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[FE] HM ST 852 A (nucleophosmin, NPM) 5485 PR XF /N B NTH3T3 W4T 2 200 3 22 (A 1386 5 FD 8 12 1Y)
S LSO ik Sl IR B A S SR B SRR A pEGFP-C1-NPMc ™ %% 4% NTH3T3 411, G418 i ik £ i Kk
NPM 2875 2 H 41 stk , RT-PCR Il Western blot Kl NPM 2875 JE PR K (1 B 1k o MTT | 5 [ A S B AG 1) 201 it {4k 411 3
877 3 FCM AS: 40 6 ) 3 43 A B JR T /K (e, i 2 %ot ) B 428 U p21 P T AHE 5 F Caspase-3 {if MK, 9125
RIS} NPM 2878 2 5 A0 MG T A9 20 THLH . G55 #isr TR Fak NPM 5878 LA iy NIH3T3 4 ffikk, NPM-mA S236
20 AN 0T B 2H 4 0 SR BE 0 ST AR e RETE AR B G 15 (P < 0. 05 ) 5 F 27 4E R AR VSR N 92 46 s 4 2H 40 S 7 WY BT
AR LA BRIE LTS ; 50 IR b, NPM-mA SC3G 2 20 i G, 140 A L A5i] (42. 27 0. 86) % i Z IR (P <0.01) ,S Hj
AAE LG (43.08 £0.74) % W EHEM (P <0.01) , R p21 mRNA K- T B, 5202 3835 NPM 2848 5L 1R ) NIH3T3 41 g
JAT-2(1.00 £0.13) % B @ FEAIL (P <0.01) , Caspase-3 75 4(0.784 0.080) TF(P <0.01), &5 NPM 848 3L K A] fi
iE NIH3T3 40 AR S50 , 0 AR T & A
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Nucleophosmin mutation promotes cell proliferation and suppresses apoptosis in

NIH3T3 cells
Shao Huiyuan', Yang Zailin®, Gao Yujie', Miao Zongyu', Qin Fengxian', Chen Xianchun', Cai Xiaozhong', Zhang
Lingl ('Key Laboratory cf Laboratory Medical Diagnostics of Ministry of Education, Faculty of Laboratory Medicine , Chongqing Medical Uni-

versity, Chongqing, 400016; ’Centrer of Hematologic Diseases, Southwest Hospital, Third Military Medical University, Chongging,
400038, China)

[Abstract ] Objective To investigate the effects and molecule mechanisms of nucleophosmin ( NPM)
mutation gene on cell proliferation and apoptosis in mouse fibroblast NIH/3T3 cells. Methods Eukaryotic ex-
pression vector pEGFP-C1-NPMc * was transfected into NIH3T3 cells by Lipofectamine, and the positive clones
were screened by G418. Then the expression of NPM mutation gene and protein were analyzed by PCR and
Western blot analysis respectively. To observe the effect of NPM mutation on cell proliferation in vitro, MTT and
colony formation assays were used. To evaluate the mechanisms of cell proliferation induced by NPM mutations,
the cell cycle and apoptosis were detected by FCM, meanwhile, the cycle regulatory factor p21 was analyzed by
RT-PCR and the activity of Caspase-3 was detected. Results  NIH3T3 cells stably expressing NPM mutation
were established. The growth ability and the rate of plate colony formation of cells in experimental group were
significantly higher than the control groups (P <0.05). Methylcellulose colony formation assay showed that
cells of all groups could not form a colony in the cell culture media. Compared with control groups, the percent-
age of cells in the phase of G, was decreased remarkably (P <0.01) and that in the phase of S was increased
significantly (P <0.01), and the expression of p21 mRNA was reduced notably (P <0.05). The rate of apop-
tosis and the activity of Caspase-3 were decrease remarkably (P <0.01) in experimental group. Conclusion
NPM mutation gene in NIH3T3 cells can induce cell proliferation and inhibit apoptosis .

