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_____ IR R
JLAE AVERE R F1 s 9P21 DXL P AR I F 52

R BLAL MEBRB O RFER HEE BHUE
X KM EHA FRBRAE 4R REAE ZBRL

(P EEFHFEDRBER / g FHRPILE, £ 300020)

[FE] B8 #158 9P21 X1 CDKN2A H1 CDKN2B H:H P BLAL7E JL i 2 P86 2 (i (AML) Higk
A R LS G PRAFFAE S TS I AE G, ik BT S-8 2010 4F 4 2 2012 48 12 A g2l AML 11 58 )
BILPIGIR R, HEHR 38 B fHERR Ak B LB X BRAL, RAEPILLLE M) BRSO I, 5 AR HUE 4] DNA;
W FH TR Sk — 22 S IR VIR AT P B89 (MS-MLPA ) &1l CDKN2A FI CDKN2B H& 4 1 AL I

SR TR R LB B I Ak, 58 B LH, 44 BRSNS AR ARET . CDKN2A JEP H by
JFe 136 bp 1237 bp #4441 ; CDKN2B R REAL#: )2 130 bp, 210 bp., 220 bp #1417 bp #54%F, CDKN2A JE K I AL
AL 5%, T CDKN2B S B AL RN 76% . 1% B SLAL ST2 I AP L I 2088 ORI MK A 6
g5 JLE AML % CDKN2B 3L FEALRE RS, 1 CDKN2A HEP AL R AR

[ FEYRILRIZE, 2015, 17 (1) : 6-10]
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Methylation of the genes in the 9P21 region in children with acute myeloid leukemia

ZHANG Li, RUAN Min, LIU Xiao-Ming, ZHANG Jia-Yuan, GUO Ye, YANG Wen-Yu, LIU Fang, LIU Tian-Feng,
WANG Shu-Chun, CHEN Xiao-Juan, ZOU Yao, CHEN Yu-Mei, ZHU Xiao-Fan. Department of Pediatrics, Institute of
Hematology, Blood Diseases Hospital, Chinese Academy of Medical Sciences, Tianjin 300020, China (Zhu X-F, Email:
xfzhul981@126.com)

Abstract: Objective To investigate the methylation rate of cyclin-dependent kinase inhibitor 2A (CDKN2A) and
cyclin-dependent kinase inhibitor 2B (CDKN2B) in the 9P21 region in children with acute myeloid leukemia (AML)
and the association of gene methylation with clinical features and outcomes. Methods The clinical data of 58 children
who were newly diagnosed with AML between January 2010 and December 2012 were retrospectively analyzed. Thirty-
eight healthy children were recruited as the control group. Genomic DNA was extracted from bone marrow or peripheral
blood of the 58 patients and 38 healthy children. The methylation status of CDKN2A and CDKN2B was analyzed by
methylation-specific multiplex ligation-dependent probe amplification. Results ~ Gene methylation was not found in
healthy children. Methylation probes of 44 patients were detected in 58 patients. The methylation of CDKN2A was
detected with 136 bp and 237 bp methylation probes. The methylation of CDKN2B was detected with 130 bp, 210
bp, 220 bp, and 417 bp methylation probes. The methylation rate of CDKN2A was 5%, while the methylation rate of
CDKN2B was 76%. The methylation detected by some probes was associated with sex, hemoglobin, and platelet count
at the first visit. Conclusions The methylation of CDKN2B is a common event in children with AML, while the
methylation of CDKN2A is relatively rare. [Chin J Contemp Pediatr, 2015, 17(1): 6-10]
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i AML (TR R P DR kB, BR T i
A Z b, R AL 2= R & A i 7
RS T EBEEM Y, MO AT R,
DNA FHBEARIR A5 57 D0 A2 40 25 A1 1 sy HH Ak
RFRFEA MBI EERE. W BN
B . T 1 LA R SR T O TH AR AT A AE
B

