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Objectives  Located on chromosome 10q22-q23, the human neuregulin 3 (NRG3) is suggested as a strong positional and functional
candidate gene involved in the pathogenesis of schizophrenia. Several case-control studies examining the association between poly-
morphisms on NRG3 gene with schizophrenia and/or its traits (such as delusion) have been reported recently in cohorts of Han Chi-
nese, Ashkenazi Jews, Australians, white Americans of Western European ancestry and Koreans. Thus, this study aimed to investigate
the association of one SNP in exon 9 (rs2295933) of NRG3 gene with the risk of schizophrenia in a Korean population.

Methods  Using TagMan assay, rs2295933 in the exon 9 of NRG3 was genotyped in 435 patients with schizophrenia as cases and
393 unrelated healthy individuals as controls. Differences in frequency distributions were analyzed using logistic regression models
following various modes of genetic inheritance and controlling for age and sex as covariates.

Results  Subsequent analysis revealed that the frequency distribution of rs2295933 of NRG3 was not different between schizophre-
nia patients and healthy controls of Korean ethnicity.

Conclusions  This study does not support the role of NRG3 in schizophrenia in a Korean population.
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Fig. 1. Location of the SNPs in the NRG3 gene among which
rs2295933 is marked with * in the exon 9. Other six SNPs were locat-
ed in introns and analyzed previously in various populations. * :
rs2295933.

Table 1. Demographic profile of schizophrenia patients and normal
controls

Schizophrenia Normal controls
Number 435 393

Age 44.78 (23-76) 54.62 (28—-80)
Sex (M/F) 247/188 222/171

Analysis of age was performed by Student t-test and analysis of
sex was done by y-test. Mean (minimum-maximum) of each val-
ue is shown. M : male, F : female

Table 2. Minor allele frequency and Hardy-Weinberg equilibrium
of rs2295933

MAF HWE
S0 PC S0 PC
rs2295933 T >C 0.302 0.293 0.186 0.363

MAF : minor allele frequency, HWE : Hardy-Weinberg equilibri-
um, PC : population control, SZO : schizophrenia
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Table 3. Logistic analysis of rs2295933 genotype between schizophrenia patients and normal controls

Genotype distribution Codominant Dominant Recessive
Gene Loci Diagnosis OR OR OR
m <1 cc 9szcy P eswc) P swc) P
NRG3 152295933 Schizophrenia 216 (50.1%) 170 (39.4%) 45 (10.5%) 0.91 0.41 0.85 0.32 0.96 0.87
(0.72-1.15) (0.62-1.17) (0.57-1.61)

Normal controls 197 (50.9%)

153 (39.5%) 37 ( 9.6%)

Genotype distributions and p-values for logistic analyses of three alternative models (co-dominant, dominant and recessive

models) are shown. NC : normal controls, OR : odds ratio, Cl :

confidence interval

Table 4. Logistic case-control analysis of rs2295933 allele type between schizophrenia patients and normal controls

Allele distribution

Codominant

Gene Loci Diagnosis
° %) ) OR (95% CI) o
NRG3 rs2295933 Schizophrenia 602 (69.8) 260 (30.2) 0.90 (0.71-1.15) 0.40
Normal controls 547 (70.7) 227 (29.3)

Logistic regression models were used for calculating odds ratios (95% confidential interval) and corresponding p-values. OR :

odds ratio, ClI : confidence interval

130



Association Analysis of NRG3 Gene with Schizophrenia in a Korean Population I Shin S, et al

