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Prader-Willi 25O fil 119 115 JAS 3 A5 F 5L D2

FEK' FAA ERH mEXR FRL' gH' FOFC

(1. By BEAFR W BRI Tlash g rm)UA, 7 & BRI 518028;
2. e BB KFRFEFERERFERILA, 34 XX 430030 )

[(HZE] BH  HITIRKRSE Prader-Willi ZEAME (PWS) FBILAYIGERIG A . FEPIS W K2 B R
WHEEIRR 25, 3% YEHL 2016 4F 7 1 & 2018 4F 12 H ARG REERL PWS 5L 94 FIRBFFEN %, W
FHH AR SME 2 S BRI MR AT 38 (MS-MLPA ) HRIEA TR, %0012 LR I A2 Wik o 61 704
FEAHIHAIL BOLAT A ARIE, 558 MS-MLPA £ AR 6112 PWS UL 11 6, K E38 12%; HA B 761, 44 4i;
FEIZAERS 3 8 4 N H GERL: 25dE 6 % 8 1) o 1141 PWS FILHL 5 B (45% ) W IR RIS Wi
PWS (8 LFE A FE AR BBl o 4] (82% ) . #IE™ 1149 (100% ) . FrA LA JIIRF 1141 (100% ) .
MEFRIRINE 11 61 (100% ) KOS 1161 (100% ) o 518 XTIRPREERIAY PWS LI SR #E T SR A2
ARG RIS W PES 1] E S8 PWS TWi2 . [ hELG/JLRIZER, 2020, 22 (9) : 1001-1006 ]

[ KB ] Prader-Willi ZRE1E; FIEALAERMEZHEAMBIMIRE 1 L i, 2Wn JLE

Clinical screening and genetic diagnosis for Prader-Willi syndrome

DONG Guo-Qing, SU Yue-Yue, QIU Xiao-Ying, LU Xi-Yan, LI Jian-Xu, HUANG Miao, LUO Xiao-Ping. Department
of Pediatrics, Shenzhen Maternity & Child Healthcare Hospital Affiliated to Southern Medical University, Shenzhen,
Guangdong 518028, China (Email: szdonggq@163.com)

Abstract: Objective  To study the clinical screening and genetic diagnosis of children suspected of Prader-
Willi syndrome (PWS), as well as the differences in the scores of clinical diagnostic criteria among the children with a
confirmed diagnosis of PWS. Methods A total of 94 children suspected of PWS who were admitted from July 2016
to December 2018 were enrolled as subjects. Methylation-specific multiplex ligation-dependent probe amplification
(MS-MLPA) was performed to confirm the diagnosis. For the children with a confirmed diagnosis of PWS, the scores
of clinical diagnostic criteria were determined, and the perinatal characteristics were analyzed. Results A total of 11
children with PWS were confirmed by MS-MLPA, with a detection rate of 12%, among whom there were 7 boys and
4 girls, with a median age of 3 years and 4 months (range 25 days to 6 years and 8 months) at the time of confirmed
diagnosis. Among the 11 children with PWS, only 5 children (45%) met the criteria for clinical diagnosis. The main
perinatal characteristics of the children with PWS were decreased fetal movement (9 cases, 82%), cesarean section
birth (11 cases, 100%), hypotonia (11 cases, 100%), feeding difficulties (11 cases, 100%), and weak crying (11 cases,
100%). Conclusions  Gene testing should be performed as early as possible for children suspected of PWS by clinical
screening. PWS may be missed if only based on the scores of clinical diagnostic criteria.

[Chin J Contemp Pediatr, 2020, 22(9): 1001-1006]

Key words: Prader-Willi syndrome; Methylation-specific multiplex ligation-dependent probe amplification; Gene;
Screening; Diagnosis; Child

