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The region of chromosome 5p14 is known to be associated with autism spectrum disorder (ASD). The cadherin9

(CDHY) and cadherin10 (CDH10) genes are located in the region of chromosome 5p14 and reported to be associated with ASD
in the Caucasian population. We performed an association study to identify if single nucleotide polymorphisms (SNPs) located on
the CDH9 and CDH10 genes are associated in the Korean population.

Methods :

Genomic DNA was extracted from the blood of 214 patients with ASD and 258 controls. SNPs selected from two

genes were genotyped using an Illumina Golden-Gate Genotyping assay with VeraCode technology. Statistical analysis was per-
formed using SAS and Plink software.

Results :

All controls and ASD patients were in Hardy-Weinberg equilibrium. In the results of logistic regression analyses for

the genotype model and the chi-square test for the allele model, we found that SNPs on the CDH9 and CDH1( genes were not as-
sociated with ASD.

Conclusion : Our data suggests that the CDH9 and CDH 10 genes are not associated with ASD in the Korean population.

KEY WORDS : Autism Spectrum Disorder - CDHY - CDHI10 - 5p14 - Association study - Polymorphism.

SHAQ) Wb o)A AF81A AEAkg U OJAtAEe)] Fofe]
N =2 uf, Aakel T4, ofn] ghis whEolt A, el E A WE
52 Hol 417 Eaﬂoﬂow ASDiz ARle] e 54

A A E- Aol (autism spectrum disorders, ASD)= A AZF=7} th20, DSM-TV & SoflA] Aurzgl v
FH4eh2 120101 42 18Y / MAFRIR 1 2010 68 13Y Zofo] sl L Z]'wﬂ;g'oﬂ(autlstlc disorder), O} A F3

Address for correspondence :Kyu Bum Kwack, Ph.D., Department of Biomedical

E Z}lo < di =]
Science, College of Life Science, CHA University, 43 Beolmal-ro 30beon—gil, Bun- (Asperger’s syndrome), #| =7 (Rett’s disorder), B
dang-gu, Seongnam 463-836, Korea FEX] b= HukA ‘Q’%L%POH(pervaSive developmental dis-
Tel : +82.31-725-8376, Fax : +82.31-725-8350 . . o s D
E—mail © kbkwack@cha.ac kr order not otherwise specified, PDD-NOS)E& 233t}
2 A7 EUSKIR (A040002, AOBO734)LIHO| XIHS 2 4AE|OfE, ASD % A Aol 10,0000 2~512] 4852 Holu,

— 287 —



SH=2Q1 XIHZ 1 CDHI, CDH10 SR Htd A2

SD= o] of el uia] 2~4 1 12 WY WiEsh dzom Y o

[e]
o
ASDQ] #gAJo} Aol 4] A7t Aot 92%, ol
HAYOL= 10%2] LA|go] Hiw Y 52 Aulatol & ASD
o] Wio] 314 ajlo] WA= AME SRSl gt
ASD] HRIFAAE 2] fl8iA AR A|(genome-
wide)E tiAe 2 ot 4 A7thEA(single nucleotide poly-
morphism, SNP)= 235t thfFst Aytd A7 xlggo] &
%13l Nrxnl, Nign3, Nign4, Shank3 7AA1e] AxtAdo] H a1
SQietY =3t 2 5w G| T A Holl A fAIA} o]
o] A4 7L ASDE ¢ g-Eo| 77)gt ojglo|Hr} ¢
s AAIpE B g
Spld o) ZA35t= CDHY[cadherin 9, type 11(T2-cad-
herin)l®} CDHI0[cadherin 10, type 1I(T2-cadherin)l< type
II cadherin®|| €5} ZHz2] &4 stof Al2E 7F H-2Hcell-cell
adhesion)& "i7lgtch CDHI10S EN A (blood-brain
barrien)?] YT} FAlof| S23t S st A Aol F7F
& 0} CDHIT}F CDHI0) ZE3=]0] 9= Spla] Gool E4)
3l SNPE©] 79 21E2] ASDE} o] HalH vl QLo
L9 ofXot 9150 ASDE} T Q= K ar= LS Aol
olof i AR5 =il I CDHITF CDHI0 7314}l
A FAAR] o] JEFS £ 4= 9= SNPE AAsk] o=
9] FAHE ERlskaL g A4S F3ll ASDete] HdE

