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(FZ)] BR . A9 EDUGAHE B 500k 5 R EE I CELSR2 5 75 4R R & A ™ (adolescent idiopathic
scoliosis , AIS) &9 [ AH D 75 5% « R 46 407 2k PR ARG 5 2 o % 02 g AL U S 17 E 1794 191 ALS A8 35 T 1040 41 1E
F 0 RN TR m X B A 41 A9 CELSR2 2 R A9 B BT 4 1141489111 ,rs6698843 I rs2281894 #1753 H 437, []
R} E AR HhC 4 PR AL BN 122 vh 43 T CELSR2 5 PR HLAth SR A% 17 198 22 25 M 40 (SNP) I P A0 A5 B . ARl gk
45 {5 AIS S5 (AIS 1) R 10 11 4F &% UT P (9 5 1 A1 005 55 2 (O BRZR) I HE 55 UL, L A 79 2 A 255 JOIL b 8 R 3k K
T2 5 o B R K56 4 BT ALIR) SNP A6 a5 d5e /NS A7 56 BRI 22 5 SR FH T 4G 56 6 201 1) 114 6 (R 8 3k /K 7 1k A7
GiAT b, Z55R 1794 0] AIS HE 1 1040 1 15 % X B AHE R rs 141489111 37 o5 A 46 0 51 58 25 | F A5 #0F 5 % 42
FENBIE N GG, SNP 17 45 1s6698843 Fl rs228 1894 FY H [K 15 K 25 {37 3 [ 45 3R A ATS 1 IE 7 X IR HE 7] K I
HVEZE R (P<0.05), GWAS ¥ o R Hofth 7 4~ F CELSR2 JE M E A SNP {7 &5 ATS 2R JC i 3% A0 &1 (P<
0.05)., CELSR2 % [H7E ATS 20 %t I8 41 M 55 LAY 26 8 /K S JG W 35 1k 25 57 (P<0.05) o 4538« B 4130 A9 B IR 3L N
CELSR2 I 1) 58 A5 {37 3 R0 22 25 M A0 1 AR 7 o I DUIE CTE v A3 B 40 30F , ALS /B 5 HESZ ILA1 40D CELSR2 R ik &
UL 5% . CELSR2 n BB 5 1U% AIS & 4E TGk,
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The correlation between CELSR2 gene and the susceptibility of adolescent idiopathic scoliosis in the
Chinese Han nationality/XUE Binchuan, WANG Yuwen, WU Zhichong, et al/Chinese Journal of Spine
and Spinal Cord, 2019, 29(9): 828-833

[Abstract] Objectives: To validate the correlation between the CELSR2 gene and the susceptibility of ado-
lescent idiopathic scoliosis(AIS) in the Chinese Han population. Methods: Allelic specific multiple ligase de-
tection reactions were used to genotype the previously reported CELSR2 gene susceptibility loci rs141489111,
rs6698843 and rs2281894 in 1794 AIS patients and 1040 healthy controls. The genotyping information of oth-
er single nucleotide polymorphism sites (SNPs) of the CELSR2 gene was analyzed based on the GWAS
database we previously published. The paravertebral muscles of 45 AIS patients (AIS group) and 10 age—
matched spinal trauma patients(Control group) were collected during the operation, which were used to evalu-
ate the expression tissue of CELSR2. Chi-square test was used to analyze the difference of the minor allele
frequency(MAF) of SNPs between the two groups, and Student’s t test was used to statistically compare the
gene expression level. Results: No mutation was detected in the rs141489111 locus of 1794 AIS patients or
1040 healthy controls, and all subjects had homozygous genotype GG. The genotypes and allele frequencies of
rs6698843 and rs2281894 were not significantly different between the AIS and control groups (P<0.05) . The
GWAS database showed that there was no significant correlation regarding genotypes or allele frequencies of
the other seven SNP loci located in the CELSR2 gene between the two groups(P<0.05) . Moreover, CELSR2
mRNA expression of paraspinal muscle in AIS patients was comparable with that in the controls (P<0.05) .

Conclusions: The mutation and polymorphisms sites of CELSR2 gene mentioned in previous reports have not
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been validated in Chinese Han population in our study,

expression in paravertebral muscles of AIS patients.

