FH 40 24027 244 Chinese Journal of Cell Biology 2011, 33(6): 645—650

NPM 13 L% EFBEMMPs 2 514z B % 40 i

= A
RIMZRZE

Aok BEE BERAM MBELE E F KEHE K A
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HE A= 52% & A B (nucleophosmin, NPM1) R % 2 B &7 &4 & & )/ (AML) P R &
ERGUAR AL, G hme) KL AELRTEY LIEEFTZGREER, ARITNPMIR Z 557
158 fo R BESNE 8 09 T AL, 4 £ AT A pEGFPC1-NPM1-mA%% 2 THP- 140 /ie % | h ik A8 2 KA
NPMI1 R £ & & 49 @ & 20 Je R (THP-1-mA).,  #) /] RT-PCRA Western blot5#7 7 THP-1-mA 2 fie &5
FR I MMP-2. MMP-9. TIMP-1. TIMP-2kRANKFW 25, 4 RE T, AR SHIZEETD
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KFBA T 5, 12RO FAKFHAREAK, FIA, 52 &RKE L F R A 2240 4m A8 L6, THP-
1-mAZ8 28 R TIMP-2 8 mRNAK P A2 B & /K -F KA B E K, £ 7 B4 %it 3 F L TIMP-1 R A K
FRAR K., R FMMP-2A 34| ) TIMP-2AENPMI R 5 4 5 if 45 04 & o 5% om a8 b2 38 o =T
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B4, NPMIRA i 5 BINPMIES A7 JE 1 0 Jit
NPM I (cytoplasmic NPM1, NPMc )M, Ifi K %k} i,
NPM 1573895 by B B AT W R s e R P Rk 4
LA AL AML P, HNPMIFEAZ [ H L5
R PR AT A0 L A0 P R N B B R
R 20 i B A8 v 5 1 s R AR R AER, $R-7RNPM
FRAFRRES S T A ML 40 M il AM i L , H A
RN H RS AT R AL T8 i A il
(matrix metalloproteinases, MMPs)7E i 83 41 Bd (1) %52
TR L R b i E AR, H P MMP-2HIMMP-9
76 UM E AR O R SR Al B !
o R v I R A% 1Y B 1 195 40 I S SR e B 1A g
e A, AWFTOREEMMP-2 FIMMP-9 K A1 77

1L A4 2 11 SRR 98 AR; 41 12 2%; MMPs; TIMP

CENPM GRG0 41 h B s, A AR
MMPs/ENPMI 5875 (it 3E [ 11555 40 B AR 71332 31 % 7
H T EAE .

1 8 5H%
1.1 X5

FOREEIGRFI £ T-Omega 2 1), xfect™#4 JLix
#). RNAFREGRAF] . RT-PCRIAF|IH T ATaKaRa
AT, NERPUANPMI, MMP-2, MMP-9, TIMP-1,
TIMP-2 §1 5 [ 5K 136 [E Santa Cruz/a ], “E4H0/)
BUIgGEE AR T AL T P A2 S A F], 516
T Invitrogen’2y @), JG -3 . RPMI 164055 759
G41814F-32 [ Gibco 2 7]

1.2 Bohifngipe &

7 H AR(PEGFPC1). % ANPMI1-mAT 3% 1k Ji
Fi(pEGFPC1-NPM1-mA) i 7 Kk Fl|Falini 2 $% 2 44,
THP- 140 )t A v ERF= e it A B2 i 5T e 4a
L
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1.3 KW AHE
1.3.1 @l peds Fx B0 A4 2 45 e NPM1-mA#) 4a e,
#R (1) 20 o e )2 9 : THP-140 &5 10%01
AT . 755 22(100 U/ml). B4 25(100 U/ml)fH)
RPMI 164055 75, 137 °C, 5% CO. 5% 3241 h idk 47
U TE . K Hxfect™#: YL ik 51 K pEGFPC1-NPM1-mA
8 YeTHP-141 ffl, ¥ /. pEGFPC1-NPM1-mA#% 4¢ 41
(THP-1-mAZ%H). pEGFPC1#E Y40 o R AL PR 5 G
48 hJi7 LAGA18(ZIR [ 41400 pg/ml)Fii 126 B P 5 %7 d,
SR FH AT B T8 2 7 30 SR A5 A58 e % 1) . o o 4 i,
KK IR (2) RT-PCREGMINPMI-mAFmRNA /K-
PEILAN H A RNA, 14 5545 BlicDNA, #E1TPCRAS N .
NPMI-mA5| 9 7 4: - iE 51 9)5°-TGG AGG TGG
TAG CAA GGT TC-3"; F il 5145 -CTT CCT CCA
CTG CCA GAC AGA-3’, 184 1 Bt 41446 bp., N3
B-actin3 1) 75024 EiES1#)5°-GCT GTC CCT GTA
TGC CTC T-3°; F i 5] #)5°-GAT GTC ACG CAC
GAT TTC C-3°, J5 Bt K/INJ220 bp, PCR¥ 14444
94 °CHIAZES minJ&, 94 °C 30's, 55°C 30's, 70°C 50 s,
PR35, 72 °CIEAH10 min. 438 7™~ P 28 S IE A
LR FBIKR I . (3) Western bloths MlINPM 1-mA [ £

