs. 34%; p=0.003). 

In consideration of the X localization of GRIA3 gene, we analyzed the data by gender, showing significant association both in allelic and genotypes distributions [T vs C allele frequencies (p=0.008), genotype frequencies (p=0.01)]. Stratified analyses of migraine subtypes were also undertaken indicating a strong association specifically attributed to the MA subtype group for either allelic or genotypic frequencies [T vs C allele frequencies (p=0.003), genotype frequencies (p=0.008)]. We confirmed that the allelic frequencies found in our control population, for the associated SNP rs3761555 (pC=0.22 and pT=0.78), were similar to that reported in SNPs database for the European population (pC=0.25 and pT=0.75).

The underlying mechanism by which this variant confers susceptibility to Migraine remains unclear; however, bioinformatic predictions showed that the C variant could affect putative binding sites for heat shock factor (HSF) altering the consensus sequence nGAAn. This suggests that this change could alter the response of GRIA3 gene to stress condition. However, future genetic and functional studies are necessary to further validate these conclusions.
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