AIS in Han population.

and there was no obvious abnormality in CELSR2

Therefore, CELSR2 may not be related to the onset of

[Key words] Adolescent idiopathic scoliosis; CELSR2; Mutation; Single nucleotide polymorphism sites
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Medical School, Nanjing, 210008, China

D AERE & B HENY (adolescent idiopath-
ic scoliosis,AlIS) JE—MiF 'k THEMNE G
W |, &R RN 19%~3%", REC A KBEXLT
AIS % R 22 BT 95 4 B0 ALS A7 75 b 35 R RAE B
S (H H AR I B9 BOw R A B BEAE AT
T AIS BB AL 1% M) —FF g 1B A+
Ll R BE R R AE AIS K TR E B,
AIS AL B H AT AN TE, BEAE 223 0 42 2 Fh
AN a5 77 X A4 Y R i PR s A% X i
1A% T 2 DR - 35t 4% 410 {0 H 19 i 12 52 1 0
SR ALS 1 K99 Bt 8 32 Z2 i AS [) 808 2k R 3t
Al 7, Y ALS AR AR 25 R X 2R ALS
g A TN SRR AT TR R
Mo KT HRFE AIS A% 38 5t Miller 4505 564
10t A% 3% B 43 B A4 JE DA G IR 73BT (genome—wide
association study, GWAS) I H F Z G Pt AIS &
IR T IS AILS AH 56 i 0 3k X I8 Fifi
J& , 38 3 e 1R L PR DG IR 43 A AT GWAS 1 22 56 B
MATNI MTNRIB ESR1.LBX1 . PAX3 # it 5 5
AIS FHOCE, Bl 25 DU 52 R 1 Joe R s A I A
T AT R © AT B RS I BIF 5 LA 5 ATS
HH O Y JE [H 28 2R U011 Buchan S50 Y ™ 5 ALS
Joa 0l EAT A0 I Y, & B0 FBNT Al FBN2 2
DAL 11 2 70 S 5 1A T T R SR ALS I RURS: L 5 =2 L,
POC5 ,AKAP2 SLC39A8 55 3 [H [y 28 A8 A 5 8 4t
5 AIS A @ AR [EARERNE FER
F P R B S8 AR A S AR ME DL AR Ok M R
1980 H R E, B e [ RN ALS B R B
POCS A5 1 ¢.1336G>A 1 HSPG2 i [H % 48
fL i p.Asn786Ser, B K BETEDUIG AIS AHE 5 3|
B iEus el R gt X T 2 A IE AT Y 98 AR A A 7E
KEEARAS R FPHE P AT 500, A3 BT 0 H 5 ¢
Wi R ARG . P B — AT X By RPN
() B 52, Einarsdottir %5174 3% T CELSR2 3% A
5521 AT Y rs141489111 A7 o5 Y 4l L&
5 (c.G6859A ,p.A429V ) J i% Fk [ I 1) FR A% T 1R
% &M 7 & (single nucleotide polymorphism,

the Affiliated Drum Tower Hospital of Nanjing University

SNP)rs6698843 Fl 1s2281894 5 AIS 1 % % 17 1F
A, B H AT = CELSR2 JE K 78 HoAth A B
R IIE . ARG B TETE H EDUR A R E S
JFER CELSR2 5 AIS Ak rAH 2, 4
16 AIS H 41 RKF

1 #REFHE
L1 WF5ExER

UL 2009 4F 5 H ~2019 4 1 H kB wk 2
¥ 1794 1 AIS BHAABEIT, N AR DLk
@BUI% ;B Cobb f>20°, FT A ##E1T MRI A
IR T8 78 Y 1 28 T R fol 4 S LA 4 e PR 3R, R K
1040 44 filt & Lo PEAE A BEALXT R AL, 99 AdrifE . D
i JE X5 (Adam U5 ) S B s @2 K A HEBR A
B RGN ARG e # . A4
SRR B AC I Z DL s bE, TR PR 1%
G A
1.2 CELSR2 &R 2153

SR FH A5 A7 5 R R S P 22 0 2 A DU 152 0 (g
ase detection reaction, LDR )X} 5 4R 18 19 25 0L 2%
A 15141489111 K W55 W, SNPs (rs6698843
& 1rs2281894) 73 il 47 K H 3 B, Jiv >R H 9 51 4)
H4E GenBank (http://www.ncbi.nlm.nih.gov ) H 19 5
WA 8t R A A fo B8 Y GWAS
B 3k — 25 43 BT CELSR2 4 K HAB AL s 7 ATS
SR ANIE 0T IR P R DR 22 57 il AT PLINK K
4 (https://www.partners.org/~purcell/plink/down-
load.shtml ) B X A7 55, 119 3 PR Y 0 g /)N S5 47
PR A S8 R ¥ CELSR2 4P 19 SNPs
i3 HaploView (v2.6) 5 F it o | {8l F i 499 & 3
() GWAS Bt 2 LA A i) ALS G0 0 1E X IR 41
SNPs #9 HE K 73 B 45 2T 5 T kA7 3153 0 Hir s,
SR AR A2 1 AR I R Ik AR R & (Qiagen,
H A ZR50) DIV 1 200 i v 32 BORE T4 DNA 2
1 P 5 DR 0 8 SR 1 T S, FRATT BB AL 1E I 10%
HIAE AR AT sangerDNA il 757 DA X 43 4 45 2R k17
Bk
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1.3 CELSR2 3[R 41 413 35 /K P-4 il