Prader-Willi 4% & fiF ( Prader-Willi syndrome, 595, &HEZ 1/10000~1/30000, HHEEPK BrEE I
PWS) JE—Fl QIR AR 15q11-q13 KEREER D) ZERAVA PR YL A AK 15q11-q13 [XIkZ) 5~6 Mb J
REBRFET RN B RS Z R S HMEICERE Bk (60%~75%) . BEEHE 5K (maternal
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uniparental disomy, mUPD, 20%~30% ) . E[lig #1.0>
B (imprinting center defect, 1D, 2%~5% ) . Y0,
Ao, EHE (<1%) 5" PWS BILIGIREE
FZHE, SRR, HAZAERE . B FiGSEE
FRINESEN , AU RIS WbRiE S 1E i i2 | 1212
PWS S ALK T | BRSRIRAER DI,
Az RIS WI A T 1A B, BEAF RS K T 2
B AL . BRI BRI T O R A
)R 122, AR e A Ao il BT B R B
TCRAE DNA FP1, 1l PWS Sy FEE AL S B By
TG E, ALK DNA JP 8284k, (A
D RIPEAR T & AR Jg AL A8 S, TR i 1 A B e ik
AR ARIZ W PWS, H iR S p A T B
4 DNA HEEAL BT BOR , Al P IR S 2
HEFEAMPERRET P71 (methylation-specific multiple
ligation-dependent probe amplification, MS-MLPA ) F
AR S R B B EE RN ( methylation-specific
polymerase chain reaction, MS-PCR ) "', AHF5¢ 8 1t
X1l FREEAL PWS S LIEFT MS-MLPA ARG,
XF#12 PWS UK IE IR RIS W brie ™ AT
fli, JF3HT PWS BULRYBAEIRAE, DU it —
A58 PWS Wl 2 Wb b L2 W4 it
W o

1 ARSI

1.1 RIS

PEFE 2016 45 7 A & 2018 4F 12 A fE YT 10
i frfdpe AR SULRNRS, 2R PRI 2 B 0 I
IREEL PWS &L 94 Bl BFFR X S0 A APRHE:
(1) £54 2001 4F Gunay-Aygun 25 P42 Hi 4 A [H]
AEE B PWS HEAT 431 A5 0 4 I A s 2 A oA, B
DAFEW <2 %, RNTKIIERIR T 225 @2 % <4F
1% <6 %, ARMLIK IR e ) 25 | AR B IR
@6 % <A <13 %, RNLTK TP Ty 25 4%
RREIRA . e B CEAERIRE) ;
@F=13 %, HINMZH, B AFRE. o
FERRE . IERE CEAERIIRE ) T ERPErER
PLAEGER , PRI T ARG, (2) 4Fl <18 %
(3) Qe iRtz ANE R CHrA ) LROIFEAE S 2 AN
PRI IER ) o (4) HEBRHEAb B a5 A
PR

AT RGN AL R ARG P ZE 51 S,
LS MR ALY [2017) 33 5, HILWH ALY
ZEMERE .

1.2 M#FRER DNA ZE

PG RIE G, RAEFTA WEFE X 10 51 A
Jik il 2 mL, EDTA $t &, R H Lab-Aid 824 #% 2
PEMGAF & (130 A YR e A PR vl 4
ft) $EHC DNA, DU-800 #% 2 & F 4 Hr AL ( 35 [
Beckman /A ] ) M4 | WREE, BT -20°CHAT .
1.3 MS-MLPA ki

K& A 47 AR 5 R 5T 9 MS-MLPA i
7] B Me028 ( fif 22 MRC-Holland 7 ] ) XF 3 [H 21
DNA PEATAEI, Hor 114> 15q11 XIROMS 454,
28 NMEEXT PWS/ RAFZEGIE (AS) e PE#REL,
5 AN SRR SBERET, 3 ANH b R RER . R
MAEIRUNT . (1) DNA B9ZSPERIEREN 2428 . DNA
3 uL & PCR 1Y 98 CZ5 4 10 min, [ = 25 °C it
HIA 1.5 pL R4 HE A9 (0.75 ul. SALSAprobe Mix+
0.75 u. MLPA ZZ i ) T2l FIRA, 95CEH
1 min, 60°CZ432 16~20h, (2) EEAIEEYI SN -
PCR &% 20°C, HIA 6.5 uL A & ( 1.5 uL Ligase
buffer A+5 pl. H,0 ) 1857, HU5 pl 2Hi%. PCR 1Y
JF% 49°C, fMA S uL B (4.125 pL H,0+0.75 pL
Ligase buffer B+0.125 pL Ligase 65 ) #1745 D1 50k
W5 BN 5 ul % B ¥ (3.875 pl H,0+0.75 pL
Ligase buffer B+0.125 pL Ligase 65+0.25 pL. Hhal )
HEAT B L AL RS 49 °C W% B 30 min, 98 °C i #A
5min, (3) P44, # PCRXEZE 4°C, HIA 5 uL
PCR IE & ¥ (3.75 uL H,0+1 pL PCR Primer Mix+
0.25 uL. SALSA Polymerase ) JR%J)5, Ji3h PCR %
I, 95°C 30s. 60°C 30s, 72°C 1 min, 33 PMEH,
72°C 20 min,  (4) =#53#7: ABI 3130 BAEH
TKAYES, B9 L RGN 1 pl PCR R F= 9t 7
BANEE K (ABI 3500DX) o (5) BdEatr: X
H Genemarker #K 5 LLIE 5 AKG I 33 Sk %o B 437
LG/