[Key words ] nucleophosmin; mutations; cell proliferation; cell cycle; apoptosis; NIH3T3 cells
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A~ B2 2 I ( nucleophosmin,, NPM ) & — i 21 38
MIAZ R B 1, A T A% A B0 IX, AT 2R AR T A% A AL T
5T 2 1], 75 22 Fh 20 B 2 ) 5 78 b A HEE . H 2005
AF Falini 28" 78 20 PE 85 40 18 1 10055 (acute myeloid
leukemia, AML) F g Y & B NPM 2848 LK, i 2 1F 5K
NPM 2875 = %% B N A% AU IE# 19 AML 3%, IbAh ik ]
BL A SER EAAE R B A M I
( chronic myelocytic leukemia , CML) %/E,ﬂ;ﬁm%jﬂl{@iﬂql
JeE o WG B NPM 58758 55 j 3 s A2 85 DD AR G , ot [ 1
AML K AML & % 835 NPM 5875 J R 7K - 45 22 fiig 3
A ST CML FR 3 — FLH B NPM 278 , 42
FNEE TR NV R B AML, S BUR S TS
e R NPM RASTE I R B 5 s & 2E R R
FUIHIOC, BLCIUES: NPM 58728 ] 5 3 ) i ARF' 45
TEIEH TG VE S8 c-mye S (R e S 2 ROy
XS 5P AML 1) &4 SR, NPM 58 45 B X 7E i
T AT APE A P AR I OE R e i W], DRt A 5
B 3E o A2 Y NPM 58 78 R IR, U 8 H X /N B
NIH3T3 ji £F 4 41 ff 355 78 A0 8 T /) 52 i, 9] 20 $80
NPM 5757 NIH3T3 4 it 5% Ak b i 43 AL .

1 57

1.1 ##

& BifA Lipofectamine™ 2000 It T-2% [ Invitrogen 4\ ], OPTI-
MEMI % 57 4 . G418 W F 22 [H Gibeo 2\ &), RNA 2 Bk 5] .
RT-PCR 77 & 519G i BRI PE N VIR BspE 1 (EcoR 1 41
F H 7 TaKaRa 22 &, /NPT A NPM H4t I T3 [E] Neomaker 23
AL, FPUNR 1gG FH R T P A2 & WA R, MTT, —
FHEE A Y 27 4 2 W T Sigma /A W], Annexin V-PE i 1=
M3 7] B Caspase-3 1 P 4 i 42X 7] & W T BioVision 24 7],
7-AAD Yefa % )T BioLegend /A T]

1.2 %37k

1.2.1 ik ey NPM-mA (4EMIMR 253k (pEGFPCL) |
A NPM A 7575 (NPM-mA ) [ 52 28 [k (pEGFPCL-NPM-mA )
H RS B 2 MR T 58 i Falini 250452 2004, NIH3T3
ILETYE 20 M E A AR, $ W T Ik 35 9% . L pEGFPCI -
NPM-mA §5 34 (NPM-mA 528021 ) pEGFPCI %534 4 (75 2 %4
RZ) \LipofectamineTM 2000 %% Yy 24 ( LipofectamineTM 2000 X} g
) o RIDBRFAKE 2 AL BOR A% e NIH3T3 i, #6448 h f5
LL GA18 (2 2l 450 pg/ml) i 6 P4 TR , SR P PR B
e BRATAR A A Y 1) B S A A L, A S 4 B A B ) R TR Y
B Z 5 KIGF A T2,

1.2.2  RT-PCR £l H () £ mRNA 7K 2 W A0 e 2
RNA, #4564 i cDNA, #1147 PCR 45l . NPM-mA 5| 4751 ;
U519 5'-TGGAGGTGGTAGCAAGGTTC-3', FiE514 5'-CT-
TCCTCCACTGCCAGACAGA-3' 4/ H4 H-ExJy 446 bp. N5 B-actin
F1WFS: 135514 5'-GCTGTCCCTGTATGCCTCT-3, R il 5 | 4
5'-GATGTCACGCACGATTTCC-3" , By 220 bp. PCR 34 414

