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Chromosomal Abnormalities Associated with Congenital Heart Disease

Jun Maeda
Department of Cardiology, Tokyo Metropolitan Children’s Medical Center, Tokyo, Japan

Congenital heart disease occurs in 5 to 10 out of every 1000 live births and has a significant impact on mortality
risk throughout life. Although most cases are due to multifactorial inheritance, some appear to be caused by
a chromosomal abnormality or congenital anomaly syndrome, implying that specific genes within impaired
chromosomes are to blame. Recent advances in molecular genetics have allowed for the identification of genes
in critical genomic regions of chromosomal abnormality that may be at the root of congenital heart diseases,
as well as the clarification of molecular pathways in cardiovascular development. The current article examines
the clinical characteristics and genetics of chromosomal abnormalities associated with congenital heart diseases
that are frequently detected by pediatric cardiologists during genetic examinations covered by National Health
Insurance.
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Table 1 Chromosomal abnormality associated with congenital heart disease

Chromosomal abnormality

(Congenital anomaly syndrome) CHD Frequency Extracardiac features
Trisomy 21 VSD, AVSD, PDA, 40-50% Characteristic facial features, mental retardation, hypotonia, leu-
(Down syndrome) ASD, TOF kemia, hyperuricemia, atlantoaxial subluxation, hypothyroidism
Trisomy 18 VSD, PDA, TOF, DORV, 80-90% Characteristic facial features, mental retardation, growth distur-
(Edward syndrome) CoA, BAV, BPV, bance, prominent occiput, overlapping fingers, rocker-bottom
polyvalvular disease feet, central apnea, hepatoblastoma
Trisomy 13 VSD, ASD, PDA, HLHS 80% Characteristic facial features, growth disturbance, mental retar-
(Patau syndrome) dation, polydactyly, skin defects of posterior scalp, cleft lip,
umbilical hernia, pancreatitis
Monosomy X CoA, BAV, AS, HLHS, 23-35% Short stature, gonadal dysplasia, webbed neck, cubitus valgus,
(Turner syndrome) aortopathy lymphedema
1p36 deletion PDA, VSD, ASD, 44% Characteristic facial features (deep-set eyes, pointed chin),
(1p36 deletion syndrome) Ebstein disease, DCM, growth disturbance, mental retardation, microcephaly, hypo-
LVNC tonia, seizures, hearing loss
3p25 deletion VSD, AVSD, TA 33% Ptosis, polydactyly, mental retardation
(3p deletion syndrome)
Trisomy 3q21-qgter Variable cardiovascular Characteristic facial features (broad nasal bridge), mental retar-
(3g duplication syndrome) disease dation
Deletion 4p16.3 ASD, VSD, PDA 50% Characteristic facial features (Greek warrior helmet like nose,
(4p deletion syndrome, Wolf hypertelorism), microcephaly, mental retardation, seizures
Hirschhorn syndrome)
Deletion 5p VSD, PDA, ASD 30-60% Characteristic facial features (round face, micrognathia), micro-
(5p deletion syndrome) cephaly, high-pitched cry in infancy, mental retardation
Deletion 7911.23 SVAS, PPS 75% Elfin face, hoarseness, infantile hypercalcemia, dental abnor-
(Williams syndrome) malities, hypertension, visuospatial recognition disorder
7911.23 duplication PDA, ASD, aortopathy Characteristic facial features (straight eyebrows, broad fore-
head), mental retardation (speech delay), hypotonia
Trisomy 8 mosaicism VSD, PDA, CoA, PS, 25% Characteristic facial features (hypertelorism, broad nasal root,
TAPVC, TrA micrognathia), camptodactyly
Trisomy 9 mosaicism PDA, VSD, TOF, DORV 65% Prenatal growth retardation, low-set ears, joint contractures,
severe mental retardation
Deletion 9p VSD, PDA, PS 35-50% Characteristic facial features (trigonocephaly, hypoplastic supra-
(9p deletion syndrome) orbital ridges), mental retardation
Duplication 10qg24-qter AVSD, VSD 70% Characteristic facial features (ptosis, short palpebral fissures),
(10q duplication syndrome) camptodactyly, mental retardation
Deletion 11q HLHS, CoA, AS, VSD 60% Characteristic facial features (hypertelorism, carp-shaped mouth),
(Jacobsen syndrome) thrombocytopenia, platelet dysfunction, mental retardation
Tetrasomy 12p mosaicism VSD, ASD 40% Characteristic facial features (sparse anterior scalp hair, long
(Pallister-Killian syndrome) philtrum), abnormal skin pigmentation, diaphragmatic hernia,
mental retardation
Deletion 17p11.2 VSD, PS, TOF 25% Characteristic facial features (flat midface, prominent forehead),
(Smith-Magenis syndrome) sleep disorders, self-destructive behavior
Trisomy / tetrasomy 22p ter-q11 TAPVC, ASD, VSD 50% Coloboma of iris, anal atresia, renal abnormalities

