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| ABSTRACT I

bjectives : Schizophrenia is equally distributed in both sexes. However, later—onset, milder psychopathology, and
O better outcome are associated with the females. This reason is thought to be partly due to the estrogen system.

Recently, it was suggested that estrogen receptor 1(ESR1) gene polymorphisms might affect the expres-
sion of ESR1 and were associated with several psychiatric disorders. Thus, we investigated the association between
two single nucleotide polymorphisms(SNPs) in the ESR1 gene and Korean schizophrenic patients in this study.

Methods : Genotype, allele, and haplotype frequencies of the two SNPs(rs 2234693 and rs 2228480) were
analyzed between 218 Korean controls and 158 Korean schizophrenic patients. Also, age of onset and negative
symptom scale scores according to genotypes were analyzed in the patients with schizophrenia.

Results : There was a significant difference in allele frequencies of rs 2234693 between the schizophrenic
patients and the controls(p=0.03). Genotype distributions(p=0.03) and allele frequencies(p=0.01) of rs 2234693
were significantly different between the female schizophrenic patients and the female controls. The frequency
of TC—CC genotypes compared with TT genotype in the female schizophrenic patients was significantly higher
than that in the female controls(OR=2.36). The mean age of onset in the schizophrenic patients with TC—CC
genotypes was significantly lower than that in the patients with TT genotype. The frequency of rs 2234693C—
rs 2228480G haplotype in the female schizophrenic patients was relatively higher than that in the female controls.

Conclusions : These results of our study support the possibility that the ESR1 gene polymorphisms might be
involved in the susceptibility of females to schizophrenia and play a role in sex difference of schizophrenia.

KEY WORDS : Estrogen receptor 1 - Schizophrenia - Association - Single nucleotide polymorphism.
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tubeel] Yol $315 WA|sk thy DNAE FZ317] A7k
2] —20°Cell B3I%ith DNA F%2 DNA Isolation
Kit(Roche, Manheim, Germany) S ©]-&3I3it}h 2ml
9] o] AYFGdFd 6mlE 7ot F 4L
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S 918 PCRE F%¥ 100ng/ul®] DNA lulell 10X

PCR €549 (pH 8.3, 100mM Tris—HCl, 500mM
KCl, 15mM MgCly) 3ul, 2.5mM dNTP 1ul, 10pM
primer Z} 1ul, Tag DNA polymerase (Biotool, USA)
0.2ul(5UMD), 33 5575 22.8ulE £33 ¥ 30ulE
W= & Master cycler gradient (Eppendorf, Hamburg,
Germany) ol Al¥3l3lEl 2557 94ColM 585
A8 & denaturation 95Cel|4] 30%, annealing=
rs 22346932 64CollA 30%, rs 22284802 67Tl
A1 30%, extension 72CelA 1202 353] RHHE3t
T extensions =thgksl7] S8l 72T 5E-E A
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luminator $lol4 DNA Hi=e] $IXE #2s1lch A
gha s Pyullel o8] AekeA] o= 499 1.3kb @
= (CC genotype), Aes= 7-9-¢] 850/450bp2] ©]
ZME=(TT genotype), 183l 1.3kb 2} 850/450bp7}
B UeRbs AHE(TC genotype) 8 37H4 #-4
e T S Tk rs 2228480 SNPel| thaiA
= A3+aA Btgl(New England Biolabs, USA) el &
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Table 1. Genotype distributions and allele frequencies of rs 2234693 and rs 2228480 polymorphisms of ESR 1 gene in

patients with schizophrenia and controls
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Aol WEE %
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O {3 Aol LRI Skt
rs 2234693014 AR FAEt A4 T

fHAY W OiESNA HIE
W gkt at A4 e ESR1 A U
rs 22346937 rs 22284809 A&7}
Lol YeRgQlch & SNPY
AW @Ay} Atz 2l
A Hardy—Weinberg equilibrium® 1ZX]9} 42

Total Female® Male
Controls SPR Controls SPR Controls SPR
n=218 n=158 n=107 n=68 n=111 n=90
rs 2234693

Genotype
I 95(43.6) 53(33.5) 53(49.5) 20(29.4) 42(37.8) 33(36.7)
C 92(42.2) 74(46.8) 39(36.5) 32(47.1) 53(47.7) 42(46.7)
CC 31(14.2) 31(19.7) 15(14.0) 16(23.5) 16(14.5) 15(16.6)
I 95(43.6) 53(33.5) 53(49.5) 20(29.4) 42(37.8) 33(36.7)
1Cc-cc? 123(56.4) 105(66.5) 54(50.5) 48(70.6) 69(62.2) 57(63.3)
TT-1C 187(85.8) 127(80.3) 92(86.0) 52(76.5) 95(85.5) 75(83.4)
CC 31(14.2) 31(19.7) 15(14.0) 16(23.5) 16(14.5) 15(16.6)