9T YRR 21 B (9P21) MR HEZL
IR 1) A A e Rk AR i A SRR . HET
E 28 & BLAE 9P21 X BE AT P14/ARF . P16/INK4A |
P15/INK4B S5 SE, 1A EAEwiniT, I
HASES, WL —A 52 m 3 B %
308 3 400 ) 2 A R 40 8 AR B 4 FN 6 (eyelin-
dependent kinases 4 and 6 ) [ 3% PE, i 41 A i 19
P50 T GU/S I, 0 4 Bt Je 3 25 6k R 45 1
IO T A YR S LR R A
BRIV VR LEE T 82 i St 1 i AR P16 Bt
3Lk, 255 B8 P16 LR 3 M & A R0
39.0%; £ A AML H, A 50%~80% [ & Al
DA I %] CDKN2B 2 K (P15) B 34k ™7, 3¢
T AML PSR IS E R e | NS E S 2,
SR Z /& N AML A58, 78 L2 AML 5 #ff
FERANT D o T 3 EJLE AML H P14/ARF
P16/INK4A ., P15/INK4B 5 K H EAL A9 F &0, A
FE 0 FH F AR S - 2 i B MO M A 4
7% (‘methylation-specific multiplex ligation-dependent
probe amplification, MS-MLPA ) X 58 #i] %] 12 AML
B L #F 47 9P21 X Bt P14/ARF. P16/INK4A |
P15/INK4B JEH AL IOITSE, o b HS I Ry
ik, PRI ARG, AR,

1 ARSI

1.1 HRIIH

WCAE 2010 4F 4 H % 2012 4F 12 H 3B LRI
1R 58 BIHIL A AML A1 BE £ LAY I PR 98 8 1
PEAT WU S0 BT, EL G I RFRAE . FAB 43784 12 44
M AL 2k e AR 45, A LS B REE S % . @
MO 2k 2z Yt | AT F 28 4 750 % 200 B ast 1 2 1
2o FIIEE 38 il fil e R B LB AR IR X IR AR
WF5E RS AML AL R il e )L 3 I 4 A
T

12 BFAR

(1) 205 4w 40 8 s (APL, AML-
M3) BILIRIT O % W H & R R 4 H R
(ATRA, HH 25 mg/m®, HEZH 42d) A=
Ak T (As,0,, % H 0.15~0.2 mg/kg, % Z2fdi
28 d) T IRIT A2 %M (CR) 5, 4T
EHEZAEE (IDA, HH 10 mgm®, L
3d), 7T As,0, ( £ H 0.15~0.2 mg/kg, ELEH
28 d) frifbifnyy. LiRiRIr 4 s BEAL A R
PIZL, 4390 T 4% % (DNR, 4 H 45 mg/m®)
o DNR ( 4 H 45 mg/m®) + B[ ¥ g 3 (Ara-C,
12h 1000 mg/m*) , 7 F2 3 3% L2 4l 3 d,
HH2 AT 4EFRIR 9T MR ATRA (& H
20 mg/m®, 1~14d) B4 6- $iFE 14 (6-Mp,
H 100 mg/m®, 15~28 d) 1 H 2 B % (MTX,
H 20 mg/m®, 15d f122d) #E473R97, HL4ERG
IT 2 4F . AT 2 FIHb ZEK A (4 mg ) +Ara-C
(36 mg) +MTX (12 mg) 1Y =BCHSTE 4 K.

(2) 4 AML-M3 BILIRIY HE: A BILR
Fi AML-99 J5 A7 4ky7, 100 3Cik
1.3 E[FH DNA 2B

B AML LA £ B L 28 75 J8 & B B Tk
AbJE i 2 mL, 2k H DNA #2 B0 1) & (Axygen
Biosciences 2N H], EE ) $#2EIELH 4 DNA, -20°C
TRfEe
1.4 MS-MLPA ;&7 BREL A

