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Abstract : Objective  To detect copy number variations of a pediatric patient with special face and delayed psychomotor develop-
ment, exploring the pathogenic factors of genetics,and investigate the superiority of SNP Array(SNP Array) in molecular cytoge-
netic diagnosis. Methods The karyotype analysis of the pediatric patient and her parents was by G banding, furthermore, Copy
number variations were detected for a pediatric patient by SNP Array while fluorescence in situ hybridization(FISH) was used to
verify the results and pedigree analysis. Results The G banding showed the karyotyping of three of them were normal, while the re-
sults of the SNP Array demonstrated the micro deletion on chromosome 22 location ql11. 2, the result was verified and the micro de-
letion found came from her father by Fish. Conclusion The pediatric patient with special face and delayed psychomotor develop-
ment was associated with the micro deletion on chromosome 22 location q11. 2.due to its high resolution and accuracy,the SNP ar-

ray has provided a powerful tool for genetics diagnosis especially for the patients with unexplained mental retardation.

Key words: in situ hybridization.{luorescence; mental retardation; DiGeorge syndrome; genetic techniques

DiGeorge £E G AL 5 0 T 45 45 AR B S8 KAk S0 T AR 2545 SR IRDUIBRAE "1 R A MR 2 Re v 8 A KOS g 2 R e e, A
AESFHUESE 5 22q1 1. 2 BB R ARG R A NG PR A LEy MR N g B TR IRER 58, B R AR O T g 3T g 32 45 1
1/3 000~1/4 000", 22q11.2 %4 3 Mb 47 MU/ R IR 1 S B 5 SR B30 58 O, 29580 g ¥ 5 ML R L S B R IRER
R TR LU R MAFTEBL SR i IR R R B A FIEW. CEWZER XHE&REEY FEEREERL
— L BEEMEIIIRA L 22q1 1. 2 BB R LR AR oAb B BRI AR . DLIAT DU B A B R 2 2% AE ) I il a8 S
FOINHIBE B R R R BB E S AW B LIS . Miller £,

SR TR AT VRHBE R RZREIE S AMIES 1.2 AR S G BAERGHT HBCR LK LA RE Y S
AL LB R R 4 2R 2 S i B A R O s B R TR e AL AR T 1640 B SRAEHL 37 CAHR I IR 72 h s Ak K Al
PR A I R B0 I2 T . A S8 W SNP Array Xf— & ) ok, WA G BAV R AT L BT S O ol an i
IRF RRIR I A 0 LT 2 RE LA B P DB o b OF B4 CORAT A BT r AR RO A N RICANE 1A A7k

R D SR AL Z 22 B AN 55 R AT W A B R A4 FRifE Ws 322, 2-2010) 24T .

1 #EHEHE 1.3 G0 e B R 2 2 5

L1 —¥%R BIL.%.2% 44 A WP H R 0T % 15 3 1.3.1 A H4 DNA g2 R A E Qiagen QlAamp
F 7 BEBEH SRS B A A XTIE B2 R R U A3k DNA blood mini kit 21 4x M1 2% K 21 DNA. #4512 150 W 247

HOBESREMMNEG . ERZEVNLRE . R BILRSE 2 T TE BB i DNAL R 5 DNA ¥ K T 50 ng/pl, OD {H
Jif R G5 A5 E A VR R B S R BLTE F R TR . H1.8~2.0,
HBEHEAT TS A LA S - 38 8 i 5 — . 28 1 IR/N A 13,2 Zesg 98t S8 i P A llumina HumanCy-

7N

FEF RN  XVWE Lo g BRI, 2 S O B2 2 W E T . 2 JlIRME , E-mail : [sp-325@163. com,



EFRREFLF 201349 A% 34454 178 Int ] Lab Med,September 2013, Vol. 34,No. 17 . 2217 -

toSNP-12 Beadchip it5 Jr o AL 5 2y 30 J5 A BREF Ao I A7 o5, 3
TR E AP B K YRR B DNA Fr B AL U0 TE B R
fE1¥) DNA DNA Jy W7 ot R 2438 Lt R 1 BR 2 S fif 45 52 56
3B 5E A4 38 L 06 L B SR VR B B A 5 I, R A Iscan
R G AT EAE RS ] Karyostudio BAF#EAT 8048 4347 .
1.4 FISH &M R ARG & FISH 357 & . N &#& TUP-
LE1 #%F (22q11. 2) Fixd BEREH ARSA(22q13. 3) , % & JL K =
ACEE I 4 B VAT AN o % B B A T A < 4 20 i R VR O
B TE 1V BE 43 B A A A8 DX 43 ) T 0 B S 0 A i) 3
Jr b He P UL BEATRE AR AL BE AR DNA AR P R £ E A
FACH R AT JE e e E Y B R K. Olympus BX51
WRUEE NS EE L BT 4k 200 4L, ASI Spectral Ima-
ging 5. 0 Q438 3 4 SR AR A b 3 IR 45
2 &% ES
2.1 G BWHASHER HBOPEANRIEAE T AT
PRt Ws 322, 2-20100 88 T 3151 20 4> 43 2L b 101 /% 40 Jifd 43 A 5
AR AR A0 AR, BB L R A B AR TN IE R SR .