NLE |

Z2E ol gt SFEH|o]E AL E] o} 71do] A
SH=tl, NMDA 484 E3tAollA] 2H8-5h= il Sof tigh
NRGl-erbB4 Alodeo] Fafol| vt $750] Earsar ol
t}. Huang $2& Az 29| g} 22 AHE L o]&sle] A7
ARAQ AF-2 AsIS=], NRGLO.2 A=3F -9- A717
57 (long term potentiation)?] AAE-& H s} =4|,
NRGI2 N-Methyl-D-aspartate "}7§2] AH20] 28-S H
A1 Aol o B2 NRGIE] 2H8-2 o~amino-3-hydroxy—
5-methylisoxazole—4—propionic acid 5>8A& &3} A7]7|
ojz71e 245t Ao & ulollelrh Kwon S22 djule] CAl
JeiolA] T IS NRGIS] 3FS ZAFBI3S ol NRGID

7} SFEHO|E 4=8A4-15 E35E AMPA 4=8A41E5<] WA
BHinternalization)& Z38t0] B7|7|9574S XS &
1319, o)A 2-§5H= NRGl-erbB4 Al g Aol oh &
AR B2A7E Gk 7Fe 4= Sk o erbB4ell e
o] Al AL-E: uf7l|El= NRG32] down regulationS NRGI-
erbB4 ASAGA 0] G- 71t 4= Uk o2iet s At
& 1HsIE uf NRG3 - AAReF o] Aol thigh ¢

= A9 SHEE Aot

ofrAUA] Fhile) 2 SRS o= FHAF A%
2 AWet= ATEAGWASL] A+ oAl AMA|9] 10g
22-q23 ol el AIIS Hol= Alsrt veRd o
olo], tgte] gk F=ole] 2 3t 1234 S o R
Eols} o L o 2 as) Ax|E AT AT E Eoﬂr,].ﬂm)
NRG3 GAA= BEZ 10g22-q23 Fdo] 9Jx|3}a glomz
NRG39| @47 o d= 2@ ot A=l 2% &+

5391, oA Sl 55 W), 48R AFe] 0] we)
< o2 AIFE|SlaL 5’4 AtEol Qe gH=elS e
= O];qoﬂ /\]—EHE]O‘]T;]-23 27)

RS e = o AR}E9] o eAtollAl= NRG3 -4
22 RIEE ¢Joo]| fIx[eh= 071e] ©87] tha = (rs6584400,
rs1080293, rs1764072, rs1937970, rs677221, rs12416689)°]|
thste] ARSI O 2] SAISHA] fofu|gk gk
uizisA) erskel

1.2 Mb 4&=9] 3t 2715 7H NRG3 314k = @A77k
2] G w2 A AZeko]A(Alternative splicing)oll 2]
3) 8719] A} 553 (soforms)S AAgHkaL B Ec) 0E
2 Jof] 2A5}= 136588400, 1510802931} 151764072+= NRG3
TR HhAA] ez o 2 sEGHE AL E]R] b= Al of] Q1
sl glem g AL %%fﬂ % NRG3-a, -b} -d%2] Id
of %3} 249 &7 tdE0l

Ir

Fe 2 7bs Aol 9l 2l

ok 919] 4] 7he] HAL BEW B NRG3-a%-e %4 Bola]
o] gt o], NRG3-bok -4 thotet 1o Wz, =
5] e, AAE} o Aol A Axjsp Wastk B

m
fu
N

4
:

e} 156772213} 151937970 & tF NRG3 471 ¢l
of AL 1512416489+ JAEE 60 EAsh=t, gh=t
o & gk tellA] NRG32 QIEEC] $1xI8H= 6719] Tl
7] A S (156584400, 151080293, rs1764072, 151937970,
1s677221, 1512416689) T Z&g}o] EA|812]¢l -§-oJu|st
Ag-e B EA] okgtet””