7K BX50 g i 2 R HGH, F10% 1173 B e 4
S5, WAL BIPVDFE |, 5%/ IR 9 k4 °C
B, S50 5 BT ANPMI L5 544 (1:200F
FOFEBUR TR (12 000FF) I &2 h, YEdsE H1L
OROGIHEAT B . (4) i AV INPMT-mA
R0 40 i e A7 W SETHP-1-mA K - %) HEZH 4
M, BROR A . 4%2 5 I [H] 7230 min, 0.3% Triton
X-1003%3%30 min, (11 M35 £ P15 min, BT
NPM 1 H 5 [ Hi A4 (1: 1004 )4 °Citet & i 7 1 1%,
AV FEAL B A3 °CHE A 15 min, i INS-P/AP
Y9 530 min, ABCE 130 min, /A K ZE 410 s
JE e, IE B BB TSR, MK AR
NPM1-mA BH 41 g .

1.3.2 RT-PCR WCEE AT ER A K 940 i, $% Trizol
U W 45 V52 40 L A RNA, DLAE 42 pgH T4 1
cDNA, #ff7TRT-PCRJ% J% ., PCRH™ 3 4% {1} Jy: 94 °C
PASYES minji, 94 °C 30 s, 65 °C 30 s (MMP-2). 54 °C
30 s (MMP-9).50 °C 30 s (TIMP-2).53 °C 30 s (TIMP-1),
70 °C 50 s, JEHR35V, 72 °CAEH 10 min, 31474
ST R VAT I . Sy 1 P A AR L

1.3.3  Western blot IS0 pedl Mo i A $EI0R, H

®1 HEERSFT

Tablel The sequence of PCR primers for each gene

B i 519(57-3") N5 1#(57-3") /N

Genes Forward primer (5°-3°) Reverse primer (5°-3) Amplified fragment(bp)
MMP-2 AGATCT TCT TCT TCAAGG ACC GGT T GGC TGG TCA GTG GCT TGG GGT A 225

MMP-9 CAC TGT CCA CCC CTC AGA GC GCC ACT TGT CGG CGA TAA GG 263

TIMP-1 TCA TCA GGG CCAAGT TCG TG GAAACT CCT CGC TGC GGT TGT 198

TIMP-2 AAG CGG TCA GTG AGA AGG AA TCT CAG GCC CTT TGAACATC 108

B-actin GGG AAA TCG TGC GTG ACA TCA GGA GGA GCA ATG ATC 385

12%[1) 53 3 1 43 125 £ 1 o, W 3 7% % FIIPVDFJEE I,
5% e Wk 2 3 2.5 h, P AMMP-2, MMP-
9, TIMP-1. TIMP-2#. 7% [ HTAAR(1:20055 F) 4 °CHig
B, FPURBUAR2 000F5FE)37 °CHEF2 h, YEk
Je Ak 2k AT W (0. K A Quantity One X}
Western blot &G E47 3#r. 1184 — Ik i a5 1
R 4% 5 IR 62 AR, R A B & AR & &
= H I 85 4O 38 A/ 2 2K 1A B-actin 515 (1)
Y, i AMMP-2. MMP-9, TIMP-1. TIMP-2
B LE - 4140 Mo SRk AR5

14 FitEaih
T %O X £s38 7%, SPSS 13.04: i1 # 4 4T
JT 25T o

2 R
2.1 ¥ENPMI-mAE %40k B9 2 3L

h % e H 1) HE INPMI-mAE 5 86 58 e 4 T
THP-1 {4 I 4 it &, RT-PCRSZ 5% 45 3 i 7, THP-
1-mAZ 41 B ¥4 38 7= 4 ik v 25 WANPM1-mAZ&As,
LTI KN (446 bp)—E, RANBEAL S 23 AR
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Aok
0.8
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NPM1-mA 0.4