Fir kR & W T 4 22 MRC-Holland 2\ #]
(ME024-B1) , B A#AELEMT: (1) DNA
Ag P, BUS pL (20 ng/ul. ) DNA £ &, 98 °C 4b 3
5min, 25CHE ., (2) 45 DNA ByZe58: B
WERE, BEEZR, A 3 uL 2438RAMW (1.5 pL
SALSA probemix+1.5 uL. MLPA 2% #h i ) , 95°C &b
P 1 min, 60°CIELIA 16~24h, (3) i K -
1k: PCRAXFER] 20°C, B PCR 45 4545 i
A 3 uL ligase buffer A F1 10 pL 7k, WFTIRAT;
MRAST R a. b A, & HC10 pL IR G BT Y
PCR % K Fr A &0k nl PCR X, 48°CHf5%; f:a
BRI 10 pL R AW (8.25 pL 7K +1.5 pL
ligase buffer B+0.25 uL ligase-65 i ) , & 2J, &
b & A 10 pL 3% B2 0 - AL IR & W (7.75 ul
7K +1.5 pL ligase buffer B+0.25 pL ligase-65
fiff +0.5 pL Hhal i ) , 1E2J; 48 C ¥ 30 min i%
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BT Ak 98 °C i #4 5 min K 7% fiff; 20 °C B 1%,
(4) BHFREH PCR Y4 . M PCR R IHUH AR,
FZa5i; A 10 uL PCR RS (7.5 uL /K +2 pL
PCR Primer Mix+0.5 pL. SALSA Polymerse ) 17 PCR
Pis, 95CAE M 30s, 60°CiE k 30s, 72°C i fif
60 s, 35 MEA)G, 72°CHIEM 20 min, 15°CHE,
(5) PCR “WIME4HA HLIK: B 0.5 uL PCR /=4,
HA 0.5 pL 500LIZ® Size Standard F1 9 pL Hi-DiTM
Formamide 1T B ME H Ik, (6) 5800 ifs
25 B4l 1 GeneMapper 4.0 F1 Coffalyser #X 41172
EFT, TR B R R R BB ol R i

I MS-MLPA I &b, A8 9 A H ARG
¥4, ATk CDKN2A ( P14/ARF. P16/INK4A ) |
CDKN2B ( P15/INK4B ) FE A 5 gl X 35k i3 H 3k
R BERE RSO 1,

£ 1 MS-MLPA iXFIEh BEMAFRHERITIR
HEBk
J (bp)
CDKN2A ARTAEES T 137 923nt (P14/ARF f33hT) 136
CDKN2A LA 1% 990nt (P14/ARF B8+ ) 157

HEA QetafRsEfr

CDKN2A  #M@ T 1 (P14/ARF J33hT) 427
CDKN2B 41 1 (P15/INK4B J3 51 ) 130
CDKN2B 41 1 (P15/INK4B JR 8 1) 210
CDKN2B 41 1 (P15/INK4B JE 81 ) 220
CDKN2B  AMgF 1(P15/INK4B JE 3T ) 417
CDKN2A #hi 2(P16/INK4A J3 31 ) 171
CDKN2A  #MET 2(P16/INK4A JE 3 T) 237
1.5 BEA

Bt DR A E 2 2013 4F 12 H 20 Hal ki H
W, hBETIEECY 16 S H (1~45 401 ) o Tos
EAAE (EFS) A% SCh HiZWr 3128 1 ekl ((
& FHEYEMIGIRE & . fF CR B P3ET ) 5%
ARGV H W JoWetEAE (DFS) Wi LR H CR
A E Ko AE CRIARIZET- s A RBE DT H I,
BAAE (0S) #its Hizlr Est T sk a7 H .
1.6 SFit=aHh

K HH SPSS 16.0 Geit 3R X B s -1 148124 4
Br, BRI AR (JEF ) R, iR Bck
BRI E; THERH A % (%) FoR, FEA
R HECR A ¢ K, 44743 M i FH Kaplan-Meier
A log-rank #6556, P<0.05 A2 55H Giit=#73 L,

2 R

2.1 AML 2JLB—ag &R
58 il AML & L, 536 i (62%) , %«
22 % (38% ) , Ti4ERy 8 % (1~13 %) o i
W2 BN 17.3 x 10°/L (0.8~504.8 x 10°/L) ,
W2 MLLE R 85 g/l (43~134 ¢/L) , WL
W2 I/ IMRECH 44 x 10°/L (9~228 x 10°/L) o,
2.2 MS-MLPA ZfTHENLKRNZE R
FEAE R L E & IR EH Y R R B e fk, 18

