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A= 1R & B 5 R 38 T XK 562 H I s 41 AR
Rt A:obA

B O KEE I OB

PR 95 4

BRM BEE KA

(FE PR R R 2 AL 560 B 22 e i ARG 6 2 W 2 07T S B A S 2, TR B j S0 &, FEK 400016)

WE 4B & G & B (nucleophosmin, NPMI)R 1 L1 4 % @ fo i 09 K A K& F K 4E
FEEZNR, ME5 G hmmabiliFme kAR T OB, ARITNPMIER £ T3t & f s ik
SN oAby Bt F 35 B NPMI AR R 3 (NPMI1-mA) 64 F 5 TR ¥ B ARpEGFPC1-NPM1-mA%% 3 & f
FRK5624m M0 %, #)32A4 Z £ ANPMI-mA & & 49 48 IR (K562 mA), F) if3% 5 27 A& BINPM14% 4 28
(K562 wt). = #H ARG J 20(K562 Cl)An R 4L 32 20 (KS562) 4 2t BB, A & 7% Bhih ik B2 L B5(PMA)A
S AL AL, B RS R IR I SR, AR, AR £ BT RO
BE o s g, AX IRy e ki 5 b R CDAl e k., 2R 2+, PMAAT2 his, 5t
LAAR b, K562 mAZH 40 it 64 5 oAb 5 BNL B2 m 5 BR 2 FEAK(P<0.05); B BF, CD41#9 kA % 3| 2
ZI7H)(P<0.01). RTFNPMIIR = 484 [ & ofn g% 40 0 2 KS62891R 9 1L,

KA

[ I s 325 1L 2R 00 0 P o M, i i 2 I
0 B S e B AR A L I I ) i e A L
FRIE . JTAESR ORI, AZ A5 R 85 11 2L ] (nucleophos-
min, NPM1)5 7% 2 VE & & A 1ML % (acute myeloid
leukemia, AML) & A= (R 4 G412 —1, w2 Fif
WS 5 U A0 M R TR B T R
HMZ R, R, NPMI5EAE 55 11 1L 55 40 i 1)
P B i A e . H ATIA A, To R AMNPMISE R
KA SR AR T LAY RAR(NPM I-mA)f 0y %5 D20
75%). NPMI-mAE A B A= BRANPM I 12 v %)) 1)
55956-9597 4 N TCTGPY A% 1 12 1M B i A 16 T &2
JE, AT ENPMI S8R H 1 R Cliig T B — N B A1 1Y)
59, SEEEE N T AP INPMI & H
AT, TE 1 i JiNPM 1 (cytoplasmic NPM1, NPMc"),
NPMc'J AML 5 5 R0 B IR IRAIE ST
IR, NPMc" [ 11995 40 1 5 A7 AURE 16 40 1 23 A= 4 2
FRAE, F ZEAFECD34LKIE . WG KT A4
i 53 Al TR TR) Y 3 e IR % T (HOX ) iy 38 4601, o
NPMI15E7 R BE2 5 T W45 11 100955 40 1) 234 BEL i o
ERLIEG, AR 74000 o i G A 8 RIANPM T ARG A
(NPMI1-mA)F] [ .95 40 fl £k (K562 mA), W %ENPMI
SEARRY 93 41 B8 3R A ) 5 e, LU INPM T
AR LG A A S R AR A

I35 ; NPM 15375 41 5:4k; K56241 il &

1 A5
1.1 K5

Lipofectamine™ 2000%% 4% i #. Opti-MEM %
= HL ) T 56 [E Invitrogen 2y ), 5|4 th 2& [ Invitrogen
2\ A, RNABE HG R TRIzol . RT-PCRIA 71 £ I
T H ATaKaRa/Zs w], RPMI 164035559 . G418t T-2&
[ Gibco 2y Fl, /Iy Bl HT ANPMI R b [ 450 44 ) T~ 5
Santa Cruz/s 7, % NH2A. X F 35 [F Cell Signaling
o], RPUAB-acting IFEPURIgG, hFEHTRIgG
SP A A ALAS M &I T AL AZ St AE R
AR A, B4 M3 0 T AR AR P i i A PR
A ], B APERRIC I BT A CDA AR K [7) Rk
FRE T A6 5 DY IR E DR AT BR 23 W), 5 52 Il ipe
I £, Mg (phorbol-12-myristate-13-acetate, PMA). Jitd ¢
JAZ 2 1 B BUR R G 0 T Beyotime 2w, T G-t i
5% (Wright-Giemsa) 44 ¥ W T~ 1 1t LS AR W RHE K e
A BR 2w, Pro-light HRPAK, 2% & A il k571 &0 )8 T
£ [FE Millipore 23 7
1.2 BRI 4R &

