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[Abstract] Objective Chromosomal microarray analysis can scan at the whole genome level, and detect
the number of chromosomes in the copy, especially for the detection of chromosome group of small dele-
tions, repeat and so has a prominent advantage. This study was designed to investigate the clinical applica-
tion DiGeorge screening CMA diagnosis and analysis of DiGeorge in cardiovascular ultrasound abnormali-
ties. Method Using SNP whole genome chromosome microarray analysis (Cytoscan750K chip) in our
hospital from 2014-2017 to date 204 cases of ultrasound screening abnormalities of the fetus were detected
and screened DiGeorge cases, as well as no cardiovascular abnormalities DiGeorge cases were analyzed.

Samples include prenatal amniotic fluid, umbilical cord blood, villi, postpartum. including peripheral
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blood, fetal heart blood, stillbirth tissue. And the samples were subjected to single cardiac abnormalities,
multiple cardiac abnormalities, abnormal cardiac abnormalities and extracardiac malformations. And chas
v3. 1 software to analyze the results. Results Among the 204 cases of cardiovascular abnormalities, 199
cases (97.55%) were prenatal diagnosis samples and 5 cases (2. 45% ) were postpartum samples. The di-
agnostic rates of DiGeorge were 2. 94% (6/204) and 20% (1/5) respectively. There were 71 cases
(34.80%) of single cardiac abnormalities, 75 cases (36.76% ) with multiple cardiovascular abnormalities,
58 cases (28.43%) with abnormal cardiovascular abnormality, and three groups of chromosome microar-
ray analysis showed that DiGeorge abnormal rate was 0% (0/71), 4% (3/75), 6.89% (4/58) . There
was significant difference between the three groups. There were 37 cases of fetal abnormalities detected by
CMA., and the abnormal detection rate was 18. 14 %. There were 30 cases (14. 71 %) of mutations in clin-
ical significance, 12 cases of aneuploidy (4 cases of 21 - trisomy syndrome, 3 cases of 18-trisomy syn-
drome, 1 case of 13-trisomy syndrome, 1 case of 8-trisomy syndrome, 2 cases of 69XXX, 1 case of T21
MOS, 1 case of T8 MOS), accounting for 5. 88% of the total number of cases. 7 cases of clinical signifi-
cance of unknown cases. There were 14 cases of total DiGeorge cases, of which 204 cases of cardiovascular
abnormal fetal specimens, CMA detected DiGeorge fetus in 7 cases, DiGeorge abnormal detection rate of
3.43% , 7 cases were microdeletions. At the same time, there were 7 cases of DiGeorge with no cardiovas-
cular abnormality, 5 cases were microdeletion, 2 cases were absent and repeated, and all detected CNVS
were less than 5Mb. Conclusions Congenital heart disease is closely related to DiGeorge syndrome. Com-
pared with the autosomal karyotype analysis technique, chromosome microarray analysis improves the de-
tection rate of fetal minorities and repeated detection rate, which is helpful for clinical risk assessment and
genetic counseling. Therefore, for ultrasound found that fetal cardiovascular abnormalities of pregnant
women, in full informed of the circumstances, can choose CMA prenatal diagnosis.

[Key words] chromosome microarray analysis; DiGeorge syndrome; congenital heart disease; prenatal

diagnosis

2017 4E255 9 &5 3 1

26 K M0 ES (congenital heart disease, CHD)
T dCH WO A B R 2 A kU Y R AR
(TOF) 0> % 6] g Sl 451 (VSD) L v e 32 8l ik =5 (TAA)
B R 22 1 3l Bk 1A %€ 2l ik 1] 2E (PTA) %5, 24
202~ 30% y CHD & JLIF B & 9F H fh &R &6
B, CHD J& 5 80 % )L & 0 FBE T 19 o B R
PRI S BRI 2 o DAGBE A% D3R 437 e €0 ARl 2
PR et (R FHE P AR Y IR TR B/ I Ok A
Hyu] 5 500 RO B A 5

WHoE R B .22 5 e fafk 22q11. 2 X304 Bl ke o
a8 RO BERW . K2 7506 ~ 80 1Y
22q11. 2 ke Ok AR 2R B e IR gl Bk s .
22q11. 2 BB R WA DiGeorge L5 G 1AE . K HH
1/4000% ", 32 B % 5 HIL I 2 7E U A S 24 ]
22q11. 21-22q11. 23 X 30 A& A= [F] 6 G € 44 1 AS - i
FA MR E L A 22 B YL A R i 2k L ff

o2 DX IR A5 A3 5 DR g A% 50 AN 2 BT B 51 R
VS S RN NN SIFON (1) i NN A3 1K 3
B I A R DR B A R B R O U 5k
B i 2 R M FISH Bk 47 22q11. 2 fif ik 2% O
AU AR FISH A% i R BT 19 R BR 1 HL
CHD g K 52 4% AT A AR R — 78 73O JEE 8 B g P9 AS g
Foii o B O R 51 23 BT £R (chromosome mi-
croarray analysis technique, CMA) {E Jy— Fh &= 4>
17 M AP U L 2 5 % NAARI < 9.0 o 4 S I A - @ e ]
Yeto R A8 AT . 2013 4F ACOG il SMFM
(The American College of Obstetricians and Gyne-
cologists and the Society for Maternal-Fetal Medi-
cine) ff g 41 . X A B R iR L &5 M S R 4 7R
CMA F7 AR AU G (0 PR A% 2 o3 7 45 Dy — 2t I Uy
I ORI T AR SR E ) CMA SRV & LX)
204 {5 7= Hip A A5 32 8 9 CHD B LA 1 A K #8 75 R



