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Abstract

BEBBERMEAEE (AIS)MGenome-wide association study

(GWAS)IC& V) B5s i, Chr.7p22.3MFEFIZ DL\ Tin vitrof T 2174 2 1=, Z D815 Tlklinkage
disequilibrium >0.8M28ENAISICBIET S EEX SN BSNPEREFRL 2, £ Z N Zin silicofi#
MICKY ., AISOREEEZEICEETSDY / LAEBRO/NUT VNI DCRVIAAKE, TD3I DD
NIT RN EBEZZEEZSNDERBOERLREFORREAN DXL %CRISPR-dCas9-KRABD
RICTHAX . ChIZKrs78148157TALEIIAUNCXDRBRICHEEZERX D NP 2 I,
BNVT 2 MNMIRHUEMSAILT, PLIABOBEDRE DZ0OHEN, ST LILICHKETDE
ERFOREZET . COMITICKY), rs7814815MAISUR I NI TV N EECESIICE. EG
RIEVWSHEERFARETDCEN DA 2. SOAISURI/NYT > NEADEFIAUNCXEEF
N7OFE—2—EUABERZREZWRERMRTHIAIT2ZEALELR—2—T Y £/ L TH#
WL, AISURINDU T NEUNCXBEEFORAZ LREEDH ZENMHBAL I, (p=0.027) EIC
.EGR1IZCZORTHRRE LD E, UNCXEGFORREOEFUARITLILE S/ IVARITL
LTEICERLE, cOEL S, AISOGWASBIEYT / ABEBO/NUT > Y, EERFEGR1
ZNUTUNCXOREREZABL TWB MBS HER DT,

In vitroRERIZ T, AISOUAI/NUT > MTRUNCXEGZFORBEEN LFL TVWSD TS
nizfz®H. In

VIVODRBRZFE L 2o 7574 Y2 21U TUNCXORKBEEN LR TBLSIC
MRNADXY A VA4 V2T 92 32 %7821z, THEUNCXmRNAZREEhWIZET 5714 Y
21T, TOREERFEHICEHOTE, ABMOMAY) ZHBFEL . UNCXORRERRGET
Z74Y 2 1THBMERT2ZEELU .

In vitro analysis was performed on the region of Chr.7p22.3 obtained by the Genome-wide
association study (GWAS) of idiopathic adolescent scoliosis (AlS). In this region, 28 SNPs with
linkage disequilibrium> 0.8 were candidates SNPs thought to be related to AIS pathogenicity. First,
in silico analysis narrowed down the candidate variants into three variants in the genomic region.
The effects of the three variants on the expression of genes in the region were investigated using
the CRISPR-dCas9-KRAB system. This analysis revealed sequence around rs78148157 affects
the UNCX expression. For the rs78148157, EMSA was used to analyze the difference in binding
strength between alleles and identified transcription factors that bind to alleles. In this assay, a
transcription factor EGR1 bind to the AIS risk variant of rs7814815. The effect of the AIS risk
variant on the promoter activity of the UNCX gene was analyzed by a reporter assay using A172,
which is a nervous tissue cell. The AIS risk variant increased the expression of the UNCX gene. (p
= 0.027) Furthermore, when EGR1 was co-expressed in this system, the difference in the promoter
activity of the UNCX gene was further enhanced between the risk allele and the non-risk allele.
This revealed that a variant of the GWAS-related genomic region of AlS regulates UNCX
expression via the transcription factor EGR1.