FHAR(PEGFP-CI). ANPMI1 AT G4 T4 i

Wk 1393 2012-05-04 %52 HW1: 2012-05-31
TR RIZE AR5 4 1) (No.2010BB5363) % )35 H
*E AL . Tel: 023-68485223, E-mail: lingzhang@cqmu.edu.cn
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Fi(pEGFPC1-NPM1-mA) }e A\NPM1HF 4= 8 2 i fir
(pPEGFPC1-NPM1-wt)$4) tH 5 K F|Perugia X 2#Falini
BT MG o N R 4 R 1 i A i RKS620 |
o RF e B ar BEARE ST AE AL S A e A
YA M, PR AR B AR AE

1.3 K AHE

131 MEABZ KANPMI-mAKKSG22mfittk K562
419 FH A5 10%16 24 1375 (I RPMI 164085 78 15 7% T
5% CO,. 37 °CHE B 7246 1, HOM B A K )
AT T 5 22528 . HKS6240 i Fh T 120,
£EFL4x10°4N, 1 000 r/miniZ Ly, K H]Lipofectamineg™
200044 B kL e G NKS6241 Jifd, ¢ 37.pEGF-
PC1-NPM1-mA%% Y #1(K562 mA), pEGFPC1-NPMI-
wiiE JL Y (K562 wt), 3 A pEGFP-C1#% 4L 2 (K562
C1) S RALPRAH(KS562). #5448 hjii LLG418(& Ik J&
41600 mg/L)Jiiidk BHE v b7 d, SR A B AR L0 i
SRAFREE S YV B e B A, B K 7%

S RNA, [ 8554 ieDNA, #E47PCRE . LA
B-actin }j N 2>, RT-PCRYE 73 i) A5 ) #5241 40 it o AR
NPMI(NPMI1-mA)¥) 32k . i ¥5GenBank I & Aii 1)
NPMI-mAK: F 551 (No.AY 740634) ¥ V145 4 14
S1W(F 1), NPMI-mASE AL w78 51 W) 17 51 v (9 4
LU N RIZ R R . PCRIV A4 94 °CTAE P
5 min; 94 °CA54:30 s, 56 °CiE k30 s, 72 °CZE{HI50 s,
TEFR350K; 72 °C o 43 LEAH110 min. PCRY™ 34 ;4 ik
AT AL TRAST DN, R FH B R V18 03 BT R e EA T 23 o
1.3.3 Western blot B B A KA e,
15454, 40 B HCAn M i i % A% 2 11, Bradford
PRI A ORI . IS0 pgdl R B AR BGR, T 12%
(190 25 e 2 B R, JEO TR RO SR
FIPVDFJE I, 5% iR 4k = 3 3 415 h, 5 BT
NPM L5 BEHTAR(1:200%78) 4 °CiE &S, 55—
PUOHAR L AL VDB BRI 16 2E P TG, 1:1 00077 %)
ST F 1.5 h, TBSTUEE i b2 R eidiaT B .

132 RT-PCR e £ - 21 41 Jifd, TRIzolfih $/2 46 AB-actin XH2A X35 4 K S AU AN S
®1 YIBERSIYFT
Table 1 The sequence of PCR primers for each gene
FEPH LS 1(5-3") NS 1(5-37) PCR“ 4K ¥ (bp)
Genes Forward primers(5'-3") Reverse primers(5'-3") Amplified fragments(bp)
NPM1-mA TGG AGG TGG TAG CAA GGT TC CTT CCT CCA CTG C_CA GAC AGA 446
p-actin TAG TTG CGT TAC ACC CTT TCT TG TGC TGT CAC CTT CAC CGT TC 156

K- HQuantity One# 44X} Western blot 2717 #E4 T 70 #7 .