RAICEE 45 B4 PE ALS B35 I 10 B4 1 4
DT C 1 5 A1 403 A8 2 AR A 5% UL 43 0 A 552 55 201
X HR A fFH Trizol 357 (QIAGEN, H A, R 52 ) 4%
HRBR VA U A S JBOUL A Hh RNA L B S, R 390 5
st 3l A & PrimeScript  RT  Master Mix kit
(TaKaRa, H A, 2R 50 ) ¥ HW e 5 . LUH Il -3
W i 2 (GAPDH ) i N5 | 38 2o 52 B 5% 5 o dat
F 4 a5 52V (Quantitative Real-time PCR) K
W, 5 AACE ¥ #4773 B L A5 3] CELSR2
LD AR e ik KT SRR RE S S i L3R
Lo R DR AIE S50 1 oA 1 A0 AT S0k | A i 3
ABAL
1.4 Sitsorbr

W 5 45 5 15 5% 1 SPSS 22.0 # {4  (SPSS 24
w) L ZNEE, 36 ED AT o A AR Ak ST R AR
T 5 b BTt s SR AL ] 22 % . iz H] Hardy -
Weinberg - i 6 56 50 11F P4 26 45 107 o5, 110 356 (X 43 71
SRR 7 0 B Xk S 06 20 N X BE 2 B LR R | S
BRI 22 5 HEATIPAl , X CELSR2 ik /K F
55 AIS SEE B AR AT AR DG AT, R
FH XU A 56 , P<0.05 AT e 1248 3L,

2 #R
2.1 ARG I AR B R

B A FER 4 T4 BT 0 ALS HEE A IR 1
— MR UL 2, PIALAT I R A E AR SE A ST
22225 (P<0.001)
2.2 A RUBTESAE HEE R BR A R i o A

S A WG G ARG T B rs141489111 £ A5
c.G6859A 275 B FER RI Yk GG, W4l SNP (1)
B DR R RN A5 A0 S R DL 3 9 ] 4 AN Xt R 4 2 (1)
1$6698843 v/ 55 11 5L [ B ST % (0.2% vs. 0.5% ,P=
0.41) K fe /NG5 ik B3R (5.4% vs. 6.1% ,P=
0.33) 70t P 25 5 ;rs2281894 {7 s 3k [K] 7Y 45
K (20.1% vs. 20.8% ,P=0.90) b F /N5 o7 K [K 45
F(40.8% vs. 41.1% ,P=0.82) )R L . E M # 5H
GWAS %4 ¢ i 7k CELSR2 L At At 3 PR A3 o5 3
PR 75 R 2557 e PRI 8 A B R0 B o G i 2

PR
2.3 CELSR2 3[4 213k 50 bt
FIT A 9 N R TE I IT 0 ALS JRE S Rl

F A (54.5°49.3°), H 5% H:4Mii 44 C i

(13.6+1.9 vs. 13.742.5 % ,P=0.97), AIS &5
A RESM A HE S L CELSR2 2 H 3%k K - 6
WM 25 (0.00036+0.00013 vs.  0.00039 +
0.00014,P=0.58, & 1);CELSR2 ik /K S i ™4
J' o R B N TG 3 A DG (P=0.43 &1 2)

3 itig

AIS K AL o A ¢ 4 W w3 8 B 2
ZFP R EATAE M 240 . BEE NI A
T3 5 R e P R R B R R, 2R ) Ik
S B s 5 ALS AHSC I, 3 T4 7y
A, Einarsdottir 55 7 % BU7E fii g FF 2 A BEH
CELSR2 A 5 AIS AARAHIC . ABF5EH, 1%k
PR L R A S5 AR A R DU ATS SB35 G B2
ANBER R e 2R, BN S AIS 1Y
S IR AR I A L DURE B R BE LT B E . 7E

®1 (PCR3IMER
Table 1 gPCR primer information
S 5191751

Gene Primer sequence
CELSR2
L#E51¥ Forward
TSI Reverse
GAPDH
L5149 Forward
TUE5IY Reverse

5'-GAGTCAACGGATTTGGTCGT-3'
5'-TTGATTTTGGAGGGATCTCG-3’

5'-GACAGAGGAAGTTCAGGATGACA-3'
5'-GTAGCGTTTGCAATCCAGCC-3’