AML L, 157 bp #5427 bp #R4HF1 171 bp
PREF AR AN 2] H 364k 5 Al 2] CDKN2A 3P4 A
FeALAL T 136 bp BREFAN 237 bp #84F;  CDKN2B 3
[ AL K 130 bp #4210 bp #%F . 220 bp
REFFN 417 bp 154t .
221 WHAAH FHIRA M 4R 5 s RAFAE, TR
W% R FE44 0] (76% ) AML & JL AR £
/LA BER AL, 37 6 (64% ) AML L
ARG 381 22 /0 2 ANERER B Ak AR B — R
BY BRI A5 5 4 S AR FH AL 2 A B A . SR
EIIE S IR i e i YN A =Y
136 bp HEFH He AL 4 LAY I 2T 8 FH /K [123.5 ¢/L
(113~134 o/L)] i TAR A RALAL [84 o/1.( 43~127 ¢/1)]

(P=0.026) , 130 bp ¥R+ H BLALZH LAY IfiL /M
IKF- 38 x 10°/L (9~160 x 10°/L) 1% T-HE H 34k 41
[75 x 10°/L (30~228 ) x 10°/L] (P=0.029) , 417 bp
PRET H Bk A LY 55 1 Lol s Tl B Ak 4

(P=0.003) . A[A] FAB 737 AML £ LA-45% H 3%
E DGR ILER 2, HAT 130 bp -5 TEA[F] FAB
SRR L AR LA BA Y 22 5 ( P=0.034 ) .
SGE AR P L LA RN H L fE 419 EFS. DFS #1 0S
RZRZEFIHTGEEE X, SR 220 bp FREFHI AL
FEAHI) DFS Fl EFS A HAE 3L A1 A PR
SREAR IS 5 BB WAL PR 5 B Z [ JCHA e A A
Kotk L EAL RS B0 H 5 H EFS, DFS &
0S 2 [a] TR W AH G
222 CDKN2A #= CDKN2B A& ¥R S
AML # FAB 5B Z [ #9 % 2 AML &L+,
CDKN2A 1) H 54k 24X 5%, 1fii CDKN2B # H
FALBO N E I, SREH EALEN 76%. AML-M3
1 AML-M4 ) CDKN2B H 3 1k & /£ K R 100% .
Bt 17 45 o 3 451 AML-M3 #2 L3 Jo s 2 47 7 il
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AML-M4 LA, 4 > Mdeo( CBFB/MYHI11 [HME: ),

1 Blis6Yy, 30K %

223 RARAVTAALEmBEAFERZ AN LR
46 171 8 LA T A BLIs AL 22 A, 1 oK U o3

6o FiRRSCHR P R, AR A0 AL 2 45 5k 45

BRI R BUG R4 (n=27) , Hft(8; 21)

214, t(15; 17)3 4, inv16 ( CBFB/MYH11 ) 3 f4i;
TG A (n=11) FIFEARA (n=7) . LR
34 A SR AL, TS R4 EILEER
Bl 24 19 (89% ) , Filjm rhAF2H 8 L&A= H AL
T4 (64% ) , WA R4S LKA B A 5 1)
(71% ), =\ 2= R Tege 22 X (P=0.174)

xR 2 7F[FE FAB 48 AML 2J)L CDKN2A 5 CDKN2B EFFRENLLER [ (%) ]

CDKN2A CDKN2B
FAB 43#1 %k

136 bp 237 bp 130 bp 210 bp 220 bp 417 bp
M2 34 2(6) 0(0) 28(82) 11(32) 15(44) 21(62)
M3 3 0(0) 0(0) 3(100) 1(33) 0(0) 1(33)
M4 7 0(0) 0(0) 5(71) 3(43) 2(29) 5(71)
M5 14 0(0) 1(7) 6(43) 4(29) 4(29) 6(43)
5o 58 2(3) 12) 42(72) 19(33) 21(36) 33(57)