134 NPMI-mAZE@®Lmiegts (D)5
P2k AR AL 40, 0.01 mol/L PBSYEI3R,
DR . 4%% 5B H [ 52 30 min, 0.3% Triton X-100
23%30 min, (L =F M3 B 115 min, ] P51 ANPMI
FyE BERUR(L: 10086 ¢) 4 °CHF F il i, W= —
Pr T AEW37 °CHEH 15 min, % INS-P/APZE LG &
30 min, ABC ! {6,30 min, #3 A 26 L4610 s) i
Ve, WAEE FEE, R AL e 0k B A
NPM1-mARH P4 i (2)5¢ A5 M 4EK562 mA4]
FIK562 weH 40 i v 4 (.58t [ GFP IR E A7 15 D

135 Wright-Giemsaft IR amfiegm e s e
££50 nmol/L PMAXKLEE72 hii i 11541 41 g, 0.01 mol/L
PBSYEER2IK, ¥ I AR T4, Wright-Giemsa4t
5 min, XZKEDE, Sl 6, TG0 BaEs
MR ML FEIRIR 502004 41 B, 40 M0 T2 35

R A% Gy W B 2 R IR A A i R oA A,
HE TR, AR F 2 MER%)=(E /14
Hu£5/200)x100%, HbA #2140 M 755 A3 1 s
13.6 B EALSMENR @GN EL  HE
AH 7 W P B W %% A4 2 4 M /E.50 nmol/L PMAKL #
72 i fa I EEE B AN BN BE B, 2 BRETR L
T EE N2 R i i, B 462 min, B5ClSCEE AN, T
H% 21 N RE (1 2
137 AX U MCD4ltg £ IEES0 nmol/L
PMAKEET72 Wiy 5 (1) 45 2. 40 i, (1 10°~2x 10°)/mL
FAZ R, TV 10.01 mol/L PBS(7570.2% 1) 2} I i
2R FIBSA)ESR2Y, 1 000 t/min, 25,005 min, 5 PER
T RPN CDA141 444 °CIis £55 7530 min, 0.01 mol/L
PBSYE2 U 48 it X 41 M A TG o
1.4 FitFAbE

I FISPSS 13.048 vt 7 S AR EAT 45 o3 Ao S
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BRI -

50 25 JL 1 U B B4 DA B bR o 22 (k) Ko, Eds
Z BRI R Ry 2250 e BAP<0.05°4 % 7
gl E L.

2 %R
2.1 FAERIENPM1-mA B 7% 4 AE#K (K562 mA)
B2

2.1.1 #Z KENPMI-mAX R R & & RT-PCR

9 &2 4l v (NPMI-mARE R, #EK562 mAZH
Hn] WNPMI-mA% i, K/ 29446 bp, 5 i 1] ™
MRN8 RAFRA . 253 AREE Je o] Jr B A 70
NPM L e 565 I 21 34 oK IR i 45 77 (Bl 1A) . West-
ern blot4h e B ox, 54 AH L, K562 mAZH 41 iy
L RNPML A [ 202 8 B S 39, (W) P A 40 A
BNPMIEE E IR, 225 R g0t 27 s L(P<0.05,
K 1B).

A: RT-PCREY I %20 41 UNPM I-mA mRNA[{1 363445 5; M: DNA marker DL2 000; 1: oAb 2120 41 i1 (K562); 2: 7% %% 757 YL 20 41 i (K 562 C1); 3:
NPM 1A 20 40 i (K562 wt); 4: NPM1ZSARA 40 (K562 mA); B: Western blotha il #-2H 41 Jifa i 3% A2 o k% - NPM 1 ZE [ i) 55, B-actin JZH2A X %)

WM MR E AR LRSS C R N .

A: the expression of NPM1-mA mRNA was detected by RT-PCR; M: DNA marker DL2 000; 1: K562; 2: K562 C1; 3: K562 wt; 4: K562 mA; B: the
expression of NPM1-mA protein in the cytoplasm of K562 mA. Expression levels of B-actin and H2A.X served as the loading controls for the cytosolic

and nuclear extracts, respectively; C: cytosolic; N: nuclear.