K 2.

B 2 BJ)L 320440 &% C BB E

13 14 15 18

19 20 21 22

2.2 SNP FEH A SE A s s a5 SR b /B L IR R AL ik A7
SNP array $4 53 7 . #4795 DLECE F (CNVs) K I BR 2 3% 7€ .
Oy MR LG A AE — A CNVL A I 25 51 9¢ 6 15 5 ol i 3
/N A T 0. 25 /)5 R & . B Allele Freq HAT H Fh %
KAB L FERM A AB) E R, BRI IK B kBT Bk,
DT 3 CULGCFE] B 6 B 2 2% 36 ) I 3 5 0 “98 ST . 40
B B Wi 7 T Chr22ql1. 21, {2 117 55 2 18889490-21798907,
K /NH 2 909 Mb, 414 DGCR6; PRODH ; KIAA1647 ; DGCRY 5
DGCR10; DGCR2; DGCR14 % — Z 51 0] #3514
2.3 FISH &R S8 F 40200 {55847 A 40 B
RIBILRIA R g e ARSA(22q13) B 2 M55 8L,
M4 a4 TUPLE (2211, 2 X 1 N5 S A B T
22q11. 2 @ik e L BGE T 4 JL SNP array # % B 09 22q11. 2
T e TR LL A E S S a6 F 57, FISH /i
SRR EIL 22q11. 2 BB SRR TACSE . WA 4 CRLCHE bR
65 56 5 2 2% AR ) 3k 8 BT SCRHED
3 i

75 1] Decipher 4 2 AH U 2% & M B 2 19 5 4] 32 %, & L
I PR 22 78 1 2% MK L DA DiGeorge ZE S IR R # W . B %

R OMERE FHRERERE 80 AN M, B I,
WA A W G A 38 B, X HE 2R B A B 2 A v el O o ) 1 3R
R, K BT A ) R B A AN TR I B P R BRI .

22q11. 2 BB K KA ML & i ok g o 2 i)
22q11. 21~22q11. 23 KIEM 8 MK DL E K 7904 7 7 [ A
P R AR AT EAL, FET — 4 22 5 Y o R A B k.
153 X 38R 5 o 35 IR 1y B 050 4 R AR L 7 B 2K IX 3, HI-
RA,UFDIL, TBX1, COMT #l CRKL % 3% # I\ A 5 Di-
George ZEAE B VIMSE . Hvh TBX1 B FE R WA LNEER T
AR E T EENER . 22911 2 R M B H A
6 R0 VR R 31 2 TR 0 3 Ik 0 U S R Y T R 3R
L I AT 2 BE R A 3l S IR A i R E B = S I R
fE . 48R 2R BB 22411, 2 3Mb A2 L1 726 1
H—AE/N 1.5 Mb Bk, 22q11. 2 Mk A % 180 £
Tl AR G 2 5 1) 28 T4, 40 48 2 00 SR VI 1) T RE R 4
FomE A W B E NN KR E R BILE
R BRI E BLE T 10 6 22q11. 2 BB AR 45
A HE (AR [ 2 BTSSR G AR s O R L S L G 9 A
T H A 25 T T8 4347 5 3 96 1) 26 TR R B Ok A BE ORIV IR R BB
FEBRR R R 2y 3 Mb BHE B0 o BT 45 9% 1] vh — 2 BT 3 3 LA
b 43 7 160 1) 5 SA P A H Aty 1 09 5 A Lt n] R B
hy L b e T T G R SRR B R Y 2 ) R AR iR R B
5 RIFIE 4 b A ™ 5 SR N A S B R AR R T B, )
7 S 70 R RV B AT 7R A 3 Rl oS ) A A 4 B I IR BT 2
W FERTEEE BRI R A R B 1.5 Mb AT 3R Bk ™
P T B S kS S A I 45 L 38 AT B Ok R BEOh 2.0 Mb 1995 )
B L4 DL 22 0y Y S8 A 38 B R B R BB Bk . dl ol
W, 22q11. 2 Uk 2R 25 A A I PR 2% B 2 B B 2k R BT R/ — £
1) £ At T R B AN T A PR AR AE