CFREPRTIZWZRE (B TRHO ) 2017 455 9 4245 3 10

Je B0 EZ5 4 5 1 1) 7 9] DiGeorge 9 i) 151 B3t 1
Br- R CMA AR TE SE K AL O BE S 7 & DiGeorge
fi L B 3 AT A2 (L

1 BRFFE

1.1 WER%FHR 201445 HZFE 2017 5 A1
IRPL 7= N i N v kTR0 [l TN
PR i A AR R iR L AE TR D I A R E R e ) 3
204 B, HoH 199 647 A0 A M TR BCH E K
IR A O SO W D = 7 s RN 11| R A e =+
h LA 2117 CMA 43 B . [\ B X 47 CMA A6 il 11
2745 {88 A 4R R AR O I SRR 7 R AR A 43 B
JEAEAE 22q11. 2 OB LB 2R . A2 10 2 R A
12~32 J& Z [a) . [a] i} W £ o A5 i JLAC BE X5 #9 4b
JEL I s DA HE B B K 20 B ¥ g% DL K AR 5 2 i By B i
eI 25 5K . B A G L 0y A BE 34 3F 47 7 st %
PWIFE E AN R E A .

1.2 F#¥

L2.1 FREERZRESA G BB
B HOAR bR HEERAE 2D BT 204 B IG )L O REAS 47 B
I MO e 6 R DL A B A

1.2.2 CMA B EERZELIER IEFH
JE LB FRAS 3 — 4T CMA i, 525 1 ™ 4% 4%
HR2E [ Affymetrix 2% w42 fi 64 b o 3 72 2E A7 PR AR
SEZH DNA 4L 970 alidl r Befb bR . 5
SO T AR B VR AT A DA SR A3 b B T8
4 HH 4 CytoScan 750K 8{ CytoScan HD i F (3
2 Affymetrix 22w 70 o b3 P R[]
B4 ¥ K7 1R %2 & P (single nucleotide polymor-
phism, SNP) 55 F 5 4% H RRAR 5. N H B E 1)
CHAS 1t FAH KW E W 1E B 27 J7 20 i CMA
D255 A4l DNA Fr Be ¥ DS #1840 A5 ) 6
5 DUBUAR 5+ (CNVO S L

1.2.3 CNV # #8723 I 100kb,50 4> 45
FHAE MBI #E4T CNV 43 #r. CNV XL 45 17 i 72
v it 2 25 1 B PR A4 PN BB A M e 2 A I U
JE4n DGV ¥ s % Chttp://dgv. tcag. ca/dgv/app/
home) . DECIPHER %{#& /% (http://www. sanger.
ac. uk/science), OMIM %k #& £ Chttp://www.

e E - 13

omim. org) Fl UCSC % #& £ Chttp://www. ge-
nome. UCSC. edu/) 5. R CNV 17 i A [ 43
M5 LA BN B CNVLUEUKE CNV LI R 3 X
AN HG ) CNV (variants of uncertain significance,
VOUS) (I fE R CNV FIABEECR £ CNV,

1.3 it o4 A SPSS 13. 0 &4 ik 17 50
AIGETE 2 A0 BT L T BCPERER FIRE S 7 4y 23R8 ok
F ¢ K 5 B¢ Fisher i U) HE 58 K 50 xF 20 ) 5 1%
CNV £t R HE AT e 127 40 7, 5 L P<C0. 05 I
ZESRBEGIFE X

1.4 CMARMAERSIEKEE HTFHFEZHAE
F14 AL 08 A0 S R 3 BB 1 22 L 16 RS ) j
Z )1 I PR 2% B AT RE A7 76 3 R A8 0T R o 2
CMA H il $2 78 A SOk CNV i L 735 42 4%l i st
B N L BOR P CNV Sk B B 1 e €0, 14 7 foke
KB TE B LR B AL A SR PR R UR 09 313 1 4
WA EAT CMA K LB % CNV & 75 k58 & . 3F
XF FR AR B AT XU TEAG

L5 RV AT R B EAT R R BT, AR A R A
Jay B JE iR g .

2 #R

2.1 204 BERTRILFACLE R EFAK
CMA 2T R 204 iy b A b, 199 6 2 7 Rif i )L
BRAS 5 43 ol e e B S H R 5 e AR AR . AE 199
133 77 WG LB A i L A6 I 4 37 4] (18. 59 04) 53
Horbr 7 (3. 51 00) Sy A WY S0 1 95 DL A% S 48 30
(15, 07 6) M B PEAE S . 16 5 By 5l 77 brAs &
R R, Wk 1.