El FHEKS2AMETHNPMI-mARRFIERMRIE
Fig.1 The mRNA and protein expression of NPM1-mA in different groups of K562 cells

A 2 S5 A S AN 5 A A0S NP M L-mA SR 11 1K) 40 L5 52 7 (100); B: 50tk T B M Z¥NPM L -wit 28 19 JNPML-mA 17 (19 30 240 i 2 4025 20

(400%); FL: %¢%; WL: 1156,

A: the cytoplasmic localization of NPM1-mA protein was detected by immunocytochemistry(100x); B: the sub-cellular localization of NPM1-wt and
NPM1-mA proteins was observed by fluorescence microscopy(400x); FL: fluorescent light; WL: white light.

B2 &EKS6240HFNPM1-mAZE [ AT A E (L
Fig.2 The sub-cellular localization of NPM1-mA protein in different groups of K562 cells
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2.12 NPMI-mAZ @ 44 I 2m it 2 4 2 1 s
1025 KL IINPM1-mA B [ 1) 0 40 i 5E 4, 45 3 o,
K562 mAZ 41 Jf i S5 b A7 70 R s 20 g0k, T — A
X FEZH A0 i 38 T M 3R A e L R (KBI2A) . i — b
T Tk 58 5 A FENPM1 58745 18 8 1 (NPM1-mA)
JNPMIES A= B8 £ FH (NPMIL-w)£E 40 i o 1) 5E 47 1
O, R IUNPMILEY A= 41 85 (1 3 2 A T 40 e k%, 1
NPM1-mA & A7 2 M 2% i (12B).

2.2 NPM1-mA ¥} 5 i 48 AR5 5 16 B 52 i
22.1 NPMI-mAXTKS624mfeH & 448 Wright-
Giemsa4 4 5 PMA S 3 57 )5 & 4 41 B & 1,
SE LRI, 4550 nmol/L PMA S S$:72 Wi, %2041 i

IRAN [FRE 52 1) A 4 B o3 AR A, B0 A 40 JH A4 R
BORL By Burh sy . o, K562 mA
ZH 40 i 53 AREIE ) 25 W AN 0 25 B (I3 A)
A, 50 ZHAH L, K562 mA4L 15 S 401k 20 i
FRAIR, 22 5 HAT GE v 278 L (P<0.05, £I3B).

2.2.2 NPMI-mA*FKS562 % itk B 5 04 % vh (2
50 nmol/L PMA 5 572 h)i5, % 21 41 Jifu I B 2% 44 1
Z, MBFFIH LI ERIE. Z10T8). HHLh 2,
K562 mAZH U BE 41 i T 2 5042 WY 30 AN n ok B 20 (&
4A). THEIEEZR I, K562 mAZ 40 A21%, B 5
T A =X AL, 22 57 R gt 24 & X (P<0.05,
K4B).

A: Wright-GiemsaZe (04 JIIPMA 572 hiflf i 2% AL ML A TE A 25022 B: PMAAE S & ALA0 M 75 900 AL AR A 03 *P<0.05, L 0l — 41 EE 45
A: PMA-induced megakaryocytic differentiation was detected by Wright-Giemsa staining for cytological changes; B: the changes in the percentage of

differentiated cells after PMA treatment; *P<0.05 compared with other three groups.
El3 NPMI1-mAHFPMAIESAIKS6240A0 5 L i T
Fig.3 NPMI1-mA suppresses the cytological changes of K562 cells induced by PMA treatment
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A: BB ZE WA SE50 nmol/L PMASE 72 hiiy 5 %21 PV B4t 0 P B 25 504 B PMAT 372 hs & 4140 L 1 e < +P<0.05, 55 JLAb =21

L

A: the morphological changes of adherent cells were examined by phase contrast microscopy after 50 nmol/L PMA treatment for 72 h; B: the percent-

age of adherent cells after PMA treatment; *P<0.05 compared with other three groups.
El4 NPMI1-mABEHPMAIE S A9KS6240 At 82
Fig.4 NPM1-mA inhibites the PMA-induced adhesion of K562 cells