1.4 IgRFRIE

[l Jo5t A WA 4 BT A 0 58 % 4 i R Rt A4
Bz s EREES ., AL, IHIR
WP 4R 5%,

1.5 PWS BlmRi2 BT o friE
FRAE (1 Prader-Willi Z5 4 1F127A & 4 4R
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(2015) ) ™ efr 5 IR 12 Wi 3F 53 45 o X PWS iR AL (9) MEEEHE, AITEME ML, (10) if

JLHEAT PR IR IE 3. T bR LR 6 2% 2 5ihR
WA 11 2R CE AR, T EARIE (193 /30) A
(1) A LA LUK SRR . W J) 225
(2) ZIUWIMETR . A7i6 INAE; (3) 1~6 % [E] {4
H P, IERE. STE (4) FRIEMEmEA. 22
JUBIL G A8 . AR /e W EJR . B
fr s (3R RLLE) 5 (5) SMEFEAG/N. B
KHFIER, kTR, BHEMEME LT ER;
(6) KERZE., B IjkhG. KEbRE (0.5 /30)
A (1) rshsid, ZUERE, g (2) %
MEPEAT IR Sy ik IR IR A s A T 2 5
(3) BEORPFIEETISE; (4) 15 ZrHikk/h (o
i) 5 (5) ORVUEWOR (1556 i 5t A
t) s (6) SREE®AMIL, M (<IEWES
25 EHATED) FI/NE (< IEFESS 10 A5
(7) T2 BUCEAGERZINE;  (8) MARHL.

FIEMWE SRR, (1) AR BRI (IR AT, Be55 ).
WY <3 B HIL, Br= 54 ( FEZKibRES 4
) s k=3 %, Bar= 84 (EEEEiniE
ik 543) RIAfigir 4,
1.6 HITFESH

K SPSS 19.0 TG00 . FFEIE
BTGB IR £ fRiEZ (Rxs) FoR,
P& At R DA h A g (JE ) RoR. 1T
TR R L (% ) Fom .

2 #R

2.1 ImFREELL PWS £ )LRIEARZ R

94 Il PREEA PWS fERLH, 55 55 i, £ 39 4,
A AR 45 81 (JERl: 13dFE14%5
AH) , Wk

Fz1 94 GlEAREEML PWS BILIESR]. 8457

\ P [ 1] (%)] : MS-MLPA #ii2
) o 5 % [wwﬁé@ V%] PWS mﬁmﬁ%n
<2 2 17(53) 15(47) 0.33(0.04~1.75) 6(19)
2~ 30 17(57) 1343) 4.00(2.00~5.90) 3(10)
6~ 31 20(65) 1135) 8.16(6.00~12.00) 2(6)
=13 1 1(100) 0(0) 14.42(14.42~14.42) 0(0)

TE: [MS-MLPA| HREA R S 20 T MO AR T4

2.2 MS-MLPA 4R

o4 it PR €L PWS FEJLH, 11 G I 38 AL
U5 DU A sk B IR AL S, B2 o PWS, KR
K 12%. 83 BIAK I 245 D1 %k sk H AL S (&
1A ), MAEPWS JLEE . 11 BilfEi2w B, 761 64% )
RACRERR AL PWS, 4G 5 A PR ER R 1A (A
1B) | 2 FACIHER TR (& 1C) 5 4 6 (36% )
FAEH AL S H, ATREh mUPD 5 ID (I 1D) .
2.3 PWS £JLHEEHFEMIERIZETITED &R

11 451 PWS LSS 57 81, 24 il

TR 2R3 S 4 H (JEF: 25dFE 6 4 8
AN s BRAJLO B, REIL2 4 SF AR
HH2.6+£05kg, FIHAGKN 483 1.8 em,

SOLB R E T A, A 3 2 R EA

BN SN 9 ] (82% ) , Bk LI AT LBk
TR . WAy 22 RO AR T o HAth I PRAFAE J2
I R L 20 11 BlFpA 5 1] (46% ) 353
PWS RIS WERE Y, A% 6 0] (54% ) Kik#], 2
{HAHZE 0.5~2.5497, RZHCh3 % VL EILE, k2,
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copy Bumber detection