R ARAOR IR ILIE W 50 Bl

PRAZRAD KB (B SR ED ASHRE (FD IE R (D
EP/3 185 26 6 153
5 E 3 1 1 1
5% 1fiL 11 3 0 8

Cl e 5 0 0 5

2.2 3T W REERPAN 37T HIHE MWL 2,
B &b 12 fyAF B A AR Bl = A5 A AW 98 A0 88 A 40
JE S5 PR RTAR A 25 1] CNV S b S By
67.57%.,



14 - i€3& - (FEPRZE S CGETFRO) 2017 4E55 9 555 3 )
2.3 F® CNV £ R a4 XF 25 fil 7% CNV 4
z2 HFHEERSN . " N ,
SWAE | EABD  REWBD BB D BB CNV i Be R/ T 0. 4~ 48Mb, 48 K 4y
21-={k 4 1 0 5 CNV J B/NF 5Mb, Bk #8453 CNV 4 5 i 4% 2
18 =1k 2 0 1 3 . e y
B ) . 1 1 Kol T Al e K. Hoh L 2211, 2 X A B e 4k
8-={k 0 0 1 1 Kb 7, 5 T A R CNV el 28%(7/25), dE
YRS 2 0 0 2 e B N < < N
. . : L A7 5 G CHE RO SO ONV K 2 (. % ONV S
it 32 2 3 37 1, S5 CNV K A5 o0 W3k 3.
x3  HH CNV IR IL Y G oA b 1 50 48 0 45
¥ PSR S AR CNV F Bt K/N(Mb) Yo o S 5 A
1 arr [ hgl9]22q11. 21 (18, 2f/Kid D, B LAUN 2 3t & 5 A KB U I & & A K 39 4
648.855-21,800,471) X1 % il G Bt . O BUR - BUS Bz Jpk g /= :
arr[ hgl9] 22ql11. 21 (18, . . .. N e b I A 4 N
2 916.842-21.800.797) X1 IKAF BN kT (RD - = 7] B gt , A 0 £ 3h ik = 2.9 [N
i arr [ hgl9] 22ql11. 21 (18, N i el o . . "
3 648.855-21.800,471) X 1 5 L0 W TE B S5k, 32 3l bk 5 85, P ik 3.2 N
arr [ hgl9 ] 22q11. 21 (19, . . - N . AR fe
b 090.79-21.800.471) 1 VT HECCRLATmMM. NTS. Tmm) G 8 BUR A7 (7 2 Bk 2.8 Bk
arr [ hgl9] 22q11. 21 (18, N . e e e . " [ ;
5 631.364-21.800.471) X1 Jif LK AF S Bk T 28 8] B Bt A A7 A2 b ks, W] B R E T 3 3.2 (S S
arr [ hgl9] 22q11. 21 (18, o s e e
6 648.855-21,800,471) x1  MILTTREILHE PUIRAE 5.2 Bk
arr [ hgl9] 22q11. 21 (18, N R e .
T el s00.aTly scr LA S 3.2 Bk
8 arr [ hgl9 ] 7qll. 23 (72, JEILAO¥E K IRAF A bWk 220 32 8 ik 5 4 BB L Bk
669,480-74.146,927) X1 Tkt . 3 3h ks 75 0 4n -
o arr[heglo]16p1s. 3pl2. 1 f L E S BRARI B 5 HRBR . = = RIS LK 2 97 9 e
(85,880-27,309,438) X3  MIFAFIIK A RAEF £ KT8 ’ )
arr[ hgl19]7pl4. 1(40,748, ) . B
10 621-42.108.287) X 1 6 LA 26 b s i ik S8 i L AS B 2 Bk 1.4 [N
arr [ hgl9 ] 6q24. 2q25. 1
11 (144, 902, 123-150, 394, = [a]F@EI6 . O 0 b3 L O A B 5.5 sk
779) X1
arr [ hgl9 ] 7q11. 22 (70, e o .
12 536.725-70,705.107) x5 MILEFIRIRE G 0. "R
hg19]Xq25 (121, 404, X _ . e e
g I R 2 O Rt e L R B RSB L B 11 Tk
arr[ hgl9] 2p21 (45, 253, | . _ Y
M 939.46.322.782) X3 A Bk 3 Gt 11 22
arr[ hgl9 ] 16pll. 2 (29, . R
B 501,326-30,178,406) x3 DIKFEICE 0-6 R
Xp22. 33 or Ypll. 32(482,
16 581-1,700,121 or FALE Bk 22 BE T shikak ok 1.2 EE
432,581-1,650,121) X3
arr[ hgl9] 17p13. 3 (169, S o L
17 amLhels AL, WL A7 BT 0.1 s
g 16p13.11(14.,892,975-16. MCDA BUIR 2 5 A 58 R AL O WET » A7 3l Ik T (TR, 5 16 Bk
527,659) X1 J5% 30 ik '
arr [ hgl9 ] 2g33. 1q37. 3
19 (201, 375, 732-242, 782, L =4S I » Wl 3 ok o 0 DA A 4 41.4 EE

258) X3




CFREPRTIZWZRE (B TRHO ) 2017 455 9 4245 3 10

ZR3

el Y

il 5 2

CNV i BR/N(Mb) Je (o KAl

arr[ hgl911123. 3q25(119,

20
976,308-134,937,416) X1

4q32. 3g35. 2 (169, 149,
847-190,957,460) X1

arr[ hgl9]6ql6. 1q22. 33

21 2 [ R 45

2 (6] B BB A P K JR VS A I B 15.0 S

21.8 (¥

22 (98, 351, 396-127, 801, Jin )L IR A4 W% < /K A7 3l ik T 55 1] ol e 451 29.5 (N