2.2.3 NPMI-mAXFKS624a it b3t /R CD41 & X 8
A 241 SR I PMA 5 5 5T 5 %% 4140 g
HCDALERIATE O, 45 TR, 450 nmol/L PMAF
F72 hj5, K562 mAZ £ (i 73 A B I CDA1RH 1 41 i
M 3 LA 11.70%, B AR T Hofth =41, 255 B4t
1A R X (P<0.01, K5),

3 it

NPMI1%: R 582 0] B ]2 1/3 10 i NAML R 09,
J& H ATAML A R A2 4505 S v 1 5 DR S o 2%, 56 1
11975 40 P PR S B A AT S L s A . AR
YR IARIE ST R B, NPM 15325 m] 4] A 1995 40 1 fr 97
T, PR ST S kM 280, SR, NPMISEAR AT

1 1L 995 40 L 53 B e o 0 4 P R R e 4 e ] RO,
AHIFFUAE F SR 2k — AR T NPMISRAE X
I35 40 AR AR I3 A BE T R R Wi

AT AR I, NPMISEAR 3 % 88 ) FA 30 ) A
AN, AR — A EEREG KRS 5 O
RAERE . AFUERR R HEA 2 Wik S50
1t BE 77 )CML(chronic myelocytic leukemia)/2 2% 31
I s RKS624F 4y i FURL AL, 412 2R R AENPM I
1 005 40 B A o A I B o R 3 T AR ek
NPMI1-mA 1) L5 40 Sk, 7] I e 37 B 4= RNPMI
YL (K562 wi) A 0t R, AT 6] P ) i 2 5 A%
RINPMIXT L 730 A )52 . BT H iy bk
A ENPMI S AR 8 ) 5 e B AR 6, s e
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o

PMAE T i Ji 45 A AN I CDAT I RIEF O . **P<0.01, Ly JiAh — 41 L

The expression of specific surface marker CD41 was detected by flow cytometry after PMA treatment. **P<0.01 compared with other three groups.
&5 NPMI1-mA#J#HIKS56240CD41 8 %Rk
Fig.5 NPMI1-mA inhibits the expression of CD41 on K562 cells

HH R FH AT CENPMU Nty (14038 FH RS04, 43 G I g S
K MRz HINPMIL A 138148 . Western blot4f
R, K562 mAZ fiig 5 HNPMI(H] 58 42 [FNPMI)
HARIAHENZ, FEIRNPMI-mARI) G R
FKiIETHE . HPNPMIUE A FREN, 75K
THRAZ &, gii e, BRI, 7R =0 B2
Frh i Er DB NPMIE (I Ek . IbAh, FATIHE S
BRI, 5 = AR R ATAR TG, K562 mAZ i+ 41 i
NPMIE [ (1418 5 A BT FRAIC, X ] R i T 58
A [FINPM 1S [ g5 B AE RUNPMITE W 3R 4K, A
0K B A2 RUNPM LAyt 40 A%, A3 5 47 1 a2 2,
I G — 47K, K562 mA 4 i K IANPM 1 5848
o dE— 20 i o AU E SENPML-mA ) 55 i

N JeAL, TS50 B H B3R A /A& pEGFPCI -
NPM1-mA }; pEGFPC1-NPMI-wt ] fill & % i5EGFP-
NPM1-mA };, EGFP-NPM 1-wt (411 n] DL #2238
WS 43 0 2GR AV B K F R 58 AXNPMIL A [ 5 Y
AETINPMI AR AN [ F 0 40 it 5 A2 195 00, 465 R B,
NPMI1-wt 56 A7 T 40 i #%, IINPMI1-mAF A7 2]
K.