g 94 CHiAEHE S min J5,94 °C 30 5,55 °C 30 5,70 C 50 s, {EH
35 YR, 72 CHEA 10 min, 44774 2 B NE WE I o vk ki
1.2.3  Western blot #:{0 H (3L HE KT BU15 wl(FEH
R 50 we) AN ELAR I 10% B4 55 I 4 B 7R AR, MBI
k3% PVDF B8 1 ,5% BRAE WK 4 CH IS8, 8E 5 Rt A
NPM B i (1: 100 AR ) FIZEHT RPTMAR(1:2 000 FikE) ii?
B 2 h, Wik IE Akt & ek T A
1.2.4  Z0AaiARsMEGE RE 5056
1.2.4.1 MTT 528 WSk Kanm, LLAL 1 x 10/
150 wl 3250 96 LR , BE4LE 5 A~ FL,5% €O, ,37 CHEE , H55+
%0.1.2.3 4 ROFAEFLIIMA MTT % 20 pl, 4k 228555 4 h, 57
BRI, BEFLANA 150 Wl —HH LT AR, %35 10 min, 76 B G
KA 490 nm Ab B 45 FL A G2 BEAEL [ D (490) 1o LARTIR] R
TR AR , FE2L D (490) 5B R AR bR i 40 i A 1 i £k .
1.2.4.2  H0AEF-HR od B B B S 40 WA % 5 A A A At
PLAEFL 300 AR 6 FLAR , BEdLi% 5 A~ FL,5% €O, 37 C
i35 14 d, H PP HR AT LAY sE R s 35 2 55 3R 1 ,0. 4% £ B T
[E 52 30 min, #5 A AF YL 4 30 min, BT FITEUE A TR AL
(KT 50 ANf Ry 1 AFERE) , e BB A FERETE R = (2
% %/300) x 100%
1.2.4.3 WY REFKIE LK Wi B %o B K 0 A
Ji, B AR R 35 mm (WARMRE SR, A 5 N E L. 4l
JLRE SRR R AL 0. 9% HI LA 4k 5 ,20% /N 1L, 1 x 1074~
Yiffl, 5% CO, 37 CHEFE 14 d, MELK A KV AH M
1.2.5 FCM Kz Znia 8o Am BT dlcdExd gk K am
L, PR H AR =1 x 10°4, B4 3 N EAE,70% s &
P [ 72 i 7, PL T e €8 30 min, FREC4TAR AL (FCM ) #6101 41 g
JAA AR . [FIRE DT iU AN i, B 5 3 A4, 0. 01 mol/L
PBS &, Annexin V-PE I 7-AAD WL 5 FCM #6545 41 41
1.2.6 RT-PCR ¥l p21 mRNA 323k PR g B RNA 3
SR AL cDNA, #E47 PCR #, p21 5197510 K. LWE514
5'-AGTAGTCCGTCGTCTGTTCG-3'; Fiii8|4 5’ -GAGTGCAAGA-
CAGCGACAAG-3' , #14 F- B4 310 bp, L) B-actin RN S, F Bk
K/NHA 220 bpo BB 7= 4 28 BUNEBEEE S e AR
1.2.7 Caspase-3 7 W £ Ab B2 (NPM-mA SZ562H |
2SR IR ZH \Lipofectaminem 2000 Xif HAZH ) Ko BT BR 20 ( K Ab
P NTH3T3 ) %P8 K40, VR 4 ok =1 x 10°, PBS ¥k 2 ¥k,
B 3 ANELS,IMA S0 pl Lysis Buffer F10.5 pl DTT, H oK AR
40 min, BUEE FIEW, IS0 wl 2 x Reaction Buffer £10.5 pl
DTT, B4 5 wl Caspase-3 JIK4),37 C #EEIFE 4 h, R
A 405 nm Lh 9 5G%E BEE [ D(405) 1,383 115 D(405) s/
1.3 “%its$ o

FTHEZRE % £5 32, SPSS 13. 0 Goi 17 I 225007 o

2 #R

2.1 #Zmpast NPM £ F LA Ff %G £k 0%

Sy 345 A HE P NPM-mA. 2 75 B 5 5 2 240 iy, RT-PCR 52
o SR b, SCIR A AT AR A LUK T A L NPM-mA 4545
ST /N (446 bp) —F, Lipofectamine™ 2000 % 18 26 K
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ST B Y AR A WIS . NS B-actin [ 457 (220 bp) {7
EIEH, ILE 1, Western blot £ Il # 25 (4 23k , 3288 W R FH &
XF A B NPMZR 1 e, 45 5 B R &5 4 A i 24 32 35 NPM
E(38 x 107, HAR X4 7 5 5 K /N5 HI A4S . NPM-mA
S L AN R Rk NPM B, HEE B A& KE 5 NS IR
B LA B 5 T Lipofectamine™ 2000 X H8 26 Jz 25 25 %) R 4H
(P<0.01), WK 2,

M

2 000 bp—

1 000 bp—
750 bp—

500 bp— «<NPM-mA 446 bp

250 bp— «—B-actin 220 bp

M:DNA 477 ( DL 2000) ;1 ; Lipofectamine™ 2000 x4 2 48 ;2 ; & # 3¢
B840 ;3 NPM-mA 523441
1 RT-PCR #1144k NPM-mA mRNA [ 5&i%x

1 2 3

1 ;LipafectamineTM 2000 *FREZH ;2. B AP B4 ;3 NPM-mA £ 3540
2 Western blot #& 40 NPM R EH KK IE

