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W JR G 5] b e i PR £ % 28 BOAR B i s i 2 S g
557 A #5 MUBCE S MRS Tk

EOELE OO ERES BREEE S 4 REET ANk &L R

HWE BHH DM A E A R AR (Array-
CGH) % ik 4 2 B B TE B IE 3 W 7= RERG HEA T 2R R 4 78 DL
A5 (CNVs) fi5 2, 1T H FE 4 CNVs £ IR pf 2 8 BT
WBREA, Ak ERERZEER L, RE S HmEH
B REIE) f 75 BIEF R (TRAH) =
B HELETEE 22 FEH CNVs, 43 T R L B H 4
CNVs, #| FIEFREE 4 CNVs Z5EHRATIEERRIES
S CNVs AERBHETAETSEEREH ML R
EZ S CNV FEL B genic CNV KA L4 ciliogenic
CNV, B A x* #e30%d LA B 241 CNVs 530 vh 2B W 1Y
FHRHEHEAT /4. SR I AN BB 2 B T £ 48 Fn
33 A CNVs, Hoh 43514 37 #1126 M RhIEZEH
genic CNVs, JRBI4 A & IE B A M CNVs FIE LB genic
CNVs BIREA LB B E T T3 L (52.9% vs 32.0% ,P <
0.05;49. 0% vs26.6% ,P <0.05) , Hr3E L7444 genic CNVs
SR M ZERIY R &R 2. 644 f5(OR =2.644)
it SHEEH CNVs R IEER, 2 E CNVs Z/H5E

MEERENERRER,
REIR I LB F A R A 2B B B E A
BN R

hE4#E R714.7;R715.5
TEARER A XSHS 1000 - 1492(2016)05 - 0686 - 06

1 2 & W (neural tube defect, NTDs) f&—25
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#EWE BR B AR EES (45 :81370708 81401207 ; RIEEHI ML
PR SR B AP R (45 : 14JCYBJC25000) ; X
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HEREES (%45 :2015K1212)
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KM EL ARG, ARRRFRHMEEH A
KW A& AELTE, NIDs B R E e 5t
BB ILASRENFRERRZ . &H
Giit, HE NTDs B RIRFERINT 2. 74%0, P {EIL T
% NTDs W R RE T, A115 13. 87%0 ~19. 94%. " ,
NTDs J&—F 8 Ze 5 , S B A A% R R AL [/ 1
FREGER. Boet BRAZE NTDs 4 70% i1t
K T3, NTDs [F] i &K 4= NTDs (1 f& i v 2
EARER SO M5 o MTAEREREA /NS HA NTDs
SYERIMBT T Z I T K& NTDs 46 fiEEH,
B354 (AVAESE MTHFR 3 P 22 25 M 0 S T 40 A
Wtk (PCP) #Z.0o B R M B P 2 748 5 A 26 NTDs )
BHEFM B 25 5 (copy number variations,
CNVs) REHFA LM —MEBEERRX, EALE
R ZREE LA R AN ZERTBIR Y B Bl 7 T AR EEAE
o NFKERHNA CNVs 5 AR EBRFELRFHR,
WMAERMECIRD . B—FE, FIREERGak
AL ATRRE 6. 5% ~9.7% NTDs i JLAFE R 1K
S XERAMEL R NTDs (815 HAH
Z—o T EH TG G ORI 5T 43 PERR,
ANRERARA IR~ X 35 NTDs RAEAHK . XWTSTNL
FAE AR EH S B R (microarray comparative
genomic hybridization, Array-CGH ) X fi1 5 # 4 & Wy
¥R IE® R R TN A CNVs ffi#, ST 5
4 CNVs 7£ SR £ BTE P BURER

1 #M57FE

1.1 &mEIEM RARGIX B, fdE 2004 4
3 A ~2009 4 4 A7EILIVI4E B R X B B St 2
W T 5 | 7% 4 I A e T 000 2 L R B o 510 4L, (]
REREEZRBR W EF I X BAE, M
B R B R T IE LR B A BE b
WAHEZEREFHEIRICR. NTDs K E 2 i i
ALK F R T ZRE E PR BRI AT xR
P AT W AR RTGE , R A P RS R
HAR R B8 WA R Z B Z R AR HE
BRo ABTIUED B A LB AT e B2 B S L,
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IR FE R