< [T TE TR |ﬂ ||}

methylation detection

B 1 MS-MLPA#TIZRE  CETOREE, B ICERILR B B, AEIR L2500 M L8 DUEL (Hhal B
IHO R B EITHER ), 28850 B 34K ( Hhal BV R, 4045 5 A H S 0RR R (20@RT k) | 3 sdRet (4
@ETk ) o B ARIER LR AR, A Q. BHR 2 0L, AIELE(G S0 R e (2o @ik ) Felgil
JRWEMEIE, R RIS AR 3R AR A BE (RERE Hhal BE L) R SALRRIR A B CRAERE Hhal BEEAL) o I B. CAM0
PWS ARGk T . TRLR LR, $2 DUk 34 BP1-BP3 . BP2-BP3 XISELIA (5 S, $R/RAHN XL R B ; L 3Eqk
R A FE VAL , SR AR F AR AR A B, A7 H SEA B R BT S e FP SRS L T D A 3R 53 PWS AL
B8 DUBORANE 5 5 s H R i S DA (AR, SRR ASAA e SR AR B, A H AR BT S e RS

&2 114 PWS BJLEEMFHEMIGRIZEITSER

IH 1 2 3 4 5 6 7 8 9 10 11

P51 7 5 5 5 5 5 7 5 %7 5 7
A 6 1 6 3 4 6 2 1
PR S IR TR S I R RN SR Rt
AT wlE e EEE BRSO WIE ElET e REr RET REe dE dlE
JiGie (J&) 39 40 37 41! 36" 38 38 42 38 35* 387
A (ke) 2.60 3.45 2.22 2.83 2.50 2.35 3.00 3.00 2.65 1.87 2.10
A B (em) 48 50 46 49 46 49 50 49 50 45 49
AL

LK ST " + + + + + + + + +

M Sy 2% + + + + + + + + +

SRR + + + + + + + + +
IR EATTES + - = + - - + - _ - _
PERRAEE AR + + + + + + + + +
WL BRI ™ + - + + + & - + +
KEBZE. BRR  + + - + + + + + +
TR LT - - = - - + _ _ n " _
s + + - + - + + + + +
(R UUE R + + - + - - n o M +
F M - - - - - - - + + +
3R B kA + = = - - - . + n _ _
AR, I - - - - - - + + _ +
Y8 260 - = = = - - - _ _ _
17 1A - - - - - - - + - _ _
s 6.5 5.0 3.0 5.0 4.0 55 7.0 6.0 75 6.5 6.0

T+ — G I H N EESERAE; # 3 O Prader-Willi ZEA MRS G R I (2015) ) PG RIS WHE MR A TIES
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3 itig PWS"Y, MS-PCR $ R A fE X 5 PWS 13815 &

PWS F 1956 4F 1 Prader %5 ' 15 38, &
5 LR B AE PR ERE i 8 MR R 22— B, Hilf R ER
M SR, AAEHSRF RG22 5, 15 Rl R i2 Wi
BOMRME, AMIt, 1993 4F Holm 25 " 42 H T PWS
FIEARIZ WA FRiE, 2012 4F Cassidy 55 WEIE T
ZhRE ", 2015 A E R ZILRSH iR,
il T PWS I RIZWITE 53 brifE ™. Gunay-Aygun 45"
FRAE Holm 25 "V ()11 A2 W 9743 b o 617 1E 47,
KB 17% (15/90 ) PWS & ILAFF A % I IR 12 Wi
bR, 4kimiHE T PWS IR A bR, ABFIE K
i Gunay-Aygun 55 ®' (WAL bRifE, Tk o4 i B¢
L1955 1A MS-MLPA A&, 45 55112 PWS 11 {4
(12% ) . Tuysuz 55 "™ %} 65 7] 0~2 % ALk F{E T
122 L EFT PWS i #r, 119% (7/65) HY2E LWL
i PWS, SRWFFERL HORIEARFATT . [RIB AT 5T
HRAE T PWS I PRI Wi bF 43 bs o ™ XF 11 61 PWS
BOLIATIESr, K36 B (54% ) KikFNIG RIS
bR, AMEAHZE 0.5~2.5 50 I, [URPEIG RS
Wit Al e 2. %12, Wik—5Eagix
i R W PE o
PR B [ AMRIE 1 PWS R WA I 18 d
4.9 B RN A h s 4 RS R PWS
AN 14d B 14 %, RFERKATIE 9 4F, At
58 PWS HiZ4EIR H 25d 2 6 % 8 N A, WHA4EIR
34 44 H. PWSJEFIN, HTFIRKREIMAHA
JE, RN 2 G R S RGN T v, AR T
WHEDE M R, eI AT A 4 BE L PWS
LI R T A 1 B 3 R AG I Oy vk B A2 7, o
PR R R0 HE (HRB) | OB IR 438
A (FISH) . 5 FE K538 (CMA) . DNA H
FALA TS, XL TR A A R RBR M, AR
W SBRiG LG . HRB, FISH Y& 41 i 5t 14
SR T, W ALREAS H R B B R PWS
Ytk 0, HRB § AR H 22 60%, FISH
BRI R TF 2 70%~75% ., CMA A] A6 3
PRI 48 DB e S5 A, HONRE B A L A 67 B[R
iR, 12 PWS ARG A7 . FISH 454
MFB M, Hrp DNA H 3L/ Hr 8K 2 H Ei v
BHNTZIN PWS 5 FAEY 222 W T B, ALdE MS-
PCR 1 MS-MLPA 4% AR, P35 ¥ 0] 7 35 >99% 11

