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Abstract. Objective To study the role of the specific short hairpin RNA ( NS-shRNA) of nucleostemin
in inhibiting the expression of nucleostemin (NS) gene and evaluate the effect of NS-shRNA on differentiation
antigen and biological properties of HL-60 cells, so as to explore the relationship between the biological func-
tions of NS and acute leukemia, the potential perspective of NS gene therapy with RNA interference ( RNAi).
Methods HL-60 cells were directly transfected NS-shRNA by using special transfection reagent. After 48 h,
the inhibition rate of NS-shRNA to NS gene was detected by RT-PCR, the proliferation ability of HL-60 cells
was detected by MTT, the differentiation antigens were assayed by flow cytometry (FCM) , the morphologic pe-
culiarities such as cell shape, growth condition were observed, and the volume and granularity of HL-60 cells
were analyzed by blood cell analyzer. Results The expression of NS gene were significantly inhibited by both
two NS-shRNA, the inhibition rate were 37.82% and 71.88% , respectively. The significant inhibition effect of
NS-shRNA to the proliferation of HL-60 cells existed in a time-dependent and concentration-dependent manner,
and the best time was 48 h, the best concentration was 10 nmol/L. The change of differentiation antigen includ-
ed increase of CD11h, CD33, CD14, CD64, HLA-DR and decrease of CD38 | indicating continuous maturation
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of HL-60 cells to granulocytes and redifferentiation trend to monocytes.

The aggregation of cells declined and

the cell fragments increased. Myeloperoxidase ( MPO) and a-naphthol acetate esterase (@-NAE) activity in-

creased after NS-shRNA-2 transfection. Furthermore ,

some HL-60 cells changed from round to fusiform shape

even lo pseudopod. The cells of small volume and karyorrhexis increased. Conclusion  Through blocking the

expression of NS gene,

NS-shRNA can inhibit the cell proliferation and induce the differentiation of HIL-60

cells, weaken malignant degree of HL-60 cells and trigger cell apoptosis. NS-shRNA is of clinical potential in

gene therapy for acute leukemia.
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1.1 fmpadxsk

HL-60 AHHI7E 5 10% 4= M35 00 RPMI1640 B 35 i BT
Rige (CE R 100 U/ml, 895 45 100 wg/ml) | 2 it it
B 37 °C 1 5% CO, He i .

1.2 NS-shRNA #9i% 1+ 5 4%,

M. NCBI [#3i GenBank rhof 3¢t H AiDE 24 19 A NS S
EIFHIIAT 3 A8 R (NMO14366 , NM206825 , NM206826 )
cDNA $8H = # R IR FF] 1 833 A L4 (bp) o He B T
P RNACSIRNA) 40 BE IGO0, S0 53  5 At 45 73 ) 90 g, ST
[R50, B2 I 2 A~ 21 bp FEFIME R 45 08 shRNA f 0] 17
Fe 4 (s i Loop BR aaguucucn 9 -4 3 A ui i 2 %2 1
M UU”  shRNA JF51 42k 49 AR HE . o Saia & T7 53 8l
FIFH 1 (404 i NS-shRNA (1) 5 4b DNA #0455
SRR AUEE , 75 T7 RNA B A B/ T 94 i NS-shRNA-1 il
NS-shRNA-2 2 Jf , Sli fb i B Bl e fb k) s e

differentiation antigen ;

biological property; proliferation; differentia-

1.3 NS-shRNA #3 HL-60 & o 5% 2m

W JE X 502 0D 20 M, 3 e T R 4 x 10°/ A O i e 4]
(RIHIR2) A MHAL(CL FI C2) 5140 500 wl 1 24 LR, Feife
H15125 pl BRI 2 pl Code Break siRNA 55 ik il
] ( Promega %y w) ), R1, R2 43 5 i A NS-shRNA-1  NS-shRNA-
2, Hd e S 86 pE R FE ol 10 nmol/ 1L, C1 G % shRNA I3 4]
FE SR A X IR, G2 I PR AR A e UM s ot i,

1.4 NS-shRNA 2 NS-mRBNA F ik ¢4 #

TRIzol $EHLE RNA 2547 RT-PCR 9748 NS JE[A H B, 1 it
NS-mRNA #4045 00 . 214 1% 5'-AAAGCCATTCGGGTTG-
GAGT-3, Fllf:5'-ACCACAGCAGTTTGGCCAGCAC-3', =1 4y 418
bp. LA B-NLENEE 1 ( B-actin) FE A S 9 200, 514 L. 5"-TC-
CTGTGGCATCCACGAAACT-3', F i : 5'-GAAGCATTTGCGGTG-
GACGAT-3", 412 315 bp, M 2 Frpifit tlh 1 A% 808 Ji v i
P T I 2 2 G
1.5 NS-shRNA s HL-60 4 Jitr 58 74 64 %5 7@