511 X1

arr[ hgl9 ] 1q42. 3q44 (236,
509,301-249,224,684) X1
arr[ hgl19]13q31. 3g34 (93,
051,804-115,107,733) X3
arr [ hgl9 ] 12p13. 33pl2. 3

23 (173,786-19,752,605) X3
arr[ hgl9]18q12. 1g23 (29,
208,109-78,013,728) X3
arr [ hgl9] Xq21. 31q21. 32
(91, 634, 275-92, 593, 665)
X3

arr [ hgl9 ] 4q34. 1q35. 2

(174, 919, 364-190, 957,
24 460) X1

arr [ hgl9 ] 20pl13pl2. 3

(61,661-8,444,005) X3

arr [ hgl9 ] 10p15. 3pl5. 1

(100,047-4,548,375) X1
25  arr[ hgl9] 20ql3. 2ql13. 33 WAFE K TFIIL

(52,466, 963-62, 913, 645)

X3

Jify DL B L 3 O AT B 2 i) R gt 58 2 000 00 W 2 B 2 3 5

Lo JE S 17 25 S KA S bk T CT 2D

12.7.22.1,
19.6,48.8.1.0

L ER

16.0.8. 4 Wk EAE

4.4.10. 4 Wk A

2.4 22q11.2 R M B R AR F O FERS IR
RO ESEH CNV L 22q11, 2 X8 sk 2% BT o5 1
Bl o PRI AS RS0 22q1 1. 2 X3 st 2k 0 4 7
TE AT, 204 B0 0 5 H I REA R R BT B
DiGeorge , # 75 42 7 % 5] [ Sl i, 46 %k 3. 4%
(7/204) , [F) A XH AR S22 2745 ) HE O B S5
11 CMA 95 B b JE 46 5 7§ DiGeorge, £ Hi % h
0.26%(7/2745), 7 FFEO 0 58 KR LA . 1 B4R
7 PR S iR L ZE B B O AR R K A R
PR 5 2 6 o iR L 39 3 B 2 (nuchal translu-
cency , NT) # J5 5 1 fi] 18 75 32 /R F ok 2. i6 LB
FE A DB fs R i B G L B T A SR s 1 K
Z R KD e LA 2 B R AR E
KU B AN B 2 () B e 4 O 60 B U 2 ik
B JEL 5 1451 Ay LA 00 i 2 96 B« 7 0000 A %210 Omm,
A= 13, 3mm; A 1B K £ 7 B B
i 1 B8

2.5 FF CHD %A s LB CNV A2 i £
O NESEH S 71 (34. 80%) . £ RO M % 75

Bl(36. 76 %), O I & 5 H A IF 0 A E 58 B
(28.4300) H— DL R A 2 RO ME FFH
.0 W AR DML SRR ESHN
9.86% (7/71).17. 33% (13/75).,32. 76 % (19/58) ,
DiGeorge i i 2 43 5 & 0 (0/71), 4% (3/75),
6.90%(4/58) .3 41 5 K th %A Ge it 2# & L, o
2 J U L S o A 38 ) d i T R — 0 M A A
W2 RO IMAE SR A S O A A IR0 A R E ALk
WA G ¥E L,

3 itig

3.1 BEMCNVEHEAAREERHEIEKREX

ASHIEGE L 77 I R A AR RO I R R 204 4]
GILH L AT A SR 4 CMA K, 25 5 3 7% 37 4
LS BRAD 12 (] F B A% 1R sl = A, 7 S
P70 I8 S AR AR 25 i) CNV % H
CNV 5 BER/IME 0. 5~129Mb A4, i 55 S 5m)
67.57% . CNV S35 5 BN 41 2 i , 40 5 £k Fh 3k
PRI A e 2 B A T A 455 4 AIE 2 e K R T R e 8



AT 32 A WY, X R CNV AT DL i
CMA K], CMA J& —F & 23 9 56 4 3k 14 41 0 2
HAR L H A RO T R Z MRS fE S
PRI 1o R 5 114 JRy 8 X sk 15 P v 2 B L, W7 LA
M) 5~20kb FEHE A F B R 591 ZBEAR AR
ASCRT AR A A0 b A Y00 & A% 7R AT A A T 3] ) 2
o PR S i EL AT DA 0 B K R 1R S B A
BN/ S/ SE A ey . AT R EE R L iR
RUEH 1 & b CMA Al 152 8 S,
It CMA $ AR 0] DLSR #0 % 56 Ye €0 1A 4% 3L 23 B 46 R
(A J2 o AT A 2 B0 A% TR 0 3 3 T 1) 5 3 RE S
PO I SRR LA Y R SR (R 35 B0
CNV) K 1 32, BEAR I K BRI .

LY o R AR A IR s 48 21— (R &5 G
fiE 18- = K 25 & 4E f1 13-= 1K ¢ & fE. Hartman
SELOHE 4430 4~ CHD B LA F 55 b & B AR 28 45 (K
IR R 12, 3% (547/4430) 4 58 UL 1 e € {k 5
WA R 21- =R LR A AE (52, 80 %) L 18- = AR L5 A 1E
(12.80%) 13- = AREEAAE (5. 70%) (2291 1. 2 faf fik
RLEAHE (12, 20%) . Bao &Y [b] i #: 43 #F T 537
5177 O JOE P S8 R L R B RS R AR R
16. 8020, FEAHEZE A I H 12 B JF B £ 4, oo
5 21-=AREEAAE .3 B 18- =ARZEAAE .1 fi] 13-=
REEAAE 1 ] 8- =ARZEAAE 2 1] 69, XXX, K i Lk
KA 5.88%6(12/204) B A T Hph % H W55 .
FASLIGH AR 2 B AR A O I 58 1R L
fie CMA K I, 3843 A 0 1 3 57 % M IR JLAT T 4L (6
PR R A3 H 5 A i AT CMA K 48 B R, S 80l
i AR H SR L SCHRAIK .