1.2 EEHZE

1.2.1 DNA #1& RN IERRERE L MNFER
i 2R Bk E O REH 2R BRI 40 DNA , fixi [ 1 R i
Ve InH 4112 B L K 40 DNA, 3% Fil DNeasy Blood &
Tissue kit 18,77 & ( #2 5 QIAGEN 7] ) £ HL DNA,
Br2.0 wl E4RERMIFEFLH DNA, R &AM B
Y NanoDrop2000 ( 3£ [E Thermo Fisher 72\ &] ) ilj &
DNA ¥, T+ B E K4 DNA &5,

1.2.2 Array-CGH ™53 R Agilent R H R Ar-
ray-CGH X FI &R A B HITHAE. B3 ~6 ug DNA
F50 wl 5% ,37 CF Alu I #1 Rsa I BEATH1L2 h,
QIAprep Spin Mini prep Kit 3#47 DNA 4lifk,, 2 #
EUREES , B2 500 ng DNA, f Bio Prime labeling
kit FATEARIE (cy 5 FRICKT HR DNA ¢y 3 /92 FF
il DNA),37 °C.2 h J§% Ik X B ; T K MicroCon
YM-30 £fifb 32 64710 DNA J5, % 5% DNA FAHf
FArA DNA FBIESEMAZRZER 94 CEH3
min,37 CHHF 0.5 h, EFEF Oligo244 K 5 H L,
65 CZZHIEE 72 h J5 5o FHVERR I 1 YeBE 5 min,
AW 2 el 1 min, SBOEF TGS, R
FH Feature Extraction 9. 0 $£f78({2#28( = DNA Ana-
lystic 5. 0 4KPEHEFT A3 CNVs 4087, S8 8
FHAFIY M B 2 E Invitrogen /2 B F13E [ Agilent /23y
A), 55 %t B DNA REA B 36 F Invitrogen 24 H] o
1.2.3 NTDs #8% CNVs #E455 % Feature Extrac-
tion 9. 0 FRIERET Z B 45 R I e o (R T B2 Bk
KA B, EHEFEEAE N HT R 25 EEEEE
( database of genomic variants, DGV hitp//projects.
tcag. ca/variation/ ) , &Iy CNV 55iE 2R A &E
BNEEDT 20% , NN RXBEANELZ B CNV;
HIEZEMECNV P& - EU LW ERSER
HI5h B XS A R iX B~ HE 2 genic CNV 2
EZ B genic CNV IFFESF B EH M KX &1
JE 2 &4 ciliogenic CNV([E 1),

[ ]onvs

| EEZSEeNE

I:l |E% &1 genic CNVs
I 1 & Hcitiogenic CNVs

BE1 CNVs#iifiiE

1.2.4 NTDs 48 & CNVs #5%3E % 3%  long-range
PCR B JEZ: Ak dc ph ik 3 DR F AR, &t
primer 3 Bt W AR AR T | M #EAT 51 ( Plati-
num PCR SuperMix High Fidelity kit, % [E Invitrogen
NED TR SR /N A1 000 ~2 000 bpd HEF=4)
AT sanger JUJF . real-time & PCR BWiFE R : #k
1 AERHAEE @it primer 3 72 CNV g F{U A
R BT W T, E R B AR, 80
[RIE R 3 W (K E Applied Biosystems 237]) . W
1,