i PR32 H Array ZEAH R BE R WK F R BRE R
Z KWL 5 B AAE % F 35 10 6 EG A3 o, e 6 R 3 AT e
oo R 0 e 0, AR R TR A3 AT 1) R A A0 L 38 T et L B R A A
B 40 i 35 % 27 005 Bk 45 (ISCA Consortium) %547 9 IR /9 [ Fr
W45 K Il ¥ 33 5% 21 698 S #H 2 5 Array UF 5T B9 i 15, 42
HET 70 1 SRR AR 4 T Y €0 AR B A AT 00 I ol AL S R £
TR S8 1) 22 BE VLR 56 5E W 52 56 1 i B L Array B R & T 2
AR & R 8RR B RE B FH 2B 5% ~
20%6) , T Y o PR A% B 43 M AT 2 3% W2 iR, (R T Array X
TN R Be iy B 2k iR A 2 v 1 SO

&% ik

[1] Maruyama S,Suda M,Kobayashi T. A case of DiGeorge syndrome
with left internal carotid artery absence probably causing one-and-
a-half syndrome[]]. No To Hattatsu,2012,44(5);392-396.

[2] Garavelli L,Rosato S, Wischmeijer A,et al. 22q11. 2 Distal Dele-
tion Syndrome: Description of a New Case with Truncus Arterio-
sus Type 2 and Review[ J]. Mol Syndromol,2011,2(1) ;:35-44.

(3] MMEE, 77 #F. 22q11. 2 B R LB AERF R BROC LT 1. [ 41 5 4% gt
1B 2400 . 2004, 27(6) :371-374.

[4] Miller DT, Adam MP, Aradhya S, et al. Consensus statement;
chromosomal microarray is a first-tier clinical diagnostic test for
individuals with developmental disabilities or congenital anomalies

[J]. Am ] Hum Genet,2010,86(5) :749-764. (R4 2220 F1)



. 2220 -

[regh E ¥ 2% 20134 9 A% 34 %% 173 Int ] Lab Med,September 2013, Vol. 34,No. 17

G R U5 0 T B (JNKO 35 4k | caspase-13 FOBLTE " .

INK {553 % 2 22 245005 A 21 1 0 (MAPKD) b i 2211
YL BLHR 43 - 5 DA A0 0 2% T 1) B A AL B 1 5. INK W g B
o O A B G L W] AR 2 N Cn AR KR R B TR R
200 i PR 45 80O T L TG 2 5 20 B 4 L 4 Ak R g . JNK
FHE T L4 46kDa Kz 55kDa W5 Fh R R 2 1, BUR T2 & 17
TERHE .

X 22 52 955 A AT 5 A0 S R TNK 3l % 78 40 A 08 12 v 1) 02 3
i - AB25-35 il i B TG INK K HE Y - JUN i 5 ¥ 1 i 4
TP T 45 T4 5 A I R SP600125 J5 . # il T INK K o
JUN (#1220 . Wang 487 BFSEIESE INK &
RS 5T W IRV 5| A b 28 B 4 R i 48 0 T [ BHIE
57 SP600125 A AR 1EH

SP600125 J2&—Ff 5 I TNK 3% 4% 119 /5 356 B 1 400 1 571 ,
WSS ATP AL S 6 INK #E . SP600125 7T L) 3 i
il INK A 509 o Jun B ER 10 & #E4E . B H s 2 o 1R 4%
PEFFE T INK 558 g% orsets . 24 SP600125 ¥k ¥ h
10 pmol/L AT f# JNK 38 B #0  75% . 24 9% B 35 20 pmol/L
A AT TNK S8 0 ] K F 9000, 4 525 A SP600125 i 5g T
T, AT LA p-INK Ay 22 3% . DA T A 20 s 20 40 i R o i 4 A
— S AE T JNK 38 B 7E @ Ang 1T U7 8O 40 j 5245 o i 42 34
TAEF S 55— 07 T A A2 400 A 0 PR 4 2 A3 T TR T A

& % Lk

[1] Susztak K. Raff AC, Schiffer M, et al. Glucose-induced reactive
oxygen species cause apoptosis of podocytes and podocyte deple-
tion at the onset of diabetic nephropathy[ J]. Diabetes, 2006, 55
(1):225-233.

[2] Park CW,Kim HW,Ko SH,et al. Accelerated diabetic nephropa-

thy in mice lacking the peroxisome proliferator-activated receptor

alpha[ J]. Diabetes,2006,55(4) :885-893.

[3] Johnson R, Yamabe H,Chen YP,et al. Glomerular epithelial cells
secrete a glomerular basement membrane-degrading metalloprotei-
nase[J]. ] Am Soc Nephrol,1992,2(9):1388-1397.