3.2 AHRPAHZEFMECNV Q& 7 E 0
L Ei e e — T 2 oD B9 R RGE T AR AR
ORI 22q11. 2 DS WF5E AL 35 545 Bl E R A T
23 BRI o HAh R T 4G Park 4510 5 [F £
MRS R E 1 5 45 AR 1 AL AL BIF 5 4 455 A X1
McDonald-McGinn 21 | Marino 25 AP 1 Os-
karsdottir 2 A", 7€ & 0 AF 58 . 35 9% DU BKORE
(TF) 2 fe 8 3 1) 0 B9 L2 TF fili b Bl (PAD |
VSD, F 5 ik 5 ik (B B LR Sk T2 . A S2 T
204 AR L5 1% DU BCRE TF L2 (] B Bl 4t VSD., 7k

(RERZEAECLTFHO) 2017 45 9 &5 3 )

kT PTA L E k4R % il 3l Bk e Bk % | s 0] B
TN C T S I RN -9 S N NI € R A
W, i 7 5] DiGeorge (U IfiL 48 58 A9 i JL A 0 I 45
SH BB G IR 3,0 i A R B A AT

TE 7 BB — O IS5 3 5 v 1 Sy il IR
AN B 1) 9 9] 2 ) B Bk A4 S 9 CNVs S35, SNP 45
WAy arr[hgl9]7q11. 22(70,236,723-70,705,107)
X3, B HE 7 SY iR K 7q11. 22 i B & 4:0. 5Mb
M BeE A 5 1 B Bk S8 %8 B JF CNVs e,
SNP 4% % arr[ hgl9]16pll. 2 (29,591, 326-30,
178,406) X 3, BI7E 16 B QL A fk K& 16pll. 2 Kk 4E
9 0. 6Mb iy Beiy 52 5 1 ) 8 = ) B k5 5 0 45
D175 28 (copy numbervariations, CNVs) B % 1E 4
Sy KK R B k4R 21, 8Mb By fk gk 5 1 ik Di-
George ZEGE . 1E 22ql1. 21 X &4 3. 156Mb E X
LB 18- =AREEAAE; 1 ) 21- =R ER G AR 0 A 1
B R 7K A7 2 Bk T 5 I envs 55, SNP 45 R hy arr
[hgl9] 4q34. 1q35. 2(174,919, 364-190, 957, 460)
X 1,arr[hgl19] 20p13p12. 3(61,661-8,444,005) X
3L HILE 4 S YAk 4q34. 1q35. 2 X K4 16Mb it 4k
FAE 20 S e 1K 20p13pl2. 3 K H:8. aMbH & ; H
w6 BN A R B 1 BB R B,

Z R0 I SR R SRR R 17, 33%
(13/75)  Ho v =[] g ke 45 L 25 3 DO R AE O F B
KENPKEENL A O E W 1 A6 EBh RS kA7)
17 RN S S o R O A v 8 b
24.24% 11, 11%,25%,12. 50% . 11. 11%.,25% .
33.33%.25% ., HH DiGeorge [ K 3R 5 5 K
6.06%.11.11%.0,0,0.25%.11.11% .0,

OIERESGIF O FEIR SRR N
32.76%(19/58) ,fLf& 6 f-H #% R G5 50 .8 Bl & A4
Wi JE 2 Bl pf 2 R G0 50 R0 3 I IR &R G2 =
3.3 AH R ¥ AHZFHEME CNV B DiGeorge it )L 4
M 2012 4EF 2015 4F A& & B Y 10T 2 rh ot 7 Ji A 5
i A R A P TR I 22911, 2 B2k Y L
B2 1:347 Fil 12992021 280 G T fifF 5% #4045 A B 1%
AR AL ROIG L. X T HRA FEL
F 5% Can CHDY iR L. 22q11. 2 k2% 1 SO 2 24
S 1:100, 1 A€ A LR &) 1E & 09 16 )L CFE 5 350 40F 5%



CFREPRTIZWZRE (B TRHO ) 2017 455 9 4245 3 10

HO A 121000077 ARBFSE H 204 10 1 S5 H Y
FeAs e B 7 ] DiGeorge, £t % Ry (7/204)
30430 o L R SCHR T A A 1 e, — 058 Ak
DiGeorge Zi G E KAEADISE WoR  E—F B H T
ARG . ARBEIEH 2014 ~2017 42 5E 50 A H
) 14 # DiGeorge Hr, 7 FlA7 .0 M58 5%, 7 #11JC L
LA 58 5 0 ML 48 5% 1Y DiGeorge I (5 19 LE B ok
50% .5 ik SCHRHRGE A L. DiGeorge £5 & 1iF fi
104 W R 12 W B o 2 F 7™ A L R Sk B A BL R Y
R8Ok 8 2 E R e 0 Bl el . — 58 A Pk
DiGeorge Zi G E RAEADISE WoR  E—F B H T
OB BE 5 S Hl 20 Y R AR 3R B R RS iR
S5 A0 IO T A A A