(cat eye syndrome)
22g10-q11 and 11g23-qgter duplication VSD, ASD, TOF, PDA, 60% Microcephaly, growth disturbance, mental retardation, hearing

(Emanuel syndrome) TrA, TA loss, cleft palate
Deletion 22q11.2 TOF, TrA, IAA-B, VSD, 75% Characteristic facial features (small mouth, tubular nose, hypo-
(22911.2 deletion syndrome) Aortic arch anomaly plastic wing of the nose), thymic hypoplasia, nasopharyngeal
dysfunction, hypocalcemia, mental retardation
22q911.2 duplication TOF, HLHS, VSD, PS 15% Variable phenotype
Deletion 22qg13 PDA, VSD, ASD Characteristic facial features (pointed chin, long eyelashes),

dolichocephaly, dysplastic ears, mental retardation

AS, aortic stenosis; ASD, atrial septal defect; AVSD, atrioventricular septal defect; BAV, bicuspid aortic valve; BPV, bicuspid pulmonary
valve; CoA, coarctation of aorta; CHD, congenital heart disease; DCM, dilated cardiomyopathy; DORV, double outlet right ventricle; HCM,
hypertrophic cardiomyopathy; HLHS, hypoplastic left heart syndrome; IAA-B, interruption of aortic arch type B; LVNC, left ventricular non-
compaction; MS, mitral stenosis; PDA, patent ductus arteriosus; PS, pulmonary stenosis; PPS, peripheral pulmonary stenosis; TA, tricuspid
atresia; TrA, truncus arteriosus; SVAS, supravalvular aortic stenosis; TOF, tetralogy of Fallot; VSD, ventricular septal defect. (Modified from
Pierpont et al*®)
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Table 2 Frequency of congenital heart disease in
Down syndrome

CHD Bull'  Bergstrém et al'? Oana et al'®
AVSD 45% 42.0% 29.8%
VSD 35% 22.1% 37.0%
ASD 8% 16.2% 10.4%
PDA 7% 5.0% 10.6%
TOF 4% 2.6% 7.4%
Aortic arch anomaly 6.5% frequent
PH 1.2-56.2% 38%

ASD, atrial septal defect; AVSD, atrioventricular septal
defect; CHD, congenital heart disease; PDA, patent ductus
arteriosus; PH, pulmonary hypertension; TOF, tetralogy of
Fallot; VSD, ventricular septal defect.
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Fig. 1 Polyvalvular legions in a patient with trisomy 18

a) Hypertrophic septal leaflet of tricuspid valve (arrow). b) Thick and domed pulmonary valve (arrow). ¢) Continuous
wave Doppler interrogation of pulmonary valve with peak velocity of 3.0 m/sec, suggesting moderate stenosis. d) Hyper-

trophic aortic valve (arrow).
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S—CERRIC, FiVINBIARAP ST A 4 & NI D RRMENE:
BAENED SN, 13 P Y I—ICBVTE, 5
K7z il B AR R ST I O FGEARRAVRE S NS,

AR, DINEERZOEEHOWRE LML TH
D, KEDI13 VY I —O0ET 30 JEFI DA
T, fift%ERHOELFR (hoefi) 1 14.8 4T
BHot. =T, 18 FU YV I—LIAKEIC, AR
DEEOFMICOVTIE, JEFNV Y I—DEAEX0H
10 fEFE TR ENT & 37, Fiial o N\ TIRIR S B 2 32
LU TIEB Tl DIE R EO L TN Tn5 ¥,

Turner JE{&EF

BEHEREE

PERERRE OR TROBENE <, BEMN 70 A
I 1A, AL 2,000~2,500 AT 1 ADSEE TR
5% >Y. KGE, MIEIERKIC X 2 FRFEMEE AR
KT, X ROEFTEREIIHIRINCE S, #50%
WX Refafhoe /R (45X) T, 25%H° 45,X/46,XX,
45 X/47, XXX 72 EDEY A 7, 20% D EIFIGOADER
WYt ihn & O X fetafkORERTICL S Y. RE
OMERE IZROKETO X ki 2. R0R
DOINERIC X B FAMED FFIZAL N TIE RV, X 3§
RO S BEO 1 RIATELEND T8, @H X Gk
LOBETFIE 1 AC—DFRETHSH, X Ptk
R (Xp22.3) OEHFREIATEE (pseudoautosomal
region 1: PAR1) WOBE(ZFIEAELZN, 2 2 —
HEL TV, X READRKICEK D PART NDE(R
FEHE 1 oIS 5728, FN5DBIETOK
BEMLT ONTBARL) M Turner JERERIOBRKN EE % 5
NTW%. PARI D SHOX Bz HdE D EIC
595378, TONTOARRICKORGERET S.