%1 long-range/real-time PCR I8iF 3| 4

CNVs fi EH BIHFF(S-3) KB (bp)

dupl8q23 PARD6G ~ F1;GAAATCGCCCTCAGAGTCAG 127
R1:GGGAAATCCAGGGTAGGAAG
F2:AGTCCTCCCCTCACTCCTGT 97
R2:TGGACACATTGGTGCTTCAT
F3:TCACTCCAAACCAGTGACCA 98
R3:CTGCCTCAGCCTCCAAGTAG

del4pls. 31 SLIT2 F1:TGAAGGAAGGAGGGAAGGAA 168
R1:CCTGGCCCATTACCTCATCT
F2:ACCCGCACTTGCAAAAATAC 167
R2:GTGCAGGTAGGACCCATGTT
F3; AGGTGCTTGAGGCAAAAAGA 180
R3:CGCCTCCTTAGGGTTACCTG

dellOpl1.21  PARD3  F:GTTCCACTGCTGGGATGTTT 600
R:CGAGGCGTGGCTTATAACAT

dell0g23. 1 NRG3 F:GCCACATCGGGACAGACTTTT 700

R:TCAAGTGGTGAAAGGGCAGT

1.3 St E  RiA SPSS 10. 0 #{F#AT 4T,
THEBOR AR USRI X RS,

2 HR

2.1 HRWHRH—|ER  ILIWRE 51 FIThER T
FURIBZ WG A 4L, o 58 25 31, 4 26 3,38
HHEUE NTDs, TR EHRH . 75 BIIEFE R HERHA
ot B, o 3 38 ], 2 37 f, FR Al S 4 IR
Mot ZERTRITFZE N (P=0.856),

2.2 Array-CGH £ R REIBLLX 54T X084
Bt ) 3E R 21 CNVs, 8 56X i 20 i 4 3 R 41
CNVs ${H .23t 20 CNVs Y- 3K BT 7 X7 b4t
(E23),whE 53 BAZEZERTLEIHFE L
BEAAEPREFAE N HTRESEREE,
IR B A CNVs, 27 ~f# NTDs fRf+ &
B 48 NEL A CNVs 24 N IEE R F=IRIG &
33 MEL A CNVs, JRHBIA S RAFEZ M
CNVs BHE & 5 F LI E AR MWIEL S HCNs, b
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%2 mOIEMREA CNVs LhESHT

5i g WA (n=51) XHEL(n=75) Pig OR & 95% CI

LA CNVs 5 H (n) 45 = - L "

JE £ &M genic CNVs FUH (n) 37 2% ~ ) )

JE B A genic CNVs FEFEEH (n) 77 44 ~ _ i

ESELE CNVe AL (%) ] 27(52.9) 24(32.0) 0.019 2.391 1.148 ~4.977

JERAHE CNVs BREREA [0 (%) ] 17(33.3) 15(20.0) 0.070 - _

A2 CNVs BREAEA[n(%) ] 15(29.4) 12(16.0) 0.058 - _

dE & A4 genic CNVs B [n( %) ] 25(49.0) 20(26.6) 0.010 2.644 1.248 ~5.601

Ak AP genic CNVs G AHEA[n(% )] 16(31.4) 13(17.3) 0.053 _ ~

AE LA genic CNVs EERA[n(% ) ] 13(25.5) 9(12.0) 0. 044 ] —

E £ A ciliogenic CNVs #EA[n(% ) ] 11(21.5) 7(9.3) 0.054 . -

FE LA ciliogenic CNVs BRHEAR [ n(%) ] 8(15.6) 2(2.66) 0.010 - ~

E LA ciliogenic CNVs EEHA[n(% ) ] 4(9.8) 5(6.6) 0.532 _ B

AL CNVs Bl MR 5 LA, L9 A 14

ELAM CNVs B TFEILBFEE NTDs £ E /Y, H

0 FA 63 NMEZENE CNVs HIEL M genic CNVs,
52 S5 B 4 FI 6 BR LA 4y B0 & 37 #1126 1>, BELBEIE 4
Q

inmhm it

30

o

y ' H } ]
'/ l
! (il IHI [i “l
0 10 20 3() ) \(J 60 70
E2 HOASMEA CNV HE
A i 0L 5 B2 4T B A
A %
10 r
wr !,
510 !
5 mmuh nﬂm
20 40 50
/\ /\L
B x10°
7’ LT n | 5]
Z o bl DT e L b e 10 f