SR 22q11. 2DS A & Fl £ 4 1 I R B fH K
2 22 S YA R I 22 R R B 22411, 21
qll. 23 5 By 2, # A Bl 28 [X 38 (typical deletion
region, TDR) % 1. 5~3. 0Mb, — &k K 7] 4+ K 3
Fp 2, Hoh K2 90 % 11 B 4T 3Mb K/ g B Ay
B DXL 3 B KSR N A B A 30 24N, 801
BFEA 1. 5Mb By/NERR X B XS N & A 24 A5
K]S 5 A0l A A /0 B 8 38 ) o B — S8 AN SR ) 1
F B g A ity ik 20 AR F 5T 14 f) DiGeorge
12 B 3 Mb /N SR ik % XL 1 5] AR
HA 1 Smb ZE4 /N 1T BIER 1. 7mb By Gk K
1. 8mb MELE ., BN 862 .7% 7% K th
REYIREMWZEAZ,

ek 22q11. 2 MR 25 DiGeorge £ 45 1 AH
K FocH DL e o AR AR L 7 AR L Y R R
PEIE 12400070720 SR DK A HoAth 3% 4% 25 A AE
M H 5 22q11 SL[F HA —2LIm REFAE  f 45 Opitz
G/BB* il CHARGE™" £ 45 AiF A1 H Ath (1) % € {74 M
. Fedn 16pll. 2.10p13.17p13.4g34. 1¢35. 293¢
A5 1 G R 2211, 21 B2k 516pl1. 2
HE LR B 22 S AR 22911, 21 Bk
(18, 631, 364-20, 312, 661) X &, &t 2k K /N K
1L7Mb,EE F B Ry 16 S Y@k 16pll. 2 i By
(29, 591, 326-30, 176, 508) X i, & & K /NN
1.8Mb,22q11. 21 KA Bt Bk F1 16p11. 2 [/
B 42 7R T RE SRS A > RURE A K.

- eEF - 17

e KO B B B (CHD) J2 5 3 UL 9 1 A= Bk f
B NT 5 CHD i LA & AH G, 7 Hi 3
CHD 7£ 22q11. 2 # 2k 25 G 1k (22911, 2DS) 1) & 4
RARE . ARHFSE 14 6] DiGeorge %5 1 H . A i )
NT #)%, i T HA 22q11 SR GG AWM R ILI
TS5 HAT B MR RE OF Bl 0 s G S
NT S 1 #1 2¢, fir BA 22q11 6k 2% 25 & 1F B9 iR L
RATRE AT SR NT . 2 Bl 0] 4 15 il ik 17k
JUNT 3§ 2] 22q11 flle e g LS,

0V HE A 22q11. 2 X Z 4Ly 3Mb Y fi Bk
Ko B 30~50 ANEEH L F A 8% 1. 5Mb iy filt
SREH AN R SR 9 4] R O AR GE
ZERAE R IG RN 1/4000 , J2 Fe B UL 1) e £ 1A e 45 25
BAE . i) = BRAE AL 5 55 KM 0 M B L IR 5%
Ji ol n B JIE S5 . — 358 4% DiGeorge 25 A 1E
KAEABIFE R 3 — 2 19 B TC O ISR PE . S T
I R A BN HUEA BT VR B T A A
& 3Mb [y g o (A G 2% L FH B RS 8 AR A R O3
BT 7 1 T0 43 B BV 2 5 20 BER 1 G i o ik
W FISH Jrik 2 e Winy abrk. B T3 &
RN 100kb, 55 50 JE DR R S5 485 6 o SRR R R S5
Pithm . S AR, CMA J7 v 3 8 76 B N 1 F Il
PR 1% J7 5 0T [R) B 07 A 4 35k PR 4 0 e 2k ok o &
B, R A TE 4 i IR A AT HEA T $ 4, AT A ) 2 € AN
S 1 4 DURIOEE S, 0 G2 6 R T 2 £ R 2 AR/
ek EEFEAPEEREAFR AR B A. A
E— 25 U8 BT A A Bl )N E 52 RN 5 o il G £
PRI BB 43 A7 T v o] LAk 3 0 R AR Rk, TTH £
K FISH S5, R 51 A Rz FH 68 13 00 3 i I 5% » o
A BT 22411 A3 8 B3 R0 2 e A BB s AR

DiGeorge

4 i

41 R OARESH P, 22q11. 2 BB K LR G AR
Je W LI BUIR LG M TE 1 AL E A R —
22q11DS 255 5 KA O A AH 5% 19 5 AL 1) e 8 A
PIRZ— .

4.2 FEDA¥E DUEOR 5 (CNV) J& R BUE R R0
W 2 11 — 28 UL I EAT o HG v i R 8 SR W 56 KA
O HERE NG L 9 & A 20 3. 4020, 320K I K &



SCRBIE) CNV Al G817 g K0 JIE i 2w K 4 36 —
M.