KR OMERE

30~40% I ORI Z 59 %. CoA (10%), BAV
(30%), KEIRILE (3~8%), KEIRAIEAE (AS)
(10%), HLHS 7% £ O /e IV REAZE MR EN Z 0.
ASD oy ifiioRin i s (FiCk Bk &L
BLIRRD SN PO, X YLk B I 0 matrix
metalloproteinase %R % K12 32— <9 % TIMPI
AL, XPROENEEEZTT, ZonNTafRse
A Turner JEMERECHE S BAV, KEHRLEDY 27 %
WEhmEgascl, EHICKREMTIEMIL 2 TIMP3 &
fnt (22q12.3 ICFEND) DZE{ELENT B &, ZDV
A0 Ficz 3 LM E Nz Y. Turner
JEMRRETIE, BRSER &V Vo SERIERIC X B #is
ZrES T e, U RO EHEN LD REAZE MR
B L TOSAEEEN S O, X ek ic
D NEB BT OFED R E N 2. £z,
X Getafk s O KDM6A W is 1%, BTG
Db B A U A F IV EEEZEZ O— F L,
TIMP1 8{nT &[RRI X REUANEL 2210 7R 0.
Z OFEREAK T 13 /o 05 BAZEVE IR FR D BHE DS i O s
FHIEEREOFRK & EZ 5N TEHED, KDM6A 1ZY 28
BREDRDFEGEICH G LTV REEA VR E N
7= 44).

Turner FEMERE T, HHEMN S & lLEZ &L
T, MAMICEZ ETICH40%ICRHHN ),
WEEIREE, KERAEEEODY R 7 BEmneIntTw
. MIMEDRKE LT, MU, mERE,
NI 75 EEBOR T E N TV 5. @l
FIMTREDHETH S D, Turner JEERE TIE AL
fEEOGHMLILRNZ {, AKESIMENASND T
&, K OIBEN BRI MIERE TR & i 2 #E R S
ZREMNH BT NS, 24 Wi E HFTE) R i E
(ABPM) OffHDEREENTWVS ®. BIEIGHICIE
BIEWTERER T >V VA 7 v v VR AR N 5N
%W Fie, 3~8%ITHETTIED KEIRILIE RS B
N, KERfEEED Y 27 DS 5. 3@ KEIRmEEE
W EEIADIRICUFFE S 2, Turner JEMEREICIBWNT
il 35 1% TRREEDS RS BT T & Y, HEEDE
CTHIMENET D S5 BT EHMETNTED *,
KIMRIEIED R WIER TH > T 5 4RI 1 [ DO R
MHHEE T N TV B 4. Marfan JEERE & AR,
KENRAREERIC M P RSN GRD N2 5B B
B0, AELHBZENEN RN £ 8% <, Turner
JEMREIC 151 2 KEIIRRZ OBFIEIH S I STy
Paai 49)‘
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FEEEERE | 22911.2 REERE
(OMIM #188400: DiGeorge fiEfRE%,
=R VCF EZEE3E)

BIGHER

Gtk 22 FWEME 11.2 IO R RICER S 5.
BA 1,000 A 1A, Hi4E 4,000~5,000 Al 1 A D
HETRD N, SERMELEEICHL TIE Down
JEIRREC DOV THENEBOROARETE TH 5. Rtalk
FifE (FISH i) ERBRINEE N TV 5.

HK190% IZAMFEHI, 9 10% FREHIT, $70%H
RTHITH S . QEFIOWEN DRV E L
T, BEREOEAENMENC &, BitoHmhi ik
XomEWT &, BHEENIHTZHES T EAKWEHETH
5T &, 22q11.2 RIJEMGRHEE ORBBOIE 5 B
X OPRAREZZ I EEEDZ T ENEZENT
W3 52).