2.2 NPM-mA #t 32+ NTH3T3 2m JiL bk o038 78 64 % vh
2.2.1  MTT SZE0k: I 41 A 58 e WAL YLS 4 d 40 i
A AR I, 45 5 7R NPM-mA #5701 d J5 4 A 1 3 A
T, B 3 d sk e U B S 20 A A AR AP B BR T d
ZHb At ] s NPM-mA. S50 20 20 i ' 2 (i b 25 78 1 2 0
TR A (P <0.05) ;1fij Lipofectamine™ 2000 X F& 2H 15 25 2%
R 20 2 [E] 2 A K 22 S e i 2 (P >0. 05,181 3)

38x10*— «NPM

«—B-actin

42x10°—

# Lipofectamine™ 2000

4-
=]
3- 4 NPM-mA a a
B — s
a ==
S S 5
g - R e
S o '.‘.\_.\::i'- e
‘_.\_-:5-""
15_._...-"
0 | |
1 2 3 4

t/d
a: P<0.01,)5 Lipofectamine™ 2000 & 75 # #J 18 28 b £
B3 SAMMEIHE

2.2.2 KSR S T R B4 Y A S e R
TERLRE ST , PR S BT i SE 50 s 6 FLAR P M % 37 14 d 5 2
AASBLAE R B R PE A 4, NPM-mA 52 50 2H 48 i 32 B T2 2 Oy
(60.50 +8.07) % , Lipofectamine™ 2000 % K& 2H 123 7k %F & 21
SR (37.00 £2.70) % F1(37. 40 £3.30) % ,NPM-mA SZH 41
0 B S RE TR R I 22 T X BREH (P < 0. 05) ¢

R T a5 T A L PR A A BE T, 2 AR AR B TR S
U R A LA B AE AR 4 3 B BE AR 2 SR AR IR TRk,
NPM-mA SC5602H 40 A > ARG 3R 5 HAEAF (14.3 £1.6)d J5
FET=, 25 2O FRZH 435 97 (7.0 £0.8) d BET-, NPM-mA $%5%
{651 ST 0 2H 240 B A A D 21 [ A 35 7 2 b 7 0 s ) B K Sy X B 26
YHMIRY 2 5o
2.3 NPM-mA #: %%t NIH3T3 28 jeL B B it 269 %5 @

FCM 43 M4 53 @, NPM-mA 556 2 21 e G, 399 40 it b 3]
F7(42.27 £0.86) % , % Lipofectamine™ 2000 X} BE4H (54. 03 +
0.90) % 125 # %t 20 (51. 34 0. 41) % B M FFAL (P <
0.01) . [Ali}, NPM-mA 52864 S 1140 fd 45 (43. 08 £0.74) %
B 55 T Lipofectamine™ 2000 XJ H84H (27. 14 0. 40) % F12s #;
XFHRZH (34.01 £1.13)% (P <0.01) . #4220 G, 1120 i Lt 1]
KIGE 2257 (P>0.05)
2.4 RT-PCR 4 B #1842 B -F p21 mRNA &9 4k

S5 WoR , NPM-mA SCHG2H 20 B p21 FR3A/KF TR, Y
NS K LB % Lipofectamine™ 2000 it & 2H 125 25 % R 4 AH
2R ARGEI2HE (P <0.05), WLE 4,

M 1 2 3

2 000 bp—

1 000 bp—
750 bp—

500 bp—
—p21 310 bp

250 bp— —B-actin 220 bp
M:DNA #7/ ( DL 2000) ;1 ; Lipofectamine™ 2000 ¢ 8 48 ;2 ; % # *f
P23 NPM-mA 523020

4 RT-PCR #ill & A 208 p21 mRNA #)RiX
2.5 NPM-mA #: %% NIH3T3 28 e /8 = &9 % v
AnnexinV/7-AAD FUbR i G €4 J5 3 2 4H M43 i, 245 2

7, NPM-mA SEEGZH AN P -2 (1. 00 £0. 13) % , 575 Xt

MEZH (2. 15 £0. 13) % . Lipofectamine™ 2000 X B& 20 (1. 77 +

0.20) % WM T-FRW B FRE(P <0.01)

[ I G 25 ZH AN B Caspase-3 674, 45 52 7R , NPM-mA 31

U5 2H 2 Ffl Caspase-3 3% £ 2y (0.784 +0.080) 4% 25 # % B8 4H

(1.000 +0.083) . Lipofectamine™ 2000 X #&4H (1. 033 0. 067)