CLATPMA W] 75 S KS62.40 it n) k% 41 i 5 43 4L,
e BRI MAARIRE K. L. B
A% R AL DL RIS G IR PR 5 Bkt 2 A1,
EAZ 4 M 205 S M 2 bR iE I CDAL I a8 3 ™0
AT S5 45 5 R, LIPMAYE Aif 520 Ak 71 4 B
24 hiE, S 41N BT LR RE AR A, i i s D T
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ST

253, GRS AR HE AR T2 h, R ILKS562 mALL 41 f 4161
TEA ZER AW B 23, 55 4 3 U e 2
(1 38 AN AR 55 06T R 2 A et B 2 PR TR, 9
R 4n fu R TR CD41 K 3N, PMAKL B Ri 5 20 40 i
R ILCDAL; PMATE 72 i, % 4140 ¥ T 4 4%
IECDA1, K562 mAZL 1 CDA1RH 48 11 o 71 7>
EC 0 HEZH AR L] i b, BICD41IK 052 31 0 2%
L. DL b g5 S5 K BIPMATEK 562 mA4] 41 fiig
(155 T A BN 52 B, $E7RNPMI 5878 Be e B ik
FIHIPMAI T K S 6240 Jitd 7344, o381 4 1 HLiI
A e HNPMI1 S AR J5 1 s 1 448 1M 40 i 4346 IR HOX
SN K W ANHOXA9. HOXAI0 K B8 558 P 1 i
i REAE 57 1 (myeloid ecotropic leukemia integration
site-1, MeisI)H) 1A M, LeongZG 4 i AR 1)
FNPM1 & [ H#: 5 15 [ caspase-6/845 15, ¥
S M i il caspase-6/8 ) vE 4, dETBE L SUPERE R
1fiL 75 40 MU PRHLO0 ) 6 28 7 4t . B J5, Balusus5!'9H)f
FORI, THPNPMIH) RIS fe e i OCVAML3 (35
NPMIFEAZ I L5 40 SRR ) 1n) R0 2R 734k . DRI, 45
BAHEFEE R, NPM1FEAZAT [ ML956 40 i i A4 51 734k
SRR R T EE R, SR, RieA R T
I P R85 s AR B B 22 1) 1 100 4 P &R b hn DA I,
T HI P 3P LA R T3 T .
Zr B RTIR, AW FTUESE T NPMI5E75 et BH #if
P IL995 240 JH PRI AR A0 04k, S NPMT SR8 33 11 11995 1)
RAFRAL T A B AT, T —2 T/ERIRAR
T R NPMI 58 AR S 1 Y45 11 100993 400 16 70 4 BEL 7 1)
BARGFHLH . BEAb, B NPMISEAHE )5 540
a7 IR A Ja A3 — P ST 5 ) o
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Effect of Nucleophosmin (NPM1) Mutations on the Differentiation of
K562 Leukemic Cells

Tan Shi, Zhang Huijuan, Wang Juan, Chen Shana, Qin Fengxian, Chen Xianchun, Zhang Ling*

(Key Laboratory of Laboratory Medical Diagnostics, Ministry of Education, Faculty of Laboratory Medicine, Chongging Medical
University, Chongqing 400016, China)

Abstract Nucleophosmin (NPM1) mutations play important roles in the leukemogenesis, whereas the
relationship between NPM [ mutations and the differentiation block of leukemic cells have not yet been elucidated.
To explore the effect of NPMI mutations on the in vitro differentiation of leukemic cells, the plasmid pEGFPCI1-
NPMI-mA carrying NPM1 mutation A (NPM1-mA) was transfected into K562 cells, and the leukemic cells with
stably expressed NPM1-mA protein (K562 mA) were established. The K562 cells transfected with pEGFPC1-
NPM1-wt (K562 wt), pEGFP-CI (K562 C1) and the untreated cells (K562) were used as control. After induction
with phorbol-12-myristate-13-acetate (PMA), the morphological changes of cells were observed under light micro-
scope following Wright-Giemsa staining and the differentiation rate was estimated. Adherent cells were examined
by phase contrast light microscopy. The expressions of surface marker CD41 were analyzed by flow cytometry.
Compared with the control groups, the differentiation rates and the percentage of adherent cells in K562 mA group
decreased obviously after PMA treatment for 72 h (P<0.05). Meanwhile, the expression of CD41 was inhibited sig-
nificantly in K562 mA group (P<0.01). Our data indicate that NPM [ mutations block differentiation of K562 leuke-
mic cells in vitro.

Key words leukemia; NPM 1 mutations; cell differentiation; K562 cell line
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