0 10 20 30 40 50 60 70
N

3 GRS IEA CNV BHKE LS
A SR B R LA

o 3 B UL B B e PR 7 T2 WL B i 4
i PEAI AR LAT ST B L R 2 300 AR AT Rk

MNEL A genic CNVs HI PCR J7 ¥ 1E, S5 R 5
Array-CGH H%F, JRBIAFHEMHEAETIESES
PE CNVs % B 2% BR 40 2. 14 4% (0. 94 s 0.44) , 3
£ genic CNVs 21 H 251 B84 2. 06 1% (0. 72 vs
0.35), WP EFIEL M CNVs F1JE L4 genic
CNVs fREA L 4] 3 8 2 T X BB 4H (52.9% us
32.0% ,P <0.05;49.0% vs 26.6% ,P <0.05) ,3FH
£ A genic CNVs HHAEZEME CNVs ZERHE
(0. 010 vs 0.019) , JELAM: CNVs T2 NTDs &
A XURS 38 m 2,391 £ [ LB HE (odd ratio, OR) =
2. 391,95% & {Z [X [8] ( confidenceinterval , CI) ;1. 148
~4.977] ,dEZ &1 genic CNVs 2 NTDs A& Az X
M3 hn 2.644 f% (OR = 2.644,95%CI: 1.248 ~
5.601), [FIEHCEFEARIE TR Z AN CNVs FIZ A
¥ genic CNVs B B, i 4120 500 IR4 2 [ 22
St EE L.

IR 1 IE £ A genic CNVs Hit & 3L
77 AEEEH, BB 1.75 £5(77 s 44) W3R 2,
JoHE 7T AEEW, &I — 1 microRNA-miR223
(B 4), BIH T AFEFRECRER NTDs frikk
FE A E PRI N (38 3) , 4878 NTDs £ 3 2854 gen-
ic CNVs 5L R n] R &30 4r NTDs BB I A
CALR 2[R B fg 1 /R ELA NTDs R, A HF 58
CALR3 B ([ 5) B RAH TINETE , A KT
— i, [T R I 18 Bl R IEZ S cilio-
genic CNVs, {E5 51 41 Fn % B 4H [B] 9 3E 2 54 cilio-
genic CNVs AR ERERITFE XL (P =
0.054),
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Genes_hgl9

| FKSG43

' '
59} —

E 4 Array-CGH R 7R—I M5 NTDs 235 miR223 S

Genes hgl9

CHERP
C19orf44

EPS15L1

llu ey

E 5 Array-CGH Z7R—fIE8 NTDs B #Hr CALR3 B FE %

£3 BREMEZEREELZERMNRERER

EREBEEER AMRPER M#F HRY
CALR!"! CALR3 Mpum  HREATEF
LMO4!"! LMO1 i HEREEET
SLC2A4!8) SLCAAIA  JUFREE #EEH
Zic11®l ZNF331 Hfl HRAETET
Z1c2t ZNF813 Hp  HFRETET
ZIC31%) ZNF512 M HAfh
ZICs!7] ZNF761 MHu HAh

3 itig

NTDs 28 LB BB FR M5 WA A , B AR Hm%
EXHAST FET A R B RAEET G E AN EER
X, CNVs — 354 B % 1 000 bp L I By K4 K
A B O s & w0, BE IR AR B EMER
REEMWEERNEZEZ —, 5 EHRFHR
AR 07 1 BV Y R 4 0 R AT PR IE T
FIER NTDs H1 R B 6. 5% FFAE R ik R %, Kb =1k
RUBRH I (HIE T e o A B ARG HE i S TR 4
KA BERAE 5 < 10° bp R, RF|F5E L NTDs B
WEEH, Array-CCH AR BA Atk HEE &%
BERH SRS, TR AE/NT S x10° bp, HE 1 x
10* bp FYZEBELE MR AG, T AT LUK B K B /N