VL] AR S0 i C M) Y IR A3 10 2 NS-shRNA 6] 44 ff
KA SR < B9L 200l 4 x 10°/ ul 40 HEHERP T 96 FLAR, BE4L
BE3 AL, B O 4 8 e [a] 1. 3 NS-shRNA ¢ it
AR 1.0.5.0,10.0.20.0 nmol/L, F 24 48 72 h A5 F: b5
TR O T BELIA 20 Wl MTT {500 77 K598 4 h, 85057
A i, BEAL L i DMSO ) 150 pd, iz 3% 10 min, 490

nm U BOEEE ([ D(490) |, Ml % = | L34l D(490) | - 2}
BALE[ D(490) ] | /%t IZH[ D(490) ] x 100%
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T A8 h R A T oG] 20 AN M () R T A
AEARAR DL R AN S T, U R 5 B -0 5 ( Wright-Giemsa ) 3
{6 BT x 1 .000) WEANNIE &1L
1.7 NS-shRNA %} HL-60 #n jf 54t 7 ik 69 7% v

B UL 48 b 1A A e 1 o MR 2] HL-60 £ 10, 980 200 10 e 155 Ay
10°/ml, 485 A CD7 .CD11L CDI13 ,CD14 CD33 ,CD34 ,CD38
CD64 .CD41, CDLI7, HLA-DR B o [ 208 Y b ik, S H ¥ &
30 min. LA CDAS FO0 5 7y RO CSSCO BT, i 40 A

(FCM ) {5 A1 R BT 28 G E |, 28 50 Ab RS H A I 2 (b B i
TR,
1.8 NS-shRNA 2t HL-60 492 MPO Ao o84 8% 25 Ag B
(a-NAK) 85 7% P v
IREGYe 72 h A e HL-60 20, 15500 18 45, A6 5 H 71
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HUFI Sysmex SF3000 %Y (i £ 43 87 {5000 5 240 1 (4 FEUR 40 A 4o 135
AR
1.10  %itF 44

G x 5 For, JH SPSS 10,0 8 F2EFT ¢ K5 X 4G
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2.1 NS-shRNA 24 NS-mRNA & ik &4 i 7 2 5

5L HL-60 411 48 h J5 RT-PCR, G0 15 £ 14065 43 st 4t .
WAL C1.C2 SINEZ 450k 0. 826 0. 809, kL4 R1 .R2
SN Z 2 AT 0,503 0. 207, FIF 4 A NS-shRNA T304
HEOH G, BELWT T ONS-mRNA ik, 00 28 4r ) ik 37. 82% Hil
71.88% , Ji:1 NS-shRNA- 2 i (% 1)

489~501 bp— +—NS
.{l;? EI};? +—B-actin
242bp—
190 bp—

147 bp—

1: DNA #%:t; 2; RI,NS-shRNA-1 #5241, 3. Cl, M 2 840,
4, 2, ¥ B, 5; R2 NS-shRNA-2 45248
1 NS-shRNA {£ HL-60 40/ 48 h 5§ RT-PCR i F 2 ik &

2.2 xf HL-60 % fg, 3 74 44 4p ) 45 1)

M) |, 55 B PE AT B L &2, A NS-shRNA-2 )5 24
48 hF 72 h 20 L A T MK B 2 M (£ = 4. 21,5.75,6. 06;
P<0.01), Mo 48 72 b fe W] &, W50 265 51 4 42. 6% Fi
45.2% A8 h 172 h Z [0 G EPE2E R (1 =0.28,P>0.05) ( #
1) . M NS-shRNA-2 ¥[8 |7, 0 i) HL-60 2 i 5% 51 i 5 A7 £F
W FE MO , Horp 10 nmol/L Fil 20 nmol/ L (1444 ] g ot , {H 3
ZREREEZER(1=0.22,P>0.05). 5,10 nmol/L 1 20
nmol/ L e 5 PR L 2 5 i (1 =4.25,5.96,5.72;P <
0.01),1 nmol/L # J5 E5 B B W 22 5% (1 =0.35,P >
0.05), ¥4 95 nmol/L 5 1 nmol/L LR B ¥ (1 =
3.49,P <0.01),10 nmol/L 5 5 nmol/L L f7 25 (1 =
2.58,P<0.05)(#%2)

#F 1 NS-shRNA 3 HL-60 £ A 38 78 H) % & B (8] B R (¢ £ 5)

) 48 b 72k
15
D(490) M%) D(490)  IDMAE(% ) D(490)  ME (%)
I 1.2210.37 0 2.53+0.28 0 3.97 40,39 0
BHYE B8 1.2020.29 L6 2.44:0.24 3.6  3.84:0.45 3.2

EvEil 0.95+0,15¢ 22,1 1.4520,270  42.6

a; P<0.01, 5 (bt 88 40 b 42

2.17£0,312 45.2

# 2 NS-shRNA 3t HL-60 408540 S f R E QM (x £5)
[P X B4 i)

AT (nmol/1.)