3 iFig e,

AML & —For R TR A Z T A
Sl AR LU 1 REL 200 i 5 A 17 5 | A ) 3 I R 5 A o
oo B AML BRE e s A 25 S0, Al
WAL AEIE R R, A A ) R 5 AR
M ERE B EUS M bR TR 2 A, R
WAL EAE R A TR ] T EEAER P S
D] ) HEY R Ak 7 3 U5t A% 27 A B 5 A A il 5 | e
F. S CCRXEL, B CpG &£ TN
SFIX, I H— e 4 21 Ry R e qp B
ARZS . X EEIE R Y 5 3h 1 X Y 3R Ab i & Bt
DR A STk, R i & b o R S PR LR A T
FEALH 2 — "2 Hod i B 5T 9 J& CDKN2B 2%
(P15/INK4B ) H15 © T AEJ LAY CDKN2A Jt
(L EREH AR, W 1, P16/INK4A; T
Al 4, PI4/ARF) ", A5 H MS-MLPA J5 7
X} 58 9112 JLE AML [ 9P21 X3k /¥y CDKN2A FI
CDKN2B F: R 47 AR, A& B CDKN2A 1Y
FH LA RAH 5%, 1] CDKN2B A4 Befb i M U,
i 76%.

Galm 45 " {75 D 3L 3616 5 0S Kw)
I AT G, AR Z,
TRATH AL 5012 RS . 4 A i
B o, HIFEHAT RS AR SEE k. ANEAE
BB SR K, B KA RS TIRA

HWFFEIN N, 2 50%~60% H) APL % Kk 1=
P15 Jash XA H 31k, FF BAERBA B As,0,
i, P15 sl FIX B RACA TS A R AR 1
MAT % APL BE N As,0, BT 205, P15 H3E4L
SR TUE " AT APL B E T, P1S H
FALR R 100%, 5 A HRIE SCERIF A 78 42—
A RES AR BRI Ty i | AR SRR AR BN R
[Fmf, AR 3 4 P15 B Ak LK JC
AT, ATRESRHSA As,0, IAIT T EA 5,
FRLEY, Markus 28 " 8F9E 4, inv (16) 19 P15
S4B ALK R 4.6% (29%~11% ) , A% FAR
5T AML-M4 & JLH P15 I 3E4ER (100% ) ,
IRFTRE SR R AREIN i . AR 2200 % o

Cechova 25 "1, i J11 T MS-MLPA J5 32 £ ]
oP21 Xk IR IE &L, Forb 13 s A AML 1)
P15 By B EEALE N 100%, P14 3L HR K 62%,
P16 H AL FH 46%, [ P T 3 45 U BIE 5T K
N AML, P16 5:[H H AL ER 39%, A5,
P15 AL R 5 ) A AH L, 15 P14 F1 P16 () H
FALR N B BAL TR, HR AT B 5T FEAS
AR 22 5 G, AR RM, 78 AML h 77
IDH1/2. DNMT3A . TET2 43 R f4 5 Bl 58 4%,
XL RS R RS 5 T R L22iE8,
e R J o i T A8 U 1 1A 1T BB R R 1 LG
TR 1, SR, AT, JLEE AML
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IDH1/2, DNMT3A ., TET2 {9548 R A, 5N
a2 B2 IR, JL#E AML A &% ]
REFEELAALE . JET N 5 LEEA MR P15
b & B, [FRF, 78 MDS 1, P15 AL
K R P Uk e ) AML i B 3 12
DRI R A THEI - 38 2k %k P15 FR KL AR RH OC A 368 % 1F
TTAFE T e AL 5 N AML B[] AL ] o

AT JE A, DNA H AL 7E AML 1) & 9% g
) —EMIVER, 1 DNA A9 B S b B mT 30 g,
DNA H A0 B 2 H i A v DG B i — 346
B SCHRFE I, DNA B AL RS B 57 72 AML
AT HOR 2 A A Y s R AR 5T R Y
a9 v o HZ R 25, teAh, R4 EIL
ANTR] FAB 43 BUZH ] () AR AS 5 6 25 53K, T M3
RIZAAN 3 ), H BRFEA R/, FTREXT 25 A
— N, T B R AR A T IR A
5% MnsEJLEE AML Ho 3 R HT 34k i LAl RN I PR
T A2 FRAT T3S B Jrnl o
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