4.3 AR ELR LAY P 0 A B S Bt CMA X )7 il
RS/ i LAY $5 DU AZ 53 JOK: H AR ik — 24
W] CHD 5k /MEZ MK . B T3 CHD /Y
18 2 DR 3B 8 22, 350 2 R DR 26 £ JXURS: 3£k A
PR K 7E CHD (8L # b H 25 8 %2,
CMA HARK KR T CHD B LW 8K F 3 @
PR AZ Bk R IFRESR L Z L INE B, P
AR S ET2 W T H L O DiGeorge Jif JLi2 R K22
1A PR AR IR 2 A K H

& % 3

[1] MommaK. Cardiovascular anomalies associated with chromo-
some 22q11. 2 deletion[J]. Int J Cardiol, 2007,114(2); 147-
149.

Khositseth A, Tocharoentanaphol C, Khowsathit P, et al.
Chromosome 22ql1 deletions in patients with conotruncal
heart defects[ J]. Pediatr Cardiol, 2005, 26(5): 570-573.
Matsuoka R, Kimura M, Scambler PJ, et al. Molecular and
clinical study of 183 patients with conotruncal anomaly face
syndrome[ J]. Hum Genet, 1998, 103(1): 70-80.

[ 4] Marino B, Digilio MC, Toscano A, et al. Anatomic patterns
of conotruncal defects associated with deletion 22q11[]].
Genet Med, 2001, 3(1): 45-48.

[ 5] McDonald-McGinn DM, Emanuel BS, Zackai EH. 22ql1. 2

deletion syndrome [ J]. Nat Rev Dis Primers, 2015, 1:
15071.
[6]

Ferencz C, Boughman JA, Neill CA, et al. Congenital cardi-

ovascular malformations: questions on inheritance. Balti-
more-Washington Infant Study Group[J]. J Am Coll Cardiol,
1989, 14(3) . 756-763.

[7] BaoB, Wang Y, Hu H, et al. Karyotypic and molecular ge-

netic changes associated with fetal cardiovascular abnormali-

ties; results of a retrospective 4-year ultrasonic diagnosis

study[J7. Int J Biol Sci, 2013, 9(5); 463-471.

Tennstedt C1, Chaoui R, Kérner H, et al. Spectrum of con-

genital heart defects and extracardiac malformations associat-

ed with chromosomal abnormalities: results of a seven year

necropsy study[ J]. Heart, 1999, 82(1): 34-39.

Seagraves NJ, McBride KL. Cardiac teratogenicity in mouse

defining phenotype parameters

maternal phenylketonuria:

and genetic background influences[ J]. Mol Genet Metab,

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(hEHTZE 2 &S GEFBO ) 2017 4255 9 555 3 )
2012, 107(4): 650-658.

Corrigan N, Brazil DP, McAuliffe F. Fetal cardiac effects of
maternal hyperglycemia during pregnancy[ J]. Birth Defects
Res A Clin Mol Teratol, 2009, 85(6): 523-530.

Hyett JA, Perdu M, Sharland GK, et al. Increased nuchal
translucency at 10-14 weeks of gestation as a marker for ma-
jor cardiac defects[J]. Ultrasound Obstet Gynecol, 1997, 10
(4): 242-246.

Kobrynski LJ, Sullivan KE. Velocardiofacial syndrome, Di-
George syndrome: the chromosome 22qll. 2 deletion syn-
dromes[J]. Lancet, 2007. 370(9596): 1443-1452.

Driscoll DA, Spinner NB, Budarf ML, et al. Deletions and
microdeletions of 22q11. 2 in velo-cardio-facial syndrome[]].
Am ] Med Genet, 1992, 44(2). 261-268.

MommaK. Cardiovascular anomalies associated with chromo-
some 22ql1. 2 deletion syndrome[J]. Am J Cardiol, 2010,
105(11) . 617-624.

Helm BM, Freeze SL. Freeze, genetic evaluation and use of
chromosome microarray in patients with isolated heart de-
fects: benefits and challenges of a new model in cardiovascu-
lar care[J]. Front Cardiovasc Med, 2016, 3 19.

American College of Obstetricians and Gynecologists Commit-
tee on Genetics. Committee Opinion No. 581: the use of
chromosomal microarray analysis in prenatal diagnosis[ ] ].
Obstet Gynecol, 2013, 122(6) . 1374-1377.

Rosenfeld JA, Coe BP, Eichler EE, et al. Estimates of pene-
trance for recurrent pathogenic copy-number variations[ ] ].
Genet Med, 2013, 15(6) . 478-481.

Wu XL, Li R, Fu F, et al. Chromosome microarray analysis
in the investigation of children with congenital heart disease
[J]. BMC Pediatr, 2017, 17(1): 117.

American College of Obstetricians and Gynecologists. ACOG
Practice Bulletin No. 88, December 2007. Invasive prenatal
testing for aneuploidy[J]. Obstet Gynecol, 2007, 110(6):
1459-1467.

Hartman RJ, Rasmussen SA. Botto LD, et al. The contribu-
tion of chromosomal abnormalities to congenital heart de-
fects: a population-based study[]]. Pediatr Cardiol, 2011,
32(8): 1147-1157.

Wapner RJ, Martin CL, Levy B, et al. Chromosomal mi-
croarray versus karyotyping for prenatal diagnosis[J]. N En-
gl J Med, 2012, 367(23): 2175-2184.