B-actin 02 L

Relative expression of NPM1

©

Untreated group pEGFPC1 group THP-1-mA group

Bl FEFRIENPMI-mARIZABEKELEE

Untreated group pEGFPC1 group THP-1-mA group

A: RT-PCRESI [ M55 40 U NPM1-mA mRNAZE % . M: DNA marker DL2 000; 1: A AbFHZA 40 ; 2: 25 8% R4 Y40 40 ffd; 3: THP-1-mAZA 41 fd; B:
Western blotf: il 11 L5541 JUNPM 1 A5 (108 . 12 ARACIAANM; 2: B AR YL 40 ; 3: THP-1-mAZ1I4iii; **P<0.01, 5 pEGFPCIZLRIAR AL 31

SR AH LG C: 2 S8 £ 22 RS0 11 100975 46 i T NPMUT -mA 2 171 1) L 52 132 (APAAP% 1 000).
Fig.1 Establishing the THP-1-mA cells with stably expressed NPM1-mA protein

A: the expression of NPMI-mA mRNA in THP-1 cells. M: DNA marker DL2 000; 1: the untreated group; 2: the pEGFPCI group; 3: the THP-1-mA
group; B: the expression of NPM1 protein in THP-1 cells. 1: the untreated group; 2: the pEGFPC1 group; 3: the THP-1-mA group. **P<0.01, compared

with cells in pPEGFPC1 group and untreated group; C: the cytoplasmic localization of NPM1-mA protein in THP-1 cells detected by immunocytochem-

istry (APAAPx*1 000).
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1 2 3

0.8

*
0.4 I I I
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B-actin

MMP-2

Relative expression of MMP-2 protein

Untreated group ~ pEGFPCI group THP-1-mA group

E2 NPMI-mA%: Sk [E A % A EMMP-2H) R i%

A: NPMI-mA¥E RS AL A LMMP-2 mRNAZK L ; B: NPMI-mARE )5 M 4 IMMP-2 8t (A8 . 10 RARFRATAN ML 2: 7 B e e 21 4t

3: THP-1-mAZH 4 . *P<0.05, 5 pEGFPC14H FlIoR A 120 40 I AH Lt .
Fig.2 The expression of MMP-2 in THP-1 cells after NPM1-mA transfection

A: the expression of MMP-2 mRNA in THP-1 cells; B: the expression of MMP-2 protein in THP-1 cells. 1: the untreated group; 2: the pEGFPC1 group; 3:

the THP-1-mA group. *P<0.05, compared with cells in pEGFPC1 group and untreated group.
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TR ZH 35 R 18 L% 4 (B 1A) . Western blot Sz I 45 H
SR, K HE A E AL RINPMILER 110 B T 221
0 R IR HNPML 4 [, K/ 438 kDa, 1 Tl
WA TR 5 A AL RN 400 TR 4L
FHEL, THP-1-mAZH 4 ENPM 1 85 [ 304 2 W R 38 v,
75 B Gl L(P<0.01, E2B). [@]IF, )40
0 G T2 4K, 27 T VA IINPM L -mA 25 1 (1) 3740 JHd 5 7,
25 9L 1 R THP-1-mAZH 40 Jifd R IANPM 1 848 2 1, HL
BH A 285 R SR 2 (i, T A Ak 8 401 0 2 28k
of FEZH T 2 41 G IR % (B 1C) o
2.2 NPMI-mA%E 334 3 5% 40 FEMMP-23 3% 7K
S e 0EA

RT-PCR4} % it 7, THP-1-mA4H s MMP-2 mRNA
RIEACFI B m T el =5 A% X

(A) (B)

B-actin

MMP-9

Relative expression of MMP-9 protein
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(P<0.01, K2A). [F]R), Western blotfar il & I THP-1-
mAZ i 5 R IAMMP-24 [, 5 X i ZHMMP-24 [
FIEW 2= 5 B g 5 L(P<0.05, #2B).
2.3 NPMI-mA%E 33t 8 5% 40 BEMMP-93 i 7K
Ta9520m

RT-PCR%E . i 71k, THP-1-mA4H il MMP-9 mRNA
FIEAKTFI B m T il =5 R E X
(P<0.01, B3A). Western blot4h % % B, THP-1-mA
4141 fTUMMP-9 % [ 3K TE /K1 W AR T 25 3 i e
Y AR AL F 4(P<0.05, [53B).
2.4 NPM1-mA%:E:33 A w4 TIMP-1 . TIMP-2
mRNA Ri% 7K T B 22

F FIRT-PCR }2 Western blotf& il TIMP-1. TIMP-2
Kk K, 455 R L THP- 1-mAZH 41 fg TIMP-1 mRNA

MMP-9

B-actin

—_
F o
- ’