F2 AISEEMMBAFHNEARH
Table 2 Basic information of AIS group and
control group

AISH#H

XIEARE

(n=1794)  (n=1040)
AIS Control P value
R
General information
il (x5, ) 131520 21368  <0.001
Age
FZM ™ Cobb £ (x4s,°) 38.2+6.4 L o
Cobb angle -
VAR (s, ) 12.0£0.8 o o
Menarche age e
IREFREL
BMI(kg/m?) 17.6+3.4 22.5+5.6 <0.001
a5y
Curve type
L A (] 1139 - B
Thoracic curve
WA () o o
Double curve 422
F I (B 3 o -

Lumbar curve
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K3 AISEEMEEWNRBP SNPHERBMNEMERFENLH
Table 3 Distribution of genotypes and allele frequencies of SNPs in AIS patients and control group
SNP He R 7 Pl E e PlH OR
b Genotypes P value Allele P value (95%CI)
1517035630 N 1.00
) AA AG cC 0.16 Al c 094 oeb i)
Wiﬁ%(”:m‘” 312(17.4%) 929(51.8%)  553(30.8%) 1553(43.3%)  2035(56.7%)
S group
omitet —
m“%io;';}‘)‘w) 201(19.3%) 501(48.2%)  338(32.5%) 903(43.4%)  1177(56.6%)
157528419 . 0.98
R cG CA AA 0.85 I A 086 (o7rorom
’Wﬁ%l’};}l?‘” 0(0.0%)  196(10.9%) 1598(89.1%) 196(5.5%)  3392(94.5%)
omitet —
W“?O;';}O‘w) 0(0.0%) 116(11.2%)  924(88.8%) 116(5.6%)  1964(94.4%)
151277917 . 0.86
et cc G cC 037 co c 045 850,
) il 41 —
’Wﬁ% (gmf;g‘” 0(0.0%)  64(3.6%)  1730(96.4%) 64(1.8%)  3524(98.2%)
HIRAL=1040)y0.19%)  413.9%)  998(96.0%) 43(2.1%)  2037(97.9%)
rs12740374 - . ey 1.01
TR ) G cC 0.98 T c Y
F il 4 _
Wﬁ% (gr;};%) 6(03%)  195(10.9%) 1593 (88.8%) 207(58%)  3381(94.2%)
i B 4] -
XT“”'CEO;’;—O{O‘W 3(03%) 113(10.9%)  924(88.8%) 119(5.7%)  1961(94.3%)
15660240 . 1.02
o T TC cc 0.97 T C 085 (g1 Ta0)
Wﬁ%(:};}ﬁ“) 6(0.3%)  203(113%) 1585(88.4%) 215(6.0%)  3373(94.0%)
omitet —
W“%ﬁo;’};jo“m 3(03%) 116(112%)  921(88.6%) 122(59%)  1958(94.1%)
rs629301 - o 0) M 0.98
B aLans) ce T ) 0.98 ¢l ) 084 (1792000,
Wﬁ%(:};}ﬁ“) 7(04%)  214(119%) 1573(87.7%) 208(64%)  3360(93.6%)
omitt —
W‘%O;’;%O“m 4(04%)  127(122%)  909(87.4%) 135(6.5%)  1945(93.5%)
154970834 . o . 1.05
AL Tl TC cc 0.86 T C 072 osi'hss)
Wﬂfg(":m‘” 3(02%)  169(9.4%)  1622(90.4%) 175(49%)  3413(95.1%)
S group
omitet —
XTE“?OE]’;%O‘W 10.1%)  95(9.1%)  944(90.8%) 97(47%)  1983(95.3%)
156698843 . 0.89
PR AA AC cc 0.41 Al C 033 o150,
S il 4] _
RO =1T94)  402%)  187(104%) 1603(89.4%) 195(5.4%)  3393(94.6%)
S group
omitt —
m“ég‘ofl’;%"“m 5(0.5%)  116(11.2%)  919(88.4%) 126(6.1%)  1954(93.9%)
152281894 . 0.99
R AA AC cc 0.90 Al C 082 (891 10)
) 4] -
i (;011;94) 361(20.1%) 742(41.1%)  691(38.5%) 1464(40.8%)  2124(59.2%)
X‘J‘ﬁﬁﬁgﬁ}o‘“’) 216(20.8%) 423(40.7%)  401(38.6%) 855(41.1%)  1225(58.9%)

T e/ 2 A

Note: (DMinimal allele
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Figure 1 Expression level of CELSR2 in AIS patients and control patients

expression level and scoliosis severity in patients with AIS
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Figure 2 Correlation between CELSR2
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