[4] Shankland SJ. The podocyte’s response to injury:role in proteinu-
ria and glomerulosclerosis[ ] ]. Kidney Int, 2006, 69 (12);2131-
2147.

[5] Glembotski CC. Endoplasmic reticulum stress in the heart[J]. Circ
Res,2007,101(10) :975-984.

[6] Thomas CG, Spyrou G. ERdj5 sensitizes neuroblastoma cells to
endoplasmic reticulum stress-induced apoptosis[ J]. J Biol Chem,
2009,284(10) :6282-6290.

[7] Singh R,Lechey DJ. Effect of ACE inhibitors on angiotensin II in
rat mesangial cells cultured in high glucose[]]. Biochem Biophys
Res Commun,2007,357(4) :1040-1045.

(8]l Sl ¥ PRy 5 IO 7 388 M DR W 40 3 R o 08 4 T R JHC AL ) F 5
[DJ. it b E R KA . 2011,

L9 ¥, ot FREE 7K 5. A BT I 7 3815 JHF 4 i O T L0 0. i A A
b3 ,2007,15(23) 1 2507-2515.

[10] TR BEETE 24, 45, INK {5 5 575 53 e Ap25-35 i 5 K
BRI o 22 ST 08 o T AR I HL R RS R 5T [0 ] o I b 2 )2 e
& .2004,20(2) ;135-139.

[11] Wang SF.Yen JC,Yin PH.et al. Involvement of oxidative stress-
activated JNK signaling in the methamphetamine-induced cell
death of human SH-SY5Y cells[ J]. Toxicology,2008,246(2/3)
234-241.

[12] Jin HO, Seo SK, Woo SH, et al. SP600125 negatively regulates
the mammalian target of rapamycin via ATF4-induced Redd] ex-

pression[]]. FEBS Lett,2009,583(1) ;123-127.

(e B #1.2013-04-12)

(e 2217 5O

(5] BN AR5 b 55 L FH AR 9 LG 450 B PR 2 2% 32 R 7™ i 12 i
DiGeorge Zi45 IE— i [J]. v 48 B2 2% 38t 4% 2 24 35, 2011, 28 (2)
238.

[6] Ou Z.Berg JS,Yonath H,et al. Microduplications of 22ql1. 2 are
frequently inherited and are associated with variable phenotypes
[17. Genet Med,2008,10(4) :267-277.

[7] Simon TJ, Wu Z, Avants B, et al. Atypical cortical connectivity
and visuospatial cognitive impairments are related in children with
chromosome 22ql11. 2 deletion syndrome[ J]. Behav Brain Funct,
2008,4(1):25.

[8] Rauch A,Pfeiffer RA,Leipold G,et al. A novel 22q11. 2 microde-
letion in DiGeorge syndrome[]J]. Am ] Hum Genet,1999,64(2)
659-666.

[9] Rauch A,Zink S,Zweier C,et al. Systematic assessment of atypi-
cal deletions reveals genotype-phenotype correlation in 22qll. 2
(1.7 Med Genet,2005,42(11) : 871-876.

[10] Ben-Shachar S, Ou Z,Shaw CA.et al. 22ql1. 2 distal deletion:a
recurrent genomic disorder distinct from DiGeorge syndrome and
velocardiofacial syndrome[ J]. Am J] Hum Genet, 2008, 82 (1)
214-221.

[11] Tan TY,Collins A,James PA,et al. Phenotypic variability of dis-
tal 22q11. 2 copy number abnormalities[J]. Am ] Med Genet A,
2011,155A(7):1623-1633.

[12] Jawad AF, McDonald-Mcginn DM, Zackai E, et al. Immunologic
features of chromosome 22ql1. 2 deletion syndrome ( DiGeorge
syndrome/velocardiofacial syndrome) [ J]. J Pediatr, 2001, 139
(5):715-723.

[13] Bassett AS,Chow EW, Husted J, et al. Clinical features of 78 a-
dults with 22q11 Deletion Syndrome[]J]. Am J Med Genet A,
2005,138(4):307-313.

[14] Maalouf NM, Sakhaee K, Odvina CV. A case of chromosome
22ql11 deletion syndrome diagnosed in a 32-year-old man with hy-
poparathyroidism[ J]. J Clin Endocrinol Metab, 2004, 89 (10) ;
4817-4820.

[15] RER, &5 BN LF  EEAZHEEHIERLT] 8%,
2009,31(4) :339-347.

(161 T%F, RRER 27, 4. T Affymetrix 43 D20 85 R A I 2 65
A 7q36 XI 1 DNA $5 01 % 5 A2 [T ], o A6 B 2 st 1% 22 2% 3K
2009,26(3) :336-339.

e fie B 37 :2013-04-01)