D(490) A% ) D(490) ik HE (% )
0 3.93+0.52 0 3,93 +0.52 0
I 3.79 +0.63 36 3.75 +0,61" 4.6
5 3.86 +0.49 1.8 3,03 £0.34% 22.9
10 3.81 +0.47 31 2.20£0.26"" 44,0
20 3.73+0.59 5.1 2.12 £0.37° 46.1

a; P<0.01, 5 af s mibdd; b: P<0.05, c;: P<0.01, &
5 nmol/L NS-shRNA b3
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NA- 2 5% 48 h J , 16 (4 00 %2 40 M 5 1 R SE R E B R R R
Al LN A0 S A B 2 L 400 T 2 i) R /D 2 ik A i T
RO IR RS & )T A A TR T £
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(] B2 708 1, 1 2 T SR TR DA WA S e Eh K (1 2)
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Wright-Giemsa §2 {0 5 5 6 B2 HL-60 40 M /32— 41
42 5L [0 T sl I T2 5 & A A T A oy 374 i AL L, B £ 44
AL F L ~4 AR A D IR . e
48 h J5 HL-60 4K/ A $47 B3 8 TES O [ TE2 /1 i 47— 22 52 AN
FLUUTES , 38200 A7 Db JE T 0 /0 1) 200 L 0 B2 58 A4 o4 €5 ol e
S AT S A AN B TV T ) A A M R 1
A LA M R A o iy BB AR (Y 21 (5
2.4 NS-shRNA #3545 1L4umml € 2 R

25 FCM {5 10 FhAi s e disibm ity 7 fife s de 5 im
HL-60 40 |- % 4 728k (% 3). 2 x %, CD7,CDI13 fil
CDIN7 (k30 BB Y] YA L2 7 (P >0.05) , &% 7 Rhai g
SR AR ATU I ) IR 20 R, e 4 AT L E PR 22 (P <0.01) 45 NS-
shRNA-2 §53L 48 h 1Y) HL-60 Ziff feifi s bAIi Al il g Asfe

F3 NS-shRNA2 #3448 h FHAURRETENLER( %)
% CD7 CDIIL CDI3 CDI4 CD33 CD64 CDII7 CD34 CD3SHLA-DR
WEgl 2.3 8.5 94,0 0 0 7.7 2.9 4.1 6.7 0.9
B 2.9 15.8* 97.0  14.5% 71.4°13,7* 4.0 60.3* 4.9* 15.5°

a; P<0.01, Y580 rkiz

2.5 NS-shRNA #% 2+ HL-60 #m iz MPO #= a-NAE B
&P e A ] 25 R
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HF R (10.9 £2.33) % 45 H1(27.2 +2.82) % , 22 52 W 5 (4
=7.718,P<0.01) . %fAB4] HL-60 4fi )il o-NAE Yo 52 [,
#5 NS-shRNA-2 fEH1 72 h 5, 30 T 13% FH#E40 I, NaF fEH)
22 BE P S E B RH BT S A A M T ) - NAE
2.6 mipK ) Feki oM R

X HR 4] HL-60 A0 fd (4 B AN — AR BUE B 1# 1 WoR
220 TURFF I Ry W L, ot 2R 0T R0 E A5 0 A0, IR T 150 0 () 20 7R /L
e S R (R L 25 A1 26 0 % L MK T 1500 0% 4 I R ek A o
W HESE NS-shRNA-2 (11 F S 30 it =2 (] o Bk 41
LV THCR L 705 o X PR ZEL A0 M LA 1 o I W SR S UK,
HUEHAFAE 2 A e W T TR AR IR o e I 0 (R
T BT 82 VAT 5 7 77 1 O e T A0 88 BT AT
714 22 W R S 20 LR G (T AT e

3 Wi

NS 5520 K9 FE A0 A0 22 5 DDA K, ol E S e
{4010 1 200 2 R G,/ MR A A e S 0 4
T A AR A AR NS A R R O HLR
TN R bR S . HL-60 40 & 53 44k iy T
20 0T w6 1) R A A M 2 2 2B Ak R R i
ik g "

M RT-PCR 25 5, JATr 1 £ 2 %& NS-
shRNA Xf NS BE[R Feak ¥4 00 0094 1 . i FA7
15 H IGO0 B 4800, NS-shRNA -2 4 L4 il 44
FH G . shRNA S48 0 2 4y [ 2R S 19 dsRNA, R
YRR, PO 0 shRINA P42 4% e 41 i 758 59 1944
Ap s B, B AR R

NS kPR 400 ] (i HIL-60 1 1 kg 248 JH0 £14) 334 31
RE 085 | I ELAT 6 s () e B AR 1k , 040 J 7% NS-
shRNA-2 # HE 4 10 nmol/L AF | 48 h ik 5|45 45 19 41
I T 2SR S i) F 4 5 E - AR R (10 4 S 4
SR ) R G B — A gt . Tsai A Lin 46020 sk
VACIRT 2 0 the 22 B0 NS 7= 49 %) 400 i o it 00 I 4 5 e ) i
5583, UE S A — 3 A3 A0 A 0 A 3

1 FCM FI4H B 43 A0 5t iF 55 NS-shRNA-2 4% e
Jri HL-60 40 A7 58 7 A it a4, I EL T RE S 25
BRI Z ) 0k AR G 1 40 4 T B Y
RSP, CD1Lh (CD33 1ty 1 i 52 W i) Ji
A 434k, CD14 I CD64 1 5