22q11.2 BIEDRKIZ, #90% DAEEHIT 3Mb DI
WETH O (Fig. 2), #1106 DEALTFDENT 5.
RNT, 5~8%DIERFIT 1.5Mb DFEE D R I HEE
51, #950 HOE NS 5. HmFEEN R
T HHHE LT, 22q11.2 THBICIFIET 2 (KB K IE
i3 (low copy repeats: LCR) OB GMNEZ 5N TH
% 50515355 9q11.2 D 5.6Mb % I 8 i & LCR
(A~H) »HH, D5 H 3Mb FHEND 4 D LCR
(A~D) MRKICHEGT 5. WED AR, @ 22
TG R T LoV E L CR—EF A IE R U C A EHE A
AT BH, 2 DD LCRBE-> THELTIET
LIV CHAEZ LT % &, LCR &R L 725
ke EE LI ROANER I NS (Fig. 3a). HHE

chromosome 22
TUPLEI (22q11.2 FISH probe)

Rtafkz €D 22q11.2 EEIEMERIE, RERSE, M
e, IRIRIKT & & OIERF R IEIRD 72
B, EEXOBENEHEBE SN TV S AREED
H5 . 22q11.2 EEIEMERE 85 BIOFETIF, 17 6l
(20%) ISR OERZFES, HLHS, VSD, TOF,
WEIRE (TrA), ASD X E2ETH-1 7. Ei,
22 TYERIN T B HE L 72 LCR AMi#E U C BRIk G
L0, BIRYHaik L LCR DR % K4k LTz Gith
TNERENE T ehdD. BRIRPEOAREARE R
72IHEKT % (Fig. 3b). RIENE—THBIcEhh
b5, BRERIEZET, S8 e RERICH
BIZERH 5N, RAEBEEHERER—DO—5
PEAEN TRBMA R E { B ZERNRE SN TS
DY HRIEIEERIC BT B MR RO EIRANEE O
HEODEET ST e RMBEINS.

22ql1.2 WHIICHAAE T 2 I FDS B, T-Ry 7 X
Rl G K 1% 32— K9 % TBX1 &5 &, MEHD
TR (G0, OB, DEICb),
JREEMRE = GESEERE, KBRS IS/ ORIIC
FELU, SROMEED S FEIEWEE S, OERHESIC
EE T BRI L AHEAER LT, IREc C
NEDOFEICHET 2, 2D1Eh, WMADIMmE
AP B O, BRADFINIIEDFENDR G
LIMEENTVD O Toxl REEAN/ v 77w
FRT AT 22q11.2 RIJEGHO.LEEZIZLHET
% EESEIRDER I NS T &, 22q11.2 RENRL,
TBXI A FDH DT 22q11.2 RISEMGEREDGEIR
7RI IEFIND BT &5, TBXI & 22q11.2 RK
SERREO FEEMBETFEEN TS W55 %
7z Thx1 FEB 72 BEBEINIC I & & 7 Thx] Ein &K

‘ A | CR22A Ll

centromere PRODH UFDIL TBX1 comT

LCR22A-D deletion (3Mb) 90%
LCR22A-B deletion (1.5Mb)

LCR22A-C deletion (2Mb)

CRKL

LCR22B-D deletion (1.5Mb)

LCR22C-D deletion (0.7Mb)

Fig. 2 Several patterns of deletion size in 22q911.2 region

Genes and LCR within 22g11.2 are shown. LCR, low copy repeats.
(Modified from McDonald-McGinn et al®® and Morrow et al®®)

ARNRBERSBSFRIME F£40FE F15
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a interchromosomal recombination

I

b intrachromosomal recombination

allelic recombination ><

—‘ LCR22A |—| LCR22D |—

non-allelic recombination

LCR22A LCR22D

LCR22A 22D

g

duplication

=

deletion

XI

ring chromosome (unstable)

Fig. 3 Non-allelic homologous recombination in 22g11.2 region due to low copy repeats (LCR)
Rearrangements between LCR22A and LCR22D are shown for each chromosomal allele (white and gray). a) Interchro-
mosomal recombination incorrectly occurs between LCR22A and LCR22D due to sequence similarity. “X” indicates
crossover of two chromosomes resulting in duplication and deletion of genes flanked by LCR22A and LCR22D. b) Intra-
chromosomal recombination incorrectly occurs between proximal LCR22A (dotted) and distal LCR22D (shaded) forming
a loop within one allele and resulting in a deletion and ring chromosome. The ring chromosome is unstable and unvi-
able. LCR, low copy repeats. (Modified from McDonald-McGinn et al®?)

