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Genetic Association Study of the Common Genetic Variation of Early Growth
Response 3 Gene With Bipolar Disorder in Korean Population
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Objectives  The early growth response 3 (EGR3) gene located in chromosome 8p21.3 is one of the susceptibility loci in many psy-
chiatric disorders. EGR3 gene plays critical roles in signal transduction in the brain, which is involved in neuronal plasticity, neuronal
development, learning, memory, and circadian rhythms. Recent studies have suggested EGR3 as a potential susceptibility gene for bi-
polar disorder (BPD). However, this requires further replication with an independent sample set.

Methods To investigate the genetic role of EGR3 in Korean patients, we genotyped six single-nucleotide polymorphisms (SNPs) in
the chromosome region of EGR3 in 1076 Korean BPD patients and 773 healthy control subjects.

Results  Among the six examined SNPs of EGR3 (1517088531, rs1996147, rs3750192, rs35201266, rs7009708, rs1008949), SNP 1535201266,
rs7009708, rs1008949 showed a significant association with BPD (p = 0.0041 for rs35201266 and BPD2, p = 0.0074 for rs1008949 and
BPD, p = 0.0052 for rs1008949 and BPD1), which withstand multiple testing correction. In addition, the ‘G-C-C-C’ and ‘G-C-G-C’ hap-
lotypes of EGR3 were overrepresented in the patients with BPD (p = 0.0055, < 0.0001, respectively) and the ‘G-T-G-C” haplotype of EGR3
was underrepresented in patients with BPD (p = 0.0040).

Conclusions In summary, our study supports the association of EGR3 with BPD in Korean population sample, and EGR3 could
be suggested as a compelling susceptibility gene in BPD.
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Fig. 1. Location of the SNPs on the EGR3 gene and the linkage
disequilibrium structure of the locus. Graphic representation of
the genomic structure and location of the EGR3 SNP sites exam-
ined and the linkage disequilibrium (LD) structure of the EGR3
haplotype block. Exons are denoted by boxes, with untranslated
regions in white and translated regions in gray. The LD between
SNPs was analyzed using the pair-wise LD measures D’ and r*
and the haplotype block was constructed using the solid spine
haplotype algorithm (D’ > 0.8). Each diamond either represents
the D’ or r’ measure of LD (D* darker shades of red represent
greater D’ values, r’: darker shades of black represent greater r’
values).
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Table 1. Allele distribution of SNPs in the EGR3 gene

wo] UeRGTHp < 0.0001, 5 = 16.6480) (i 2).

Z

rhu

w2 ATtol| A= EGR3Z gh=i?l oF =4 Aol 3H1E 719
AL st wAS Jﬂﬂo}%} 2495t 679] wrelel|ct
B FolA 37He] SLA7ITHEA rs35201266, rs7009708,
rs1008949+= A4+ ot} oFFA4 Aol 31} Atojof|A] &
AR o g 33t g SAAE HIE JolE BT} tjEo],
8 thz<tol vial] F=A Aol BRtellA TEA7|THEA

Allele Allele frequency )

SNP Group n 172 : 2 OR 95% ClI % P Ppermut HWE_p
rs17088531 CTR 770 G/A 0.763 0.237 0.9393
BD 590 0.779 0.221 0.9109 0.760—1.100 0.8740  0.3500 0.8470 0.2523

BD1 389 0.778 0.222 0.9205 0.750—-1.130 0.6220  0.4302 0.9470  0.2040

BD2 146 0.784 0.216 0.8856 0.650—1.200 0.6200  0.4312  0.9310  1.0000

151996147 CTR 772 G/A 0.613 0.387 0.9786
BD 535 0.615 0.385 0.9905 0.840—1.160 0.0140 0.9072 1.0000  1.0000

BDI 389 0.629 0.371 0.9349 0.780-1.120 0.5500 0.4584  0.9540  0.8363

BD2 146 0.579 0.421 1.1514 0.890—1.480 1.1850 0.2763  0.7860  0.6635

rs3750192 CTR 772 G/T 0.748 0.252 1.0000
BD 548 0.755 0.245 0.9658 0.610—0.900 0.1450 0.7034  0.9950  0.2905

BD1 398 0.739 0.261 1.0503 0.860—1.280 0.2420 0.6225 0.9930 0.7056

BD2 150 0.797 0.203 0.7578 0.560—1.030 3.2170 0.0729  0.3010  0.2316

rs35201266  CTR 772 (o) 0.633 0.367 0.6289
BD 548 0.667 0.333 0.8628 0.740-1.020 3.1610  0.0754 0.3070  0.7219

BD1 398 0.647 0.353 0.9428 0.800—1.140 0.4180  0.5177 0.9790 0.8313

BD2 150 0.720 0.280 0.6720 0.520—-0.890 8.2500  0.0041* 0.0220* 0.2497

rs7009708 CTR 766 G/C 0.516 0.475 0.8106
BD 547 0.484 0.516 1.1796 1.010-1.380 4.3470 0.0371* 0.1830  0.2826

BDI 397 0.479 0.521 1.2032 1.010—1.430 4.4690 0.0345* 0.1650 0.1413

BD2 150 0.497 0.503 1.1192 0.870-1.430 0.7960 0.3724 0.8880 0.8384

rs1008949 CTR 772 (o) 0.586 0.414 0.5928
BD 548 0.638 0.362 0.8044 0.690—-0.940 7.1670 0.0074*  0.0260* 0.0359

BDI1 398 0.646 0.354 0.7770 0.650—-0.930 7.8140 0.0052* 0.0180* 0.1635

BD2 150 0.617 0.383 0.8804 0.680—-1.130 0.9680 0.3251 0.8510  0.1243

*Significant p-values are shown. EGR3, early growth response 3; OR, odds ratio; Cl, confidence interval; Ppermut, p-value from a
permutation test; HWE, Hardy-Weinberg Equilibrium; CTR, conftrol; BD, bipolar disorder patients

Table 2. Analysis of common haplotypes of the EGR3 gene in the patients with bipolar disorder

EGR3 Markers Frequency OR v o
haplotype 153750192 rs35201266 rs7009708  rs1008949 Total BD CTR
1 G C G T 0.363 0.336 0.383 0.8166 6.0070 0.0143
2 T T C C 0.230 0.228 0.231 0.9783 0.0540 0.8157
3 G C C C 0.224 0.250 0.205 1.2983 7.7150 0.0055*
4 G T G C 0.092 0.073 0.106 0.6647 8.2770 0.0040*
5 G C G C 0.046 0.066 0.032 2.1228  16.6480 < 0.0001*

The common haplotypes (frequency > 3%) are shown. *Significant p-values are shown
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