Ryan AK, Goodship JA, Wilson DI, et al. Spectrum of clini-
cal features associated with interstitial chromosome 22q11 de-

letions: a European collaborative study[J]. ] Med Genet,



Crp ™ RT2

[23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

ECGRTFRO) 2017 445 9 %55 3 1]

1997, 34(10) . 798-804.

Park IS, Ko JK, Kim YH, et al. Cardiovascular anomalies in
patients with chromosome 22q11. 2 deletion: a Korean multi-
center study[ J]. Int J Cardiol, 2007, 114(2);: 230-235.
Matsuoka R, Kimura M, Scambler PJ, et al. Molecular and
clinical study of 183 patients with conotruncal anomaly face
syndrome[ J]. Hum Genet, 1998, 103(1): 70-80.
McDonald-McGinn DM, Kirschner R, Goldmuntz E, et al.
The Philadelphia story: the 22ql1. 2 deletion: report on 250
patients[ J]. Genet Couns, 1999, 10(1): 11-24.

Marino B, Digilio MC, Toscano A, et al. Anatomic patterns
of conotruncal defects associated with deletion 22q11[]J].
Genet Med, 2001, 3(1): 45-48.

Oskarsdottir S, Persson C, Eriksson BO, et al. Presenting
phenotype in 100 children with the 22q11 deletion syndrome
[J]. Eur J Pediatr, 2005, 164(3): 146-153.

Grati FR, Molina Gomes D, Ferreira JC, et al. Prevalence of
recurrent pathogenic microdeletions and microduplications in
over 9500 pregnancies[ J]. Prenat Diagn, 2015, 35(8): 801-
809.

Markert ML, Devlin BH, Alexieff MJ, et al. Review of 54
patients with complete DiGeorge anomaly enrolled in proto-
cols for thymus transplantation; outcome of 44 consecutive
transplants[J]. Blood, 2007, 109(10) . 4539-4547.
Lajiness-O'Neill RR, Beaulieu I, Titus JB, et al. Memory
and learning in children with 22q11. 2 deletion syndrome: evi-
dence for ventral and dorsal stream disruption? [J]. Child
Neuropsychol, 2005, 11(1) . 55-71.

McDonald-McGinn DM, Emanuel BS, Zackai EH. 22ql1. 2
deletion syndrome [ J]. Nat Rev Dis Primers, 2015, 1:
15071.

Cirillo E, Giardino G, Gallo V, et al. Intergenerational and
intrafamilial phenotypic variability in 22ql1. 2 deletion syn-
drome subjects[J]. BMC Med Genet, 2014, 15; 1.
McDonald-McGinn DM, Emanuel BS, Zackai EH. Autoso-
mal dominant "Opitz" GBBB syndrome due to a 22ql11. 2 dele-
tion[J]. Am J Med Genet, 1996, 64(3); 525-526.

Devriendt K, Fryns JP, Mortier G, et al. The annual inci-

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

cwE 19

dence of DiGeorge/velocardiofacial syndrome[J]. J Med Gen-
et, 1998, 35(9): 789-790.

Ballif BC, Hornor SA, Jenkins E, et al. Discovery of a previ-
ously unrecognized microdeletion syndrome of 16pl1. 2-p12. 2
[J]. Nat Genet, 2007, 39(9): 1071-1073.

Cuturilo G, Menten B, Krstic A, et al. 4q34. 1-q35. 2 dele-
tion in a boy with phenotype resembling 22ql1. 2 deletion
syndrome[ J]. Eur J Pediatr, 2011, 170(11): 1465-1470.
Greenberg F, Elder FF, Haffner P, et al. Cytogenetic find-
ings in a prospective series of patients with DiGeorge anomaly
[J]. Am ] Hum Genet, 1988, 43(5): 605-611.

Pignata C, D'Agostino A, Finelli P, et al. Progressive defi-
ciencies in blood T cells associated with a 10p12-13 interstitial
deletion[ J]. Clin Immunol Immunopathol, 1996, 80(1): 9-
15.

Shetty M, Srikanth A, Kadandale J, et al. Pre- and postna-
tal diagnosis of 10p14 deletion and 22q11. 2 deletion syndrome
and significance of non-cardiac markers[J]. Cytogenet Ge-
nome Res, 2016, 148(4) . 249-255.

Lazanakis MS, Rodgers K, Economides DL. Economides,
Increased nuchal translucency and CATCH 22[J]. Prenat Di-
agn» 1998, 18(5): 507-510.

Machlitt A, Tennstedt C, Koérner H, et al. Prenatal diagno-
sis of 22ql1 microdeletion in an early second-trimester fetus
with conotruncal anomaly presenting with increased nuchal
translucency and bilateral intracardiac echogenic foci[J]. Ul-
trasound Obstet Gynecol, 2002, 19(5);: 510-513.

Emanuel BS. Molecular mechanisms and diagnosis of chromo-
some 22qll. 2 rearrangements[ ] ]. Dev Disabil Res Rev,
2008, 14(1). 11-18.

Amati F, Conti E, Novelli A, et al. Atypical deletions sug-
gest five 22ql1. 2 critical regions related to the DiGeorge/ve-
lo-cardio-facial syndrome[ J]. Eur J Hum Genet, 1999, 7

(8): 903-909.

(s H #1:2017-06-18)
Y 5 R 3L