Allele '
T 0.65 0.57 0.68 0.53 0.62 0.6
C 0.35 0.43 0.32 0.47 0.38 0.4

rs 2228480

Genotype
GG 138(63.3) 93(58.9) 62(57.9) 41(60.3) 76(68.5) 52(57.8)
GA 73(33.5) 61(38.6) 41(38.4) 24(35.3) 32(28.8) 37(41.1)
AA 7(3.2) 4( 2.5) 4( 3.7) 3( 4.4) 3( 27 1( 1.1
GG 138(63.3) 93(58.9) 62(57.9) 41(60.3) 76(68.5) 52(57.8)
GA-AA 80(36.7) 65(41.1) 45(42.1) 27(39.7) 35(31.5) 38(42.2)
GG-GA 211(96.8) 154(97.5) 103(96.3) 65(95.6) 108(97.3) 89(98.9)
AA 7(3.2) 4( 2.5) 4( 3.7) 3( 4.4) 3( 27 1(1.1)

Allele
G 0.8 0.78 0.77 0.78 0.83 0.78
A 0.2 0.22 0.23 0.22 0.17 0.22

* . SPR patients with schizophrenia. Values of genotypes are n(%), and values of alleles are frequencies. T : Dif-
ference in allele frequencies of rs 2234693 : patients with schizophrenia vs. controls, x2=4.605, df=1, p=0.03, OR
(95% CI) =1.38(1.03—1.86). T : Difference in genotype distributions of rs 2234693 : female patients with schizoph-
renia vs. female controls, x2=7.312, df=2, p=0.03 ; difference of allele frequencies, x2=7.747, df=1, p=0.01,
OR=1.87(1.20—2.91). § : Difference in TT vs. TC-CC genotypes of rs 2234693 : female patients with schizophre-
nia vs. female controls, x2=6.923, df=1, p=0.01, OR=2.36(1.24—4.49)
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Table 2. Comparison of age of onset and SANS scores
according to genotypes in patients with schi-

zohprenia*
Age of onset  SANS scores
rs 2234693
Genotype
TT(n=53) 29.7+t9.4 60.2+24.5
TC-CC(n=105) ' 25.7+8.1 56.5+25.8
TTI-TC(n=127) 27 +8.7 59.2+24.9
CC(n=31) 27 +8.9 52 +26.4
rs 2228480
Genotype
GG (n=93) 27.4+9.3 58.4+26.9
GA-AA(n=65) 26.4+7.8 56.9+23.1
GG-GA(n=154) 27.1+8.8 57.6+25.6
AA(n=4)* 23 +65 65.3+ 4.9

* : Values are mean tstandard deviation, T : Diffe-
rence of mean age of onset in TT vs. TC-CC geno-
types of rs 2234693, t=2.796, df=156, p=0.01, ¥ : Dif-
ference of SANS scores in GG-GA vs. AA genotypes
of rs 2228480, t=—2.389, df=8.631, p=0.04

Aoz folg Aols oA ghgkom, W Par
gy AT B ) uiRT Aol vlaeM s £
A (£2=3.709, df=2, p=0.16) L FaA (5 %=
1.329, df=1, p=0.25) o] 25 §2o]8t WEA}E Ko
=] okoket,

3. RUARYY| M2 WP Hu (= 2)

AAEA SRl A rs 22346939] Ak o u}
wh A o] HES TT S8 Fo] 29.7+9.44)
om TC-CC 34 o] 25.7+8. 1412 & & 3+

of ]38k 2pol S BYTH(t=2.796, df=156, p=0.01).

TT-TC F8x8 #+@27+8.74) 3} CC F+448 +

(27£8.94) 9] vlaeAE Folgh alo]& HolA] kst

THt=0.013, df=156, p=0.99).
rs 2228480141 GG 28 72 Hit g
0] 27.4+9.34] gloH] GA-AA S48 To] 264+

T8HE T o Zhel fefgk zpol7t §19lem (¢=0.706,

df=156, p=0.48), GG—GA -+ #(27.1+£8.84))

I AA AR F(23+£6.54) 9 Bl E f2d

o) & HolA] Ak} (t=0.931, df=156, p=0.35).

FUARE| ME 3¥5Y M (SANS)S Hlud (£ 2)

Xé AEAY gl A rs 22346939] ARl u}
2 SAFA) FEATE TT S448 Fo] 602+
245, TC-CC 2124 EO] 56512588 ¥ & 7t
off feJgk 2fo]& Holx| AgkoH (1=0.873, di=156,
p=0.38), TT-TC 3848 7(59.2+24.9) 7} CC
A FH(52+26.4) 9 BlaolME o 2olE B
o]#] ¢kekh(t=1.409, df=156, p=0.16).

rs 22284800141 GG #4043 o] 58.4£26.9,
GA—AA #3828 o] 56.9+23.1% F 7 7ol
oJgt zfolE YA ekokot(t=0.355, df=156,

%‘L i

Table 3. Haplotype frequencies of rs 2234693 and rs
2228480 in female patients with schizophrenia
and female controls*

Female Female patients
controls  with schizophrenia
rs 2234693 rs 2228480
T G 0.515 0.393
C G 0.256 0.386
T A 0.162 0.136
C A 0.067 0.085

* 1 x2=7.82, df=3, p=0.049, D’=0.15
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