In vivo experiment was performed using zebrafish embryo since the expression level of the UNCX
thought be increased in the AIS patient. Microinjection of UNCX mRNA was performed on
zebrafish embryos so that the expression level of UNCX was increased. In the zebrafish with
UNCX mRNA was administered, spinal malformation and body axis bending were confirmed in
dose dependent manner. The increased expression of UNCX resulted body axis deformation in
zebrafish.
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Identification of a functional susceptibility variant for adolescent idiopathic scoliosis that upregulates EGRI-mediated UNCX
expression

1. HIREERFROBE

BEUSFEMERIZE (AIS)D Genome—wide association study (GWAS)IZ&YEF{ SN T=. Chr.7p22.3 WA IZDULNT in vitro BT E 1T
fiot=, DB T linkage disequilibrium > 0.8 0 28 A AIS IZE8E T BEEZ DN D SNP LT, T TN%E in silico 4T
IZkY. AIS OREEEAZICEET 35/ LEBRD /N T UR3DITRYRAAT, FDO3DDN)FUMNNELE 2 5LEZ2 5n5FE48
BOEEGEFDOEBE~DFE% CRISPR-dCas9-KRAB D RIZTH Rz, ThiZkl) rs78148157 [FBAEZF|HY UNCX DR ICEEFS
ZBIED DTz, R/NUTUMIFL EMSA ST, PULTEDHEE DESOEDHEN . BEUTLUIICHEETIEERFORIEE
T2tz CORITIZEKY . rs7814815 D AIS YRI N7 ULEESTESZIX, EGR1 EWSEERFAKE T EIEN M2z, 2D
AIS YR\ T RELDERHIA UNCX BIZF D TOE—F—FMANSZ 5B MBRABETHD A2 #EALILER—2—7Y
TAIZTHEFL.AIS URINYTURE UNCX BIEFOHREE LF I EMHIBALT-, (p=0.027) FIZ.EGR1 Z_NDHRTHFERX
BHE UNCX BEFORREDE(FIRITUILE/V)RIDTLUIILTREIZER LI, COIZEND, AIS 0 GWAS BiEYS / LB D
YT EEEEF EGR1 /'L T UNCX DRIFZFAEBL TSI EMNBESMELEST=,

In vitro EERIZ T, AIS DUYRI/NYTFTURTIEUNCX BEFORBEEN LRELTWBIEAHFINTT=8H. In vivo DEERFETEL
2o TITS5T4 9 B LT UNCX DHEIREN LR TBLSIZ MRNA DRAVOAL D2 oS3 ETHoT-, T5HE UNCX mRNA &
BESNF=EIST4yaTlE,. TOREEXREFEICEHOITG., AEOMAYEEZRL-. UNCX DHEIRER(EIEITST4vaT
L NED A 5 e U

2. MIRERRAEEOBE FER)

In vitro analysis was performed on the region of Chr.7p22.3 obtained by the Genome-wide association study (GWAS) of idiopathic
adolescent scoliosis (AIS). In this region, 28 SNPs with linkage disequilibrium> 0.8 were candidates SNPs thought to be related to AIS
pathogenicity. First, in silico analysis narrowed down the candidate variants into three variants in the genomic region. The effects of
the three variants on the expression of genes in the region were investigated using the CRISPR-dCas9-KRAB system. This analysis
revealed sequence around rs78148157 affects the UNCX expression. For the rs78148157, EMSA was used to analyze the difference
in binding strength between alleles and identified transcription factors that bind to alleles. In this assay, a transcription factor EGR1
bind to the AIS risk variant of rs7814815. The effect of the AIS risk variant on the promoter activity of the UNCX gene was analyzed
by a reporter assay using A172, which is a nervous tissue cell. The AIS risk variant increased the expression of the UNCX gene. (p =
0.027) Furthermore, when EGR1 was co—expressed in this system, the difference in the promoter activity of the UNCX gene was
further enhanced between the risk allele and the non-risk allele. This revealed that a variant of the GWAS-related genomic region of
AIS regulates UNCX expression via the transcription factor EGR1.

In vivo experiment was performed using zebrafish embryo since the expression level of the UNCX thought be increased in the AIS
patient. Microinjection of UNCX mRNA was performed on zebrafish embryos so that the expression level of UNCX was increased. In
the zebrafish with UNCX mRNA was administered, spinal malformation and body axis bending were confirmed in dose dependent
manner. The increased expression of UNCX resulted body axis deformation in zebrafish.
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