whaba] ARHE-2 NRG3 F-737H2] ol oelo)] EAjgtrtar
HE & 5719 ©el7] trEAE = rs2295934(Argd72Ser),
rs17101193(Lys552Asn), rs17101196(Pro590Pro), rs959317
(Gly610VaD ¥} 1s2295933(Ser662Sen) -ollAl 24 diH IR
Q1% (minor allelem frequency, allele frequency)”} 0.05 ©14
ofofA] §4IA} AZO] AR TAIA fojulde] ¥5E = 3L
& 152295933(Ser662Sen)E AAste] 2 A-E THA] AlSYsE
ek ©Had7] AL 2 A 152295933(Ser662Ser)- oFn| At
o] Yisks oA o n R MEY Ik ute] oJahH thiz]
ABe] Zpolg Yo 7|2 ot Aol gt 7152 2tolE
31 ¢k 2108 Holut HT A5 ot AEEto]
Aeh, M (translation) ¥ TR 71553} 422 (conforma-
tion)oll FaF= 7|A4A ¢17ke] Aol theh 1F QA E &=
YTk oMol B % ATLE Fo A 1s2295933(Ser662S-
enE EZRE At T S e s AAE A &
dokd” z@APt fouldt ATk HolR] ot gl o
Ao 2 7 & Ao Anels I HE ol

ek g S0l tide R o7fe) 9] e
715k Ao A Zzﬂuu AFHS WOl 156772217 1s1937970
+ B NRG3 G2470] QIEE 20f] EARITE oFpAIUA] &
il THAIE thde g, 28] S Il QAR UHRo] 20
7N} NRG3 F37te] ©d7] et dadS 2ARSE
Anprol A z@e] WA Qlajet Odf?}% HJ rs6588400,
110802933} 1512416489 52 w47
T 7l JIEE 1ol EAEkL AHA= < % 6°ll —’E—ZH@E}.
T3 MelS thO & B Aol 2T} fofuigt &
TS 12l 156588400 UEE 1o EA8kr, A% 4 Als
) w=t WelS: iAo 2 gk Aol A] 2@t fofuigh o
-2 29 1565844003} 151764072 25 QIEE of A5}
Sk Thefeh W ko] ] G AP, 1FAR1 Ak
olo|| whe} theFaly] wiEell ok W= ek koA {A; o
@/l Aol Uehll= Aoz Hilt

rg
ftlo

ol

>~
m]n
ol
2
>
_>4_

O

¢}

o] AR vlia 24 9 et A4 vl
BE 2172 Q13 A AlREe] 9 4+ 9, At

Jjournal.biolpsychiatry.or.kr 131



Korean J Biol Psychiatry 12012;19:128-133

e A U] S T THICRE BRoP #l
240 Aot S/ AT Wshe Wit d
od 4= QIth NRG3 §-384= 24 SIX2U 7l A o= &=
o] WejAe]of Holdt Aoz FAERRE 2 Aol o]
2|3k 714o] ISEAl skt 5 ghole gt 7 2y
/g fAAe] digh A 2lgge] o Hadt Alo|ck

ofy
0z
r
2
3
Q

3- 289 - T d7) oAl - 152295933,

Acknowledgments
H ATL RAEXRG} BANIANFATAS] ATu|(No.
A101023) A Lo] &Jato] P2

Conflicts of interest
The authors have no financial conflicts of interest.

REFERENCES

1) Cardno AG, Gottesman II. Twin studies of schizophrenia: from
bow-and-arrow concordances to star wars Mx and functional ge-
nomics. Am J Med Genet 2000;97:12-17.

2) Stefansson H, Sigurdsson E, Steinthorsdottir V, Bjornsdottir S, Sig-
mundsson T, Ghosh S, et al. Neuregulin 1 and susceptibility to schizo-
phrenia. Am J Hum Genet 2002;71:877-892.

3) Stefansson H, Sarginson J, Kong A, Yates P, Steinthorsdottir V, Gud-
finnsson E, et al. Association of neuregulin 1 with schizophrenia
confirmed in a Scottish population. Am J Hum Genet 2003;72:83-87.

4) Fukui N, Muratake T, Kaneko N, Amagane H, Someya T. Supportive
evidence for neuregulin 1 as a susceptibility gene for schizophrenia
in a Japanese population. Neurosci Lett 2006;396:117-120.