NTDs #H2¢ CNVs, {8 F F K H1 # NTDs B 55 & H .
SR 5 o34, AR T A AR AR CNVs 1
INF3x10°bp , KEBASEHRTF 1 x10° ~5 x 10° bp
ZIE, BARER =R, MG EK NTDs B
HA—-HMoBE TR BEREERY, BB =K
AU SR G AT AR SRR (L1 T X0 LA A 5
BRAEH X 2 B A TEBE 2T . R B4 & 3
—RIEL M CNVs, LUAR WARE , 3 H7EJE NTDs
W SME T EE CNVs BIEEFR R L, £H %R
CNVs 2 /5E8 NTDs ¥4 ), %t & B NTDs B 3 [
EREE, HTHOXHHER, BRI XBIES
At CNVs BB AHTAE . BOR AR B-% BT 5T 7
%R B AT R AR A IE 2 A CNVs 1)
BH #HAT I R AR AEZ B genic CNVs, KB
#B NTDs BEFFEIE LM genic CNVs EEH LR,
{EAB R BA fER I N ZBE 16p1 1. 2 X REAG
KR 4 (recurrent CNV)''01
ABFEXT R Z A genic CNVs N AL i — 4
WL IRBIA A | FIREA#E 47 JE 225 M genic CNV
HE , a4 miR223 B F, mRNA B —2%T %2
FETEZREFHIESRIG /N RNA, fE 2 R F A
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HEE BB TRPREZEMEM, Chen et al'
EWFFE1E L R 45 2 L AH 56 B miRNA B & iR &2 3L
miR223 - HAEHEF M HALRE, BE, XX
Bk IR miR223 518 I R A5 b A 36,
TNEE 2 AH 20 M T AR SR AT A AH A A R AR R T
%;miR223 R ERKSRERGER/ MB RGN
SERME PR AR S, I RGBS R, A tE Wk EL 4
MAIme, & E%F, BaiHAKNL miR223 58M&E K
BAHRHRE ., AFREHIRFE NTDs BE P EIHiX
HE, R mR223 \BEAMAEAT / AEES
fEH.

AT &3 1 4] NTDs #£ 74 #5 4 JF 2 81 genic
CNV B4k, o 335 CALR3 #[F, CALR3 & 745
W& AR, B! IFE S CALR3 R4
(R73Q/K82R) o] S H AL B M LR & 4, STHE
RV 2L CALR #7581 875%,50% B CALR J:FH i
Br/NBRA O UL B E B, 16% B 6w L 3 B,
CALR3 & BHs &, HRIAANW TR K

R, ABFTRAEA LML, RERDBEREA T

BRHERRECACER I, E7E S B3 - BULE R B i AR
A FSWISLERE CNVs B e A E # LB 5T B o
TIRELEE 300 N T R IEH SCE CNVs £
TR R BAT YR ERZF BHRAREEL,
X 2R A CALR3 R EH [ fE R M AT &k 7 WE Hiny
WBRIEEEN , A Z M — PR A R RIEDT T

LR EFTR, A B 5N Array-CGH J7 % & IAE
Z 751 genic CNVs B9 E £ 2 NTDs & 4K G H
Fo Array-CGH J7iEAR y— i 240 MU it {2 22 J7 ¥ £
5% NTDs B9 A TR E B BA EEH N M E, 71U
By FHBTHAZE NTDs R LEEE N
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Application of microarray comparative genomic hybridization to

investigate the relationship between cranial neural tube defects

and genomic copy number variations
Wang Jing', Guo Liu®, Cai Chunquan®,et al
(" Reproductive Medicine Center ,Clinical College of PLA Affiliated Anhui Medical University , The 105th Hospital

of PLA Hefei 230031; *Dept of Neurology, Children Hospital of Capital Institute of Pediatrics, Beijing

100020,

*Dept of Neurosurgery, Children’ s Hospital of Tianjin, Tianjin 300074)

Abstract Objective

To investigate the pathogenic role of genomic copy number variations( CNVs) in the cranial
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Graves %5 ' I BEHLHRIR 25 iBIT B G
ShJE I CD4* CD25* CD127"°" J&¥it: T 2y 24k

Yo WGBSR AEEAE B ¢

W/E BrY HITEYE T 4051 ( Treg) £E Graves 5 (GD) &
5 AM BN, R SR RIRE Y (ATD) WyT IR H
B, FHRIFN TR ATD BT R. Fik

R 40 HIS A X R4, F12 GD B 40 Bl GD 4, 3
¥ GD HBEHLAT AL ™ 1 3R IT 41 (20 F1) K ATD JR47 4 (20
Bl) o BB 1RIT ATD YRITHIGTT BT AT G Ko vt BB 4
CD4* CD25* CD127"" Treg FL] . 1 A E-10 (IL-10) % {h 4
KEF-B1(TCF-B1) /K, it i GE 22 B AL B A SR 45