Untreated group pEGFPC1 group THP-1-mA group

E3 NPMI-mA%: 5 A IMFEZHEMMP-98) K&
A: NPM1-mA%E G J5 A 10199 40 FUMMP-9 mRNAZKIA; B: NPMI-mA%; Y Ja EB 41 IMMP-9 8 F K IA o 1 ACAbFRA 40 f; 20 5 2R % Y4 40 1

3: THP-1-mAZH 4 1. *P<0.05, 5 pEGFPC1ZH Fl oA Ak BEZH 40 I AH L

Fig.3 The expression of MMP-9 in THP-1 cells after NPM1-mA transfection
A: the expression of MMP-9 mRNA in THP-1 cells; B: the expression of MMP-9 protein in THP-1 cells. 1: the untreated group; 2: the pEGFPCI group; 3:

the THP-1-mA group. *P<0.05, compared with cells in pEGFPC1 group and untreated group.

S R IE KPR PO B2 G W 2 M 2 S (P>0.03,
KI4AF1E|4B). 8R1M, THP-1-mAZH 4 s TIMP-2 mRNA
S 2RI TR B o B2 40 0 Wl 2 PRI, 22 AL
G2 X(P<0.01, P<0.05, Kl4CHI1E4D).

3 iHie
NPM 1582252 F BT AML 5828 5 fz ey (¥ 6 A 24
A%, EAMLE B A R R A T I 754

AR VR B A TSI 5 R ILNPM 15 A2 ) 19 55 THP- 14
AR AT 22 e 1, $ERNPMIZEAE 2 5 T (1.
T3 A0 1 PR i AR D RE, (B HARAE HIHL A AT
TRE PR o TR A P R 2 i A 1 B i v
T S A% R K SR BE A T, MMIPSAE IR 7 rp
FEHEAE ] o AL, AT LLTHP- 140 ) /5 240 i,
B0 TR T MMPSEENPM TSR I 75 ¥ 19 155 4=
I
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(A) (B)

B-actin

TIMP-1

Relative expression of TIMP-1 protein

© (D

~

B-actin

TIMP-2

Relative expression of TIMP-2 protein

E4

A: NPMI-mA¥E e )5 A 195 4 L TIMP-1 mRNASIE; B: NPMI-mARE G 5 L0 40 R TIMP- 14 ([ IA K Co NPMI-mA%E G o 1 155 48

TIMP-2 mRNAZIkL; D: NPMI1-mA¥E R )5 M55 4 U TIMP-2 2 [ 405 Ko 1 RAC PRATAR ML, 20 20 B0 B Je 21 40 ML 30 THP-1-mA 4144 i«

#*P<0.05, 5 pEGFPC 121 R A AL HLL 41 JEAH L .
Fig.4 The levels of TIMP-1 and TIMP-2 in THP-1 cells after NPM1-mA transfection

A: the expression of 7IMP-1 mRNA in THP-1 cells; B: the expression of TIMP-1 protein in THP-1 cells; C: the expression of 7/MP-2 mRNA in THP-1

cells; D: the expression of TIMP-2 protein in THP-1 cells. 1: the untreated group; 2: the pEGFPC1 group; 3: the THP-1-mA group. *P<0.05, compared

with cells in pEGFPC1 group and untreated group.
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Nucleophosmin Gene Mutations Involved in Leukemic Cell Invasion
through MMPs

Hui-Yuan Shao, Zong-Yu Miao, Feng-Xian Qin, Xian-Chun Chen, Shi Tan, Hui-Juan Zhang, Ling Zhang*
(Key Laboratory of Medical Diagnostics, Ministry of Education, Faculty of Laboratory Medicine, Chongqing Medical University,
Chongqing 400016, China)

Abstract Nucleophosmin (NPM1) mutations have been recently identified as the most frequent genetic
alterations in acute myeloid leukemia and played an important role in leukemogenesis. To explore the possible
molecular mechanisms of NPMI mutations in leukemic cell invasion in vitro, the pEGFPC1-NPM1-mA plasmid
vector with NPM1 mutation A (NPM1-mA) was transfected into THP-1 cells, and the leukemic cells with stably
expressed NPM1-mA protein (THP-1-mA) were established. The expression of MMP-2, MMP-9, TIMP-1
and TIMP-2 was assayed by RT-PCR and Western blot. Compared with the control groups, there was a higher
expression of MMP-2 in THP-1-mA group, but a lower expression of MMP-9. At the same time, in THP-1-mA
group, the levels of TIMP-2 mRNA and protein were significantly decreased, while the expression of TIMP-1
mRNA and protein was similar to the cells in the control groups. So our findings suggest that MMP-2 and its
inhibitor TIMP-2 may play a key role in extramedullary infiltration of leukemic cells with NPMI mutations.

Key words leukemia; nucleophosmin; mutations; cell invasion; MMPs; TIMPs
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