5) Yang]JZ, Si TM, Ruan Y, Ling YS, Han YH, Wang XL, et al. Associa-
tion study of neuregulin 1 gene with schizophrenia. Mol Psychiatry
2003;8:706-709.

6) Kim JH, Park BL, Pasaje CF, Bae JS, Park CS, Cha B, et al. Lack of as-
sociations of neuregulin 1 variations with schizophrenia and smooth
pursuit eye movement abnormality in a Korean population. J Mol Neu-
rosci 2012;46:476-482.

7) Straub RE, Jiang Y, MacLean CJ, Ma Y, Webb BT, Myakishev MV, et
al. Genetic variation in the 6p22.3 gene DTNBPI, the human ortho-
log of the mouse dysbindin gene, is associated with schizophrenia.
Am J Hum Genet 2002;71:337-348.

8) Schwab SG, Knapp M, Mondabon S, Hallmayer J, Borrmann-Has-
senbach M, Albus M, et al. Support for association of schizophrenia
with genetic variation in the 6p22.3 gene, dysbindin, in sib-pair fam-
ilies with linkage and in an additional sample of triad families. Am J
Hum Genet 2003;72:185-190.

9) Van Den Bogaert A, Schumacher J, Schulze TG, Otte AC, Ohlraun S,
Kovalenko S, et al. The DTNBPI (dysbindin) gene contributes to
schizophrenia, depending on family history of the disease. Am J Hum
Genet 2003;73:1438-1443.

10) Kirov G, Ivanov D, Williams NM, Preece A, Nikolov I, Milev R, et al.
Strong evidence for association between the dystrobrevin binding
protein 1 gene (DTNBP1) and schizophrenia in 488 parent-offspring
trios from Bulgaria. Biol Psychiatry 2004;55:971-975.

11) Funke B, Finn CT, Plocik AM, Lake S, DeRosse P, Kane JM, et al. As-
sociation of the DTNBPI locus with schizophrenia in a U.S. popula-
tion. Am J Hum Genet 2004;75:891-898.

12) TangJX, Zhou J, Fan JB, Li XW, Shi YY, Gu NF, et al. Family-based
association study of DTNBP1 in 6p22.3 and schizophrenia. Mol Psy-
chiatry 2003;8:717-718.

13) Numakawa T, Yagasaki Y, Ishimoto T, Okada T, Suzuki T, Iwata N,

132

et al. Evidence of novel neuronal functions of dysbindin, a suscepti-
bility gene for schizophrenia. Hum Mol Genet 2004;13:2699-2708.

14) Moon HI, Lee YJ, Park BL, Shin HD, Choi IG, Han SH, et al. Associ-
ation analysis of polymorphisms on Dystrobrevin Binding Protein 1
(DTNBPI) Gene with schizophrenia in the Korean population. Kore-
an J Biol Psychiatry 2009;16:149-158.

15) Devon RS, Anderson S, Teague PW, Burgess P, Kipari TM, Semple
CA, etal. Identification of polymorphisms within Disrupted in Schizo-
phrenia 1 and Disrupted in Schizophrenia 2, and an investigation of
their association with schizophrenia and bipolar affective disorder.
Psychiatr Genet 2001;11:71-78.

16) Hodgkinson CA, Goldman D, Jaeger J, Persaud S, Kane JM, Lipsky
RH, et al. Disrupted in schizophrenia 1 (DISCI): association with
schizophrenia, schizoaffective disorder, and bipolar disorder. Am J
Hum Genet 2004;75:862-872.

17) Sachs NA, Sawa A, Holmes SE, Ross CA, DeLisi LE, Margolis RL. A
frameshift mutation in Disrupted in Schizophrenia | in an American
family with schizophrenia and schizoaffective disorder. Mol Psychi-
atry 2005;10:758-764.

18) ZhangF, Sarginson J, Crombie C, Walker N, St Clair D, Shaw D. Ge-
netic association between schizophrenia and the DISCI gene in the
Scottish population. Am J Med Genet B Neuropsychiatr Genet 2006;
141B:155-159.