%R O BI7HT GD 4 Treg LLHIB N AW BRK, 257

HEHZEL(P<0.01);@ "' 15T 4 ATD 357 HIRI7
T3 AN H K6 A Treg LLBIBHGITRIIA &, EFIAE
GIHEBEX(P<0.01) ;@ RITEHEINAKRENA,
ATD JR¥T 4 Treg LW 5 1 IRITHE R TEH ¥ B LD
HBITHEG GD 4 1L-10 \TGF-B1 7K FHA A BIREAK JRIT IS 6
MR CHME TR EBRITIAA R, ERYHERITER XL
(P<0.05), %8¢ 2 Y 1 JRIF 45 ATD JGyT 4R Z 18], 40 il

2016 - 02 - 25 2k
YR& BN HMBER KEH MR ER A MBA, S 08 230601
(T H P I O U e
WRE, B, EEEW, B, B ESW, ®REEEE-
mail ; ptr1968@ 163. com

EFEREGEHEZE N, &it GD B#H Treg LLFIFIIEE
BERKRITERMKE , Bk, X TP JUEH, Treg AT 5
BN R RE BT G R R E B e —

KR Graves 7 ; T T 40H BL 131 FL DR IRZG Y
hESEE RS581.1

XEEFREE A XEHS 1000-1492(2016)05 - 0691 ~05

Graves J#% ( Graves disease,GD) ¥ #RoRE &It
HORBR I, B—Fhae B B B te e, 342
RN SRBHERE REEFREN RREZ R
GEREIE, HEBANRIBIT NI R Y
( antithyroid drugs, ATD) FIig 44" 1 3697, 1B HAT
GD ZIRHLE MR 2ER, FHRITRR EEFE
BT i TR U fedn. T T 4008 (Treg) A
1995 EPE K EAK" , —HEREFE L
PR, S O e A 1 A B L, PR RO T 4
MIhEE, 25 2 f R MR WM R E KR,
Saitoh et al'>! % ¥ CD4* CD25* Treg ZH i 5 4R 2K
¥ GD Wy K4 BRfE - EREM XK. &R B1E
WH5 GD &SN I Treg 40 M b4 22 ThaE AR 1L, LA
KPR ATD JR7 SR A bk s, SN T A

neural tube defects,the genomic CNVs were screened in the cases with cranial neural tube defects and matched con-
The genomic DNA from 51 ca-

ses with cranial neural tube defects cases and 75 matched controls were subjected for whole genome CNVs analysis

trols using microarray comparative genomic hybridization ( Array-CGH). Methods

via the Oligo 244 k microarray chip. For genomic CNVs detected, the database of genomic variants was used as a
filter to remove the benign polymorphic CNVs. To the remained non-polymorphic CNVs, non-polymorphic genic
CNVs or non-polymorphic ciliogenic CNVs were named depending on whether the non-polymorphic CNVs contained
a reference gene or a cilia gene. Then x” test was applied to analyze the correlation between genomic CNVs and
cranial neural tube defects. Results 48 and 33 non-polymorphic CNVs were detected in cases and controls respec-
tively. Among them, 37 and 26 CNVs involved genes ( non-polymorphic genic CNVs). Significantly more non-
polymorphic CNVs and non-polymorphic genic CNVs were detected in cranial neural tube defects patients than in
the control (52.9% vs 32.0% , P <0.05; 49.0% vs 26. 6% , P <0.05). Non-polymorphic genic CNVs were as-
sociated with a 2. 644 -fold increased risk for cranial neural tube defects ( OR =2.644). Conclusion Evidence
from the genome-wide CNV study suggests that genic CNVs are associated with cranial neural tube defects.

Key words array comparative genomic hybridization ; cranial neural tube defects; genomic copy number varia-

tions