AR, KL, MS-MLPA Hi AR AL AE ST HEAC PR R 2k
RIS ARG, R AT XA AP B Je T T AL,
F4h MS-MLPA L rl K Hy AS!! ARBFFE I F MS-
MLPA HiARH{Z PWS #IL 11 1], 045 5 6 (45% )
ACUR BRI 1AL 2 451 ( 18% )RR 11 Y 4 511( 36% )
LA S8 . BFT R, AN[ESER L PWS [ Bt
I PRAFAEFE ) BT R i ™ AR B s 5 1,
HAFFEK T PWS % PWS BYH-& KU AR, 4n
ACYFER K FLFN mUPD Y F- & AU <19%, T BRI v
DRI FBOL I & KBS P36 50% , A AEbEE 15
5 AR IR A 2 67 [1(15q515q)] 8 LI HE K
AR $23E 100%™, R IL, 709 B 32 PR AU X 4
PWS fBJLIRYT Mgt il oA 2 L,

A5 PWS L4 K Z 50 2 A L,
MAEKE, IRAESKZMTIEREE. gl
Bl E e A, ENARE PWS L E R
H 64.39%~83.3%""; Singh A5 " IR IE FH B PR LY
55%, INHEFIE RS ENER ., FREZ . G
DS R RA G, A5 82% &L RifE7ENG
b, 5 SCERIRGE 1 72.7%~90.9% 1Y K H: R EE
AR—3 " Holm %5 7 AR [ 4 52 L Y HRKE i
Sk VE I RIS WS AE A R ZEIFE 2 — . Gunay-
Aygun &P & BUG Bk b O IR B2 MR dE, =
HAURPE R (89.3% ), HE/R 78 7= |1 0ifi A5 i N
T LI, Yang %5 "' X 134 & PWS LAY 4=
WIRRIESEAT 08T, R B0 B ZRRIE A & P iR shis 2>
(88.6% ) . #IE7 (82.8% ) . WK KT (98.5% )
MEFRERME (99.3% ) KRFEALT (97.8% ) o ASHE
55 11 ) PWS BLYIAEAE B A LR AILTK J7
WA TRINE . SRR o 2058 s LK KR |
WA PRI . SRAAIR R PR E PWS LB LIRS
W AETE R I PRARAE "1™ ST BRI R4 E
ML, ImPREE IR &S PWS B AT RENE

B PWS BILAET A LRI MK TIE T
FR R RIE, 72 B A EORR T RIRSE, )
Kb3E I T BILAAE B BT 2 H . Shoffstall
2t DU G AR IR BE PWS BB B IE BEIA T 2 e
Ik PWS B H 1Y 4.8~10.7 f5, HIRYT T FHAVE Be st
(] BEIZ WA W4 Y ZE DR TG /I . Bacheré 25 20 5 B
W Wrah & 224 RHP BT 45k PWS 22 LA 18 52 A
B AR, IF ] BRSO R . RO R,
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A KIS BT AL RE M Bk AL AR 43 (%
TCARE FIHOMALIA ), B RERRARAE FEAH 5 I & 5E
() e A= R AE R B R, A5 b B st
B LR PWS iy, DIRERIEZ . RI2HRR
FBE AL 2 4 U = H Mahmoud %5 Y R ]
MS-PCR 1 MS-MLPA 78 4= )L 2 58 48 1A g
R T 30 6 PWS L, SASEEL PWS #r Az L
AP T — 2 B

ZE LTk, XFilfREERL PWS L, WAE N
Gl R R B AR LRI . IR A
MEROE LT 4, W K R TR A2,
LAKEE IR RIZ T2 7] BE -3 PWS Twi2 .

BN RFE P FTAAEH FE R A A B

B

(2 % x k]
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