19) Zhang X, Tochigi M, Ohashi J, Maeda K, Kato T, Okazaki Y, et al.
Association study of the DISCI/TRAX locus with schizophrenia in
a Japanese population. Schizophr Res 2005;79:175-180.

20) Mei L, Xiong WC. Neuregulin 1 in neural development, synaptic
plasticity and schizophrenia. Nat Rev Neurosci 2008;9:437-452.

21) Faraone SV, Hwu HG, Liu CM, Chen W], Tsuang MM, Liu SK, et al.
Genome scan of Han Chinese schizophrenia families from Taiwan:
confirmation of linkage to 10q22.3. Am J Psychiatry 2006;163:1760-
1766.

22) Fallin MD, Lasseter VK, Wolyniec PS, McGrath JA, Nestadt G, Valle
D, etal. Genomewide linkage scan for schizophrenia susceptibility
loci among Ashkenazi Jewish families shows evidence of linkage on
chromosome 10g22. Am J Hum Genet 2003;73:601-611.

23) Wang YC, ChenJY, Chen ML, Chen CH, Lai IC, Chen TT, et al. Neu-
regulin 3 genetic variations and susceptibility to schizophrenia in a
Chinese population. Biol Psychiatry 2008;64:1093-1096.

24) Chen PL, Avramopoulos D, Lasseter VK, McGrath JA, Fallin MD,
Liang KY, et al. Fine mapping on chromosome 10g22-q23 implicates
Neuregulin 3 in schizophrenia. Am J Hum Genet 2009;84:21-34.

25) Morar B, Dragovi¢ M, Waters FA, Chandler D, Kalaydjieva L, Jablen-
sky A. Neuregulin 3 (VRG3) as a susceptibility gene in a schizophre-
nia subtype with florid delusions and relatively spared cognition.
Mol Psychiatry 2011;16:860-866.

26) Kao WT, Wang Y, Kleinman JE, Lipska BK, Hyde TM, Weinberger
DR, et al. Common genetic variation in Neuregulin 3 (VRG3) influ-
ences risk for schizophrenia and impacts NRG3 expression in human
brain. Proc Natl Acad Sci U S A 2010;107:15619-15624.

27) Pasaje CF, Bae JS, Park BL, Cheong HS, Kim JH, Park TJ, et al. Neu-
regulin 3 does not confer risk for schizophrenia and smooth pursuit
eye movement abnormality in a Korean population. Genes Brain Be-
hav 2011;10:828-833.

28) Huang YZ, Won S, Ali DW, Wang Q, Tanowitz M, Du QS, et al. Reg-
ulation of neuregulin signaling by PSD-95 interacting with ErbB4 at
CNS synapses. Neuron 2000;26:443-455.

29) Kwon OB, Longart M, Vullhorst D, Hoffman DA, Buonanno A.
Neuregulin-1 reverses long-term potentiation at CAl hippocampal
synapses. J Neurosci 2005;25:9378-9383.

30) Banerjee A, Macdonald ML, Borgmann-Winter KE, Hahn CG. Neu-
regulin 1-erbB4 pathway in schizophrenia: from genes to an interac-
tome. Brain Res Bull 2010;83:132-139.

31) Sauna ZE, Kimchi-Sarfaty C. Understanding the contribution of syn-



Association Analysis of NRG3 Gene with Schizophrenia in a Korean Population I Shin S, et al

onymous mutations to human disease. Nat Rev Genet 2011;12:683-  33) Czech A, Fedyunin I, Zhang G, Ignatova Z. Silent mutations in sight:

691. co-variations in tRNA abundance as a key to unravel consequences
32) Plotkin JB, Kudla G. Synonymous but not the same: the causes and of silent mutations. Mol Biosyst 2010;6:1767-1772.

consequences of codon bias. Nat Rev Genet 2011;12:32-42.

Jjournal.biolpsychiatry.or.kr 133