Bl FRE(P <0.01),

3 it

NPM & —Fp i B A R, E T AR
A A ARG 5 45 T A AEE . NPM 5878 & AML
R R R R e ) — 28 SR R AR . H R IE S
NPM J [ AR AR 55 Ff, Horp g i DLAY J& mutation A
(295 70% ) , RIZEEF A 780 NPM 36K i 40 - 12 B4
R ¥4 I 55 956 ~ 959 {if I {fi A TCTG, H:Ath £ % NPM
FERRAFWIRESN G T 12 BRI E EAR AR Y
AR, AW %, NPM 2848 5 1 (i 19 K 2R
KIREYIM S  NPM RAS K- m R e m B B &
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MEVA , AT A ARG o 2 3% B AL B — B 20 A
Pyt NPM A8 L N e dE T HZ i A5 5, 83
NPM 2 (RS0 25 40 g 5, 2= NPM 58 28 S0 1 5 1 3%
fifit" . NPMe ™ B a i H b A1 4 A% 4 P9 1 40 98 2
F Al — 3% A AR RS 0, 80 Arf 25 1 BFa e MR
6, T R 20 B i i 10 7 . FRATT7ERT I WL % NPM
G NoF 1 LS 200 0 A K5 i B Ay 11— bR )
NPM 2875 LR A% NIH3T3 Zf s o A 7~ (1) fE i
i LLBIR NPM 28287 NS 554k TR B VEF o

ARSI I HE ST T R ek A NPM 58748 25 14 Y
NIH3T3 4Hftk , 3 13 1% 57 LipofectamineTMZOOO X iR
A, AU BRSZ I A R TR A R BB A& O AR AN, A
T 1 S0 6 65 S 1) oA A R P SR . MITT S 6 1S
MR 7 B TE B S 56 UE S NPM-mA % YL AT fi 3 NIH3T3 4
I 4 154 5 FE 7 RN 4 53k PR 200 it 1Y) 7 B B L E 7,
NPM 2875 fE fig 42 i NIH3T3 40 (il ik oh A Ko x5
2007 4F Cheng %' 75 BF 58 /N BUWE 5 180 45 4 40 i
(MEFs) i}, & B0 NPM 28745 36 [ B A IR 7 E1A A
EEyen] ik MEFs (RSN B 5E (2516 —3, RN %
B NPM-mA 56l e i E N G 3] S 1k e
SRS IR E R F p21 mRNA Rk KT R p2l &
FLA T BRI R 3 P G 40 i R B I B e, B AR
14 o G/S WI/EH ., Bk, NPM-mA %% 4 J5
p21 N FTREARER T 40N G, A1) S HASE R A BH 7,
& FF 20 B J5 00 oF R oE Ak, NPMJE (A 58 A% 4100 4l
NIH3T3 20 il 8 12, £ 47 Caspase-3 1 P b 2 F K.
Caspase-3 J&—Fh - P & R . K & & R Fr 7 E A, =
ST AP AT I RR B A S A A0 R T A Lok
PRI FIBE T Z 7/ Fas i 4% Fp ¥ 00 2 56 8 Mk A .
$E/R NPM-mA F£ QM A I8 T- 5 Caspase-3 1§
R4 G, {2 NPM-mA i fa] Bl 42 R HEPT IR T Ve iE
BRETIE—0F5E . EAh, ASLEG 25 5 s , NPM-mA
FEYLIEANREAL M BE 2R K A NIH3T3 40 i 782 A -
B &MY AR o 1 B ARSETE I i) 2220 m] s e e
N P A AR R, S O MR SR A G
(Rl NPM-mA YR AN REA S NIH3T3 g H A7 4 %5
AN 1 AR R AR, B B — 1) NPML L R 2828 18 R
SRR 3R NTH3T3 40 o A Ak, 5l
Shing 21 7E#EE R/IN U PI BT NPM 28 725 (19 BUH
VEFH, &5 3 % B 8 — NPM 2848 JF AN REAE /N KU Il s
() & NPM 5845 fifi p53 23 1) [R] B iR 75 5 3k i e 1k
[5G 5 1 sPRDMI6 Blp [F] A4 AT 75 5/ B AML 19 &
A X R T ARG B B — NPM HE[R 578 1 AN
JE VS AN MR A 2518

Mz ARRFSE B T ONPM g8 A5 Bt B BE 5 42
NIH3T3 i g AR &N G A il 4n B R 1=, i AN RE S (i 4

IR AN A 4 . NPM R 8 A8 B T 2 5 4%
AR IR SN FE 2 A1, O 20 e AL BE ) A MR A Y
SO L RAE S IR A A 45 R LA A 15 Tt —20
MRS AN, B Or B4 P 9 NPM 2R AE B 1 o
i B B AR R NPM el 9 P AR I 2 1 2
RERZS G MR A, WA IR ADIFE R TT il

SE Lk
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