BT ADMNIN D, IUATIE, JFUHWIESOFE
& Thxl OBETRIKFNTH 5 T LAVRES NI @,
—7j, TBXIZRNH > TEDRENZWIERE H
D, 22ql1.2 RIFEGEREOLIRED KK TBX1 D7\
TUREDFHTIEEL, 22q11.2 NI OBE T %
RENTORELEHENTHZ LN EZENS.
22q11.2 EIKIC JE 1§ % DGCR6, UFDIL, TUPLEI,
CRKL, COMT, PRODH, 22q11.2 1% 4% & BMP4 7%
E DEAE T, mRNA 773 fi I B 59 % microRNA,
mRNA #5572 {il{#lJ" % long noncoding RNA D5
WRIEEN TN ™. i, BRIV A OR#EE
McHasLF /1 (RA) &, TBXI FEBHNHIE
MzHL, Tox1 /v 777 FXTACHBWNTRA
B ERDZ L, DREDEIELT 5 EAREN
TV . 4, ENO 91,664 HORFERGE L
Fe KGR C, WHiRh O X X > A OBFEHEED,
e RMEDREEDOFREY X0 7% 5 5L L EREER T &
DR E N O, RA & Je RO B EERTZE
MHEREENT. Ko, MARBERIEICK D, RIIC
22q11.2 REFEMRERRE D DIME KRB 2 29 % 2 LA
HM5NTEY, mIMEESRESHETO RA EAZNT
U C TBX1 FEBIZAR T &8 2 Be AR & iz .
PLED &SI, 22q11.2 RRJEMERFDFEIEICIE TBX1
ZIE Lo LT BRRMNERICIA T, REERORS
ERENTENEALNS.

KR OERE

MIsEB RS COBIR IS, FRCAERME &
RENR S DFH 248 &9 5. Table 31 22q11.2 R
FIENERE CHE DRV IEEZ/Rd . TOF VSD, B
IAA ® TrA DRI TH O, DINIRZE DRV
KBRS HELRDBNS 79 TOF DESER
TH % MBREA SO = PRI (PAVSD) D&
£ 10~25%ICEH 5N, MmO MRGEInE & LT,
BIRE & 0 & FEAMARIEIR (MAPCA) »FETH
BT ENZN 7B 2q11.2 RISERBEC BT,
HRAE I St AR DO FEEN BT SN, HEIRHEK
MKIERIC 2% &, BSHERENIRD 5 7389 % i E)
R D AT 228 % (> T, MAPCA & L TR 5.
MAPCA i 2, b, KSR & T, &
ELiER E, SRR, M TEIREAE O FIA &
%5 71,72)'

Table 4 1, 22q11.2 EDFED N FER MR
9. IAA, PAVSD MAPCA, TrA I BWTRYHE
JEME <, 22q11.2 RIAJEMRBHICRBN 0BT H
BEVE B TR MIEIZRITH B, 1AA T
RIWRD S5NBIEHNZIZIEB AT, ARICET 5
RFGENTHS 7™, TrA TlE, Van Praagh 73
HALRHDSE AATRIDFTRTDRA T TRIEERED S
W7, EAREIROESRIED ML TV 3 A3 BT,
KHC R DBEED VD LG STV B 78770,
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Table 3 Frequency of congenital heart disease in
22q11.2 deletion syndrome

CHD Frequency in 22q11.2 deletion syndrome
TOF 18-40%
VSD 10-25%
PAVSD with PDA 2-10%
PAVSD with MAPCA 20-25%
Aortic arch anomaly 10-15%
IAA 5-15%
TrA 2-10%

CHD, congenital heart disease; IAA, interruption of aortic
arch; MAPCA, major aortopulmonary collateral arteries;
PAVSD, pulmonary atresia with ventricular septal defect;
PDA, patent ductus arteriosus; TOF, tetralogy of Fallot;
TrA, truncus arteriosus; VSD, ventricular septal defect.
(Modified from Pierpont et al*®’, McDonald-McGinn et al®®,
Momma®”, Unolt et al®®, and Campbell et al®?)

Table 4 Frequency of 22q11.2 deletion in con-
genital heart disease

CHD frequency
TOF 5-15%
PAVSD PDA 10-20%
PAVSD MAPCA 40-60%
IAA 50-89%
TrA 12-40%
VSD 2-15%
Aortic arch anomaly 5-24%
DORV 1-2%
TGA 1%

CHD, congenital heart disease; DORV, double outlet right
ventricle; 1AA, interruption of aortic arch; MAPCA, major
aortopulmonary collateral arteries; PAVSD, pulmonary
atresia with ventricular septal defect; PDA, patent ductus
arteriosus; TGA, transposition of great arteries; TOF, tetral-
ogy of Fallot; TrA, truncus arteriosus; VSD, ventricular sep-
tal defect. (Modified from Momma®”, Maeda et al’”, Pey-
vandi et al’?, Agergaard et al’®, and McElhinney et al’®)

— 5T, A4BITrA X, 22q11.2 RISEGEREIC R
EBAIIAA & TrA DA LICIERETH B, ftho %
A TEOREDFEEDENE VS WERZ RN, £
7z, WHEET VSD TRAKRDFEHED EL L0 S s H
HWEGH D STV 00q11.2 RIFEGREC R 75
HEBIREP T & AT 50, VSD O & RO
FEI IR AN i o T2 &0 S i 770, B B IR
HERT VSD TEREMNZEDH SN o Tz LIl
B 5%, HRBIRS, B FEIRRGRE R L
DRENRSEH %250 L TV VSD TlE, VSD Ofif
EIC K59 22ql1.2 RERDHEN G ZRd LENTH
% CTOSTITO L F e IR D 2RI KB

ARNRBERSBSFRIME F£40FE F15

IR EEICB T B RROBEIFIEIC KD 5~24% &
EHZH ™, DPREE AT 5 KBRS BH
TR RO NRIINT % 77,
PRIz X 91, TOF, PAVSD MAPCA, B #!
IAA, TrA, K#iR= %% ZHS5 VSD Tld, 22qll1.2
REDIEED N2, DAEIHEDHEZ DT,
PR FISHIEIC KB REDA T )=V FR{TS T
EDPMERENTVS Y. BN AEERIZIEEALED
22q11.2 RIGEMEREICEHET B0, B, FLIRIR
DR ANIICIIE TRV EE L, DEEE R
ISR ORI 21T 5 TR, 22q11.2 RIEMRREDZ
WNCER T END S, REDBKNCEKD, ONEOHE
ORI, EHEZ RN S TE, WiEma@EE
KD BT EMNTEZ A W hHddH 5 050,
TOF % TrA OFERT & LT, RO RIS
ek % FstEBiRE, B EHiEhiRD S FEIIRS i
SRS AT TOIRIER, BIERAREEN TN 27,
U ZICIBUNT Thxl FEBUMIE 0D 25 8 72 R IF I BB
U TN, RDIESEIIC F6 319 % Thxl flfRIE,
HEBIAR D i1, BRI ME T 5 T EMIHS
ICE N, TBX1HHEMMI T 5 22q11.2 RIJEMBEREC
BT TOF % TrA OFFENENT & & —5d 3 %,
—J7, [FRRIC MBIk 55 Td % DORV % TGA
ICHB1F % 22q11.2 REDFIEIFMLL 7™ m§EH)
fRis D BB OREEICKEIN T % DORV X, [EIfED
K9 % TGA T, TBX1 LS D)1 D
B G AVREg E Nz 27,

Williams fiEfz8% (OMIM #194050)

BIHER

Petafk 7 FEMi 11.23 FEEO MR KICHEINT 5.
R (1.5~1.8Mb) 1ZH B HEEFDONT O
L#EZH5N%. 7,500 NI 1 N\OHIETRDENS.
MFEBIDE L A LT, RIGHIOHEIE TR0 8082,
RAUREZHELTVTE, KBIIZHETHS .
getafhfads (FISH 15) I3RBRINER I N TV 5.
22q11.2 RARJEMRE & [FAIRRIC, RISTEIK O Mkl 3
fil> LCR (A, B, C) AMF(EL, LCR HIDIEMHFEHE
AR KD, E—mRIENERITE T % & HER
ENTWVD. HEORKMHEKIE, Williams syndrome
critical region (WSCR) &M, 25~27 fHDE I
TIEAT 5. BT HADOURKSEREAST, Ko,
RERR MRS, KBRS LEpAE (SVAS), AAE MRS
IRpezE (PPS) 7% & DDMMAERZ, FLIEHHDE ALY
v LEZ: ERFEIER, TR 2 29 BERRECH
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5. MHPHHZ OMEFE TR L FAERICA T2 7q11.23 &
BHEMRREE, FOZEM 213 U &3 % IR R ek
KA T, BFIEARHTH S D, Williams JERERE L 0
IR KEIRIE A2 29 2 2 LG E T B8

WSCR NICENI S % ELN BT DEY THZH TS
AF %, FPERRED BRI, RE, K
BlR7x & OSBRI IEE L, BRI &g, 5
PEIC B 59 5. Williams JEEEED OAMEIRZ & 72 7%
W SEME SVAS S RICE W T, ELN B FDZE RN
METN TS T &% SVAS JEHIT ELN #E 5T
D—IEREREMARES NI & 5, ELN
A TE, AIERBACIIT 5 SVAS OB ETE LT
LEZO6NS. —HT, Em~TafEst/ v o7y
F AT, REOFIRVIRILE, @iE, O
DD BNBH, SVAS IZIHSH T 2,

HEXRMOMERE

TTAF VEEIC X B EHOMIRPANRE 24T
%. SVAS, PPS DiEh, i@k, BILE, MMIMLEDH®
EOGHEMON TS, T AFVOKEEK FIC X
D IMEREDESIHEMET L, BETOT ORI ERT
BTk, TTAF KB IME a0 HE5E 0 RS HE
MME R 2 ENRRAT, MENE, fIENSIEL,
WAL EZZH5NTWS . Williams
SEME BRI R O K I E R Z T dH % SVAS, PPS D
HIREZ 10 ELL EICh Tz 0B LIZiETIX, £<
D SVAS JEH] TREAFINTIRAE D HETT L T2y, JE S
20mmHg LA FOEHERITIE, EITHRDENED 5
T Fio, KEIIRIKHERZES SVAS SERITIE, K#)
ARIE A% & FREAE D T T LTz, —75, PPSIZDOWNT
&, HEBGE30mmHg ML ECTH-TE, FEALDIE
{5 T 4RI U 7= %Y. PPS AMRRAEINIC k3% 2 Bl
FHLSMTEN TV,

Williams SEMERE CHE TN FIRPADRL & LT,
HBIRIAEN D D, 5~9%ICEDBNS . SVASIC
KB EIRDEIIRA ST O I ERIFL, A0
HEITICEI ST 2 2 EDMHERIE NS DY, SVAS Hx{Th
D 52%, HEIIRIAHUIZHRIEDEIK L 750 2,
— AT EE L T 25~100 f5222K35ED U X 7 AV &
WMEENTVS Y, Fie, REMBAOEL & B
U, 3ARN, MHESHAEDOEGITRICY X7 a0
MO, PAHFADBETEET D155 2. Williams
JEMRRETIX, SVASICKBEZENK, TIRAFURE
IC K 2 LRI KEINRAMERT, MRFEEA, &)
IRBEAE 7 &0 M7z 5558 3 2 AN BERND 5.
RE RIS K 2 ARIMEITUR R, ORI RA0b %

b, TOISEMBEAME R U CEE 2O M2 K3 A
MEEN D B. DY, EE AR 2 UK
TEERVERNEE LN ENTWNS 29,
BT Willimas SEfERED 40~50% 1 &fF L, 7
HA5E LIF LIRS 5N S . ZoEKEE L
T, TIAFVRZIEXZHIRFEEE FHEZ 5N T
WA A, Willimas JEMEEED 50% I EBIRMASH A
B e, BiEEEmEOMSEHENI N
%. F1, WSCROT O X7 NCENL L, WM
FEAEICBE 9 % NCFI BT OBHEAX ™A, &EiffE
L E 8 B ATREME SRS & e .

1p36 R&&JEEE (OMIM #607682)

BIEHER

1 RO RGO 1p36 FEIK D R I T 5.
5,000~10,000 AIC 1 NDOBETRDEND. 95% &
MFEGIT, RIZEL S 1 FROKIIRRD 60%,
RHEN 40% & ENTVAS Y, Gkt (FISH)
RIS N, MESHET, 1p36 OIHER K%
B TO—7ZHVTiIrbhTWwa. A4 7a7 LA
W R AETH 27 L1 CGH (comparative
genomic hybridization) AWK U7zAER, JEKARHD
FEFRSERI R E OBEHENA T ) — Y THRENL
LATbN KSR, 1p36 RIEDMHEE, FXUAIE
BEREDBIRANEATE V. B2 ES (NGe, s,
wH UFALR, Rofed MAA), RERSE, N
FEERM, TADA, FRMOBEZ T .

JRMEOER

#J 40~70% I e R OERZFED, VSD, PDA, ASD
I EOHMBLLRENZ . Fz, 1p36 RIEGERE
DR E LT, #10~20% I e RO s b,
PLIERLOE 7 & DOE R A Ed % 77, Stk
RKOYA X EERIEIR E DOHBIZZ LN INTE
A O8O SIAR 1p36 SETH RIS, SRS & i
L CVEEBRZ BT 2BEDAEISH N EBHL
IS, Fie, AR (1p36.32) 1)
fil, T haY RV 7HEEMENCE S5 9 % PRDMI16
BAR T OBSRESE D B D s b b, LR
DFEDRIEICHET 5 T L AME T NN,
PRDM16 ZE N % > THOFFEDHRWIER & % <,
RRERIRBNREENS. ZDIEH, VSD X ASD O
JRRE UT, @R (1p36.23) ICHENIT %
RERE EA& T, IALEBRIRTHE (1p36.12) (T ALY
% ECE1 BIZFIMBERMICET BN TV .
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4p REJEIREE
(Wolf-Hirschhorn fE{&E% OMIM #194190)

BIZHNER

Rtk 4 RO RRICKER L, 4p16.3 D 1.5Mb
Eiff#E (Wolf-Hirschhorn syndrome critical region:
WHSCR) DRKIC K BB FRONTBARICK
D FIET B, HIZE 20,000 20 5 50,000 A 1 A DB
ETRDHEND. HLtid 1:2T, LRICZW. 50
~60%& 4p IO HKMNETH D, RIOKE T
P& T, 85%LL MBI TH B, #915% TR
TR 7 588, IR R (R K C B B AT HENE
WD, RIELET S 4 FREMAE 80% MR HDK E
INTVB 1. G HPHEIC & B RKDFIER 50~
60% CTH b, fEEHZWINCIE, 4pl6 O WHSCR 5T
0—7 %\ 7z FISH 0 Thb 1% V. FISH ik {2
BRI E N, BB TITDN TV, o ET
B (WHSCR-2) OfFfE&MitE N3 10102,
FU v bV Ay MEE WD RN
2RI 5. MERE, FerEE, et TAbA
ERRICRD D, TANARIEOBEEREL, 3KE
TIZ90%LL HICHIERRD B L ENTWN B 100102,
4p16.3 NIC 0.54Mb O T AW A BTN FZIET %
ATREPED S & e 12

FEXRMOEER

50~86% I R MO ERZEF L, ASD, VSD, PDA,
PS 73 & HFIRLOREDZ V. BHA 22 BIOKE T,
ASD D 13 5l (59%) &iE%£ <, PS6Hl, PDA 5
T, #HHALORBITERS SNEh T, REDKREE
RENL &R ORREEICHBIE R <, DB E R
BREENTOWAEW?, £/, @alLAFa—)bi
JEZ 36%ICiRDTz L MEINTE L, BREL T
DI E R MEREDN L E L 12,

5p kE&kfERE (OMIM #123450)

BIGHER

Qetafk 5 WHEIBIOE D RKICEEINT 5. 4 15,000
M5 50,000 NI 1 NOBETEDHNS. 80~90%
W& 5p EHER D HAMR L TH D, REDKE T EHEA
T, KI85%IXMHEHITH 5. I 15% IZ AL iz s
T, FEIDEERRERINE Th 2 RN D 5. K
Kzt Us 5 B/BROMKITHN 80D RREETN T
% 103100 G YRS X B Yk TR REDIEE
NN ENHB. 5p Ta—T &V TG kiR

ARNRBERSBSFRIME F£40FE F15

# (FISH %) E—RMNICITDNTOERVD, I17
07 LA REOAERE TREIKT /) Lo a ¥ —Ez bz
M5 ETEWATRETH S. ¥y LA
BRRIGRE N, AL TITHbN TN 5.

N, MR, RS, TEIRIK R, R
Bz 29 %, HOmMILES, ZOHEN
EO P HAEBOTME &5 AT EOIBE FEA
WD L%, IHEREOMIRDN S, TERINS S e
# (Cri du Chat syndrome) EFFFRENTWVZA, )
Yt IS Ao Tt NEY & SN, BRI S N
{7E>TWa. HEWIEEHOFEMFMHEE 5p13.3 &
T TV 109

ZRMOERER

K1 30% I KM ORI Z & 0F L, VSD, ASD, PDA
5 & OHMELLRENZ N 1Y DREB O EEAEE &
LT, 5p HIEEBD 3.6Mb A Al & L THE Eh

71—: 104, 105)

Smith-Magenis fE{&8 (OMIM #182290)

BIGHER

17 B AARERE (17p11.2) OHRERRE, ik
[FIFEIIC (i 9% RAII (retinoic acid induced 1) &
ETFERICKZNTaARICRNT 5. 4 15,000~
20,000 AIC 1 AICRRDEND. RKEDMIFEEITH 5.
17p11.2 THIEICIZHY 80 DIEIL FAENLL, 90%d RAII
BIE 25T 17pl11.2 SO KR T, 10%1d RAIL #
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