A8k

1. SO
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8-ato] Zeksict 25 A¥E ASD -2 dAdo] 192,
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2 A= AA 7138229 Y 3] (Institutional Review Bo-
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AR AR ATE A (genome wide association study)©lA]
W2 9] oIS nhAE ARl whet Al 16 - (type
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© 2 Infinium II HumanExon510s—Duo chip(Illumina Inc.,
San Diego, LA)& A& ARSI -84 HAb= &
TAZF AAIEE W 2 Agsieict 1940l A8 Infini-
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Wang 578 Caucasians O 2 Spld.] Y 5 CDHI
¥} CDHI0 7329 S5 intergenic ol o Folet 4
5 YRR Aike] A=A e fiske] &2 CDHI}
CDHI10 -3A+e] @yt Ap|Fake] Avde Harslh
H A Lol A= CDHI9YF CDHIO 8-AAF 923} intergenic
o7t linkage disequilibrium(LD)o] ZA5}=32] EAI5}7]
Q5te] CDHY93} CDHI0 374t 2 intergenic 9% Zwlo] 4
7 AEek SNPS tiARC. 2 LD block®] B34S =ASHAT
71 A3} CDHY, CDHI0 {-A*} 18] 31 intergenic F-$Jol| o
270¢] £2]E LD blocke] dAJo] BFAE] QI

X745 SNPO| A= A& 8] 47} Alo] Fisher's exact
test= a3} ZAME 5pl4.]l Gl 4] multiple compar-
isong FI5HE FoAE AYE=(p<10) SNP2 RHEAEA]
ot AiH o & W pvalueE ZH=(p<10”) SNPE
2 24| VeraCode H412] SNP chip Aol &85 SNPS
&2 Atz 2853t

ZZ£2A S 2 CDHY° 4= intron region®l|A 27}, nonsyn-
onymous region®l|4] 37}, synonymous region®l| 4] 17}, & 6
7N9] SNPS 414351931, CDHI09| A= intron region®|A] 6
7H, nonsynonymous region®| A 17§¢] SNP& A3}t
CDHY Y CDHI0°)| £A|5l+= SNP=2| 3 E &5
A CHFig. 1, 2). CDHN A= 27H, CDHI0 A= 174
©] SNP°| monomorphicdte] ZAofl A A 253t

CDHY, CDHI0 72k} ASDEFe] A3tAdS ilshr] 9
off o1} o] EA1S 23t st bl L HE 74
< S8l BIAES AASHAL 7182 p-value>. 052 319
cl G- HA}F BAol M= CDHY9T} CDHI02) intron¥} non-
synonymous®]| $]X5l= 10712 SNPELS 25 p-value>
052 F-ol81A] koith Et 7F f4s 2427 394, &
73, @4°] wAH]OA B p-value> 052 F-OJ7F ZFol= §
Tk (Table 1).

Gabriel 501 AIAIRE Fare|Eol wet CDHY, CDHI0IA]
Z}zy 17), 2712] LD £5°] 34 Hglon, 444 1y H=
Hh=A)| % (haplotype)= &A413t A3} p-value>.05% 9|t
Atol= ATHTable 2).

FI71R o 7 SR} A A8 (gene-gene interaction)< &
A5t A3} 0.05 vRke] p-valueE LEFH AR T Bonferroni
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The genetic map and SNPs in CDH9 on chromosome 5p14
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Fig. 1. Gene map of CDH9 on chromosome 5p14 and linkage disequilibrium (LD) blocks. A : Gene map and SNPs in CDH9. Exons are
shown as black boxes, and the 5'- and 3'-UTRs are marked by white boxes. B : Linkage disequilibriums (|D'|) among CDH9 polymor-
phisms and haplotypes

The genetic map and SNPs in CDH10 on chromosome 5p14
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Fig. 2. Gene map of CDH10 on chromosome 5p14 and linkage disequiliorium (LD) blocks. A : Gene map and SNPs in CDH10. Exons are
shown as black boxes, and the 5'- and 3'-UTRs are marked by white boxes. B : Linkage disequilibriums (|D’ |) among CDHI0 polymor-
phisms and haplotypes

perfamily+= classical cadherin, desmosomal cadherin, pro-
tocadherin, atypical cadherin& & Ul ~1107]19] o}n|i=
A 27| 2 AR 1~34709] extracellular cadherin do-
main] &3}

Cadherin Z9E/4 Al 2} A2 A, vfdido] o
oLz B9t M| Qla]of Frofatm 2] gAY FHoF o
Ao Trofak B ofLjat AM|Z M THE MM ER
Al 22 5ho] 417 32 W 9l AA Aol Fast
&2 3} 8 (Classical cadherine type I, 12 WHI
type [°l+= E, N, P, R-cadherin(epithelial, neural, placental,

retinal-cadherins)©] 2:3}H"%% type [[= cadherin5-12 &
A} 45351} Cadherin family©l] €58= 9-#4x7}F 29
S AU EAH|7F dofjub= 7w, T Zof] iy E
) o4} (ectodermal dysplasia), 7}2FE5(ectrodactyly),
HFo]AFZ(macular dystrophy)s 22| €glo] Emi® 4
A f-1eH(lobular breast cancen)™® @ 9]ote] o] 3}
& HjAE Ao 2 AAE I ek

CDHY, 10 SRA= type 11 cadherin®] £3HH A17A|Z
. 2Hneuronal cell-adhesions)e]] ¥oja}ar™ k], A1AHRL0] A

FropilsE, WA SollM EdE =t 53] HolA #A T

o

— 290 —



3

3

ofoz]

0LUMBYPDD : 0 HJD ‘6ULBYPDD : $HAD ‘[PAISIUI ©DUSPYUOD ; D “JOPIOSIP Winipdads WsHND : dSy "eusb ¢HgD uo swsiydiowAjod apios|onu ebuls ; L ‘eusb ([ HJD uo swsiydiow
-Ajod apijos|onu SIBUIS : * “USAID SID S|9POU SAISSSIS1 “JUDUILIOP “SALIPPD JO SN|PA-d PUD (JOAISIUI 9DUSPYUOD %G4) SOLDI SPPO BUIIDIND|0D IO} POSN SI19M S|OPOU UOIssaIBal DsIBoT

6€v) v6 (T'£€) 96 vv
(1'zy) 06 (L'9¥) 611 VO

627’0 (SE1-6V0)280 6€L°0 (OL'L-CS0)9£0 LSO (L0L-¥90) €80 6€L'0 (L0'1-€9°0)28°0 (O¥l)0¢E (9L ev 29 uoNul | €¥/G6895
(§°£9) evL (¥'€9) €91 Vv
(¢62) 29 (e o )

8920 (0S'L—-€T°0) 650 T9€0 (€T 1-L50)¥80 9¥CT0 (¥1'1-09°0)€80 9620 (F1'1-650)280 (€€ )/ va 29 SNOWAUOUASUON | /9¥88ZZs!
(€19 ¥l (§'€9) 291 29
¥°62) €9 Q1e) 6L oV

7520 (LF'1-€20)850 G6€0 (FT'1—-85°0)G80 1920 (S1'L—09'0)€80 1ST0 (SL'1—-09'0)€8°0 (€€ )/ va v SNOWAUOUASUON | 99¥88ZZs!
(r'v6) 20T (€L6) | 20
(9 )zl (Vard v oV

- - 6110 (165°5-280) €l 6L10 (1§6-z80)€El'T SLLI'O (8€'S-¢80)0l'T (00 )0 (00)o0 Vv UoHUl | G9€9689 15!
(T'82) 09 (L12) 1L vV
99 Ll (Tey) 9zl VO

8lE0  (STL-1S°0)80 /L1600 (LF'1-6§90)860 IS0 (61'1-120)260 8IS0  (61'l-1£0260 (@6L) Iy 68 29 UOHU|  /S0Z¥601S!
(§'82) 19 0£2) 6 A%
(€c9ell @oe 6cl )

GGE'0 (£T1-TS0) 180 80L0 (6€71-C9'0)€60 €€7'0  (LI'1—69°0)060 Ov¥'0  (LL'l-0£0)060 (T6l) Iy QS 29 UOHU|  ,BESY/LELS!
9ve) vL (6T8) ¥ Vv
(0°0S) £01 (A wi €cl )

TEE'0 (8T'L-8V'0) 640 60L0 (LE1-€90)€60 ¥EF0 (LI'1—69°0)060 9€¥'0  (LL'1—-690)060  (#'SL) €€ (8'81)8F 29 UOHU| 412025/ 18!
9ve) vL (rze) ¢ Vv
(0°09) L0l (T év) 9zl VO

66€°0 (C€1-05°0) 180 1290 (E€L-C90) 160 9Z¥0 (£LL'1-690)060 0r'0 (£LL'1-690)060 (7'Gl)€E ¥8lL) Ly 299 UOHUl 4996016151
(L've) €L (€Ce) €8 \A%
(0°09) £01 6v) LTL )

T67'0 (LE71-TS0)¥80 £/90 (SE1-€90)T60 OIS0  (61'1-0£0)260 #1500  (61'1—-1£0260  (6S1) ¥E @w: 29 UOHUl  ,Z68505 L)
(I've) €L (rze) € vV
(5°05) 801 (8'8v) 5cl \)

Zre0 (8T'1—6V'0) 640 8690 (9€71-€90)€60 V¥EF'0 (LI'1—69°0)060 8EF'0  (£L'l-0£0)060 (+'Sl) €€ (8'8L) 8 29 UOUl  ,62056€E 1S

onPA-d (1D %G6) dO enPA-d (1D %G6) O  oNnPA-d (1D %56) JO  eNnPA-d  (ID %G6) 4O (%) OAWNN (%) JOqUINN odAoUSS soyoun NS

SNIss909Y juouiwoQ SAIlIPPY el asv [04U0D

19PIOSIP WNJIPOads WisiND pup swisiydiowAlod 0| HJD ‘6HAD Uaamiaq sUoinID0SSO pup saiouanbaly adAjouss *| a|qpy

- 291 —



ol

F2Ol XHHZE 2t CDHY, CDH10 TR St A7

r

Table 2. Association study of haplotypes in CDH? and CDHI10

LD block Haplotype Control (%) ASD (%) Model OR (95% ClI) p-value
Block1* HTI A-A-A-A HT1/HTI 83 (32.17) 73 (34.11) Additive 1.12 (0.86—1.445) 0.399
—/HT1 125 (48.45) 107 (50.00) Dominant 1.27 (0.79-2.05) 0.324
-/- 50 (19.38) 34 (15.89) Recessive 1.09 (0.74-1.60) 0.655
HT2 G-G-G-G HT2/HT2 48 (18.60) 33 (15.42) Additive 0.89 (0.68—1.15) 0.377
—/HT2 126 (48.84) 106 (49.53) Dominant 0.89 (0.61-1.31) 0.569
-/- 84 (32.56) 75 (35.05) Recessive 0.8 (0.49-1.30) 0.362
Block2* HT1 A-G HT1/HT1 69 (26.74) 60 (28.04) Additive 1.11 (0.86—1.45) 0.411
—/HT1 128 (49.61) 112 (52.34) Dominant 1.27 (0.81-1.97) 0.293
—/- 61 (23.64) 42 (19.63) Recessive 1.07 (0.71-1.60) 0.753
HT2 G-G HT2/HT2 58 (22.48) 40 (18.69) Additive 0.92(0.71-1.19) 0.535
—/HT2 127 (49.22) 113 (52.80) Dominant 0.99 (0.66—1.48) 0.960
-/~ 73 (28.29) 61 (28.50) Recessive 0.79 (0.50—1.24) 0.313
Block1' HT1 A-G HT1/HTI 14 ( 5.43) 7(3.27) Additive 0.83 (0.60-1.15) 0.260
—/HT 79 (30.62) 62 (28.97) Dominant 0.84 (0.58—1.24) 0.386
-/- 165 (63.95) 145 (67.76) Recessive 0.59 (0.23-1.49) 0.263
HT2 G-A HT2/HT2 163 (63.18) 143 (66.82) Additive 1.21 (0.88—1.66) 0.247
—/HT2 80 (31.01) 64 (29.91) Dominant 1.83 (0.73—4.56) 0.198
-/~ 15( 5.81) 7(3.27) Recessive 1.17 (0.80-1.72) 0.409

Logistic regression models were used for calculating odds ratios (95% confidence interval) and p-value of additive, dominant, re-

cessive models are given. * :

single nucleotide polymorphisms on CDHI10 gene, T : single nucleotide polymorphisms on CDH9 gene.

ASD : autism spectrum disorder, Cl : confidence interval, CDH? : cadherin?, CDHI10 : cadherin10

b 22 $01F ] AR A AT S-S Z3eE of
2] AATLollA] Spld.l Gofl EAYEH= CDHY, 10 F+HA7F ASD
o} Ak Ao g RuskAcks ™ Wang 59 dTAutol uf
i, 9171 gjote] Hol| A RNAS 2elsle] CDHY, 10 +3#}
HHS B AT CDHY 5732 A7 s o= 3
=)otk CDHIO AR = ASDollA] 5031 HE o 2 oy
454 = &(frontal cortex)ollA] W&lo] &l E gl o, o]
ASD ¢J¢ 942 4% contactin—associated protein
like 20CNTNAP 2)9} B]5=3t 3Ha oA HAT,

2| ASD} A== SNPE 2= od77) o] ZoiFTh &
F AT o= o 2S5 B 79 A+Z2) Spldl F
el dd3go] Sk A+Zart BaLEqly Aol 9l
thal ¥ 3% B9l= CDHY1} CDHIO 42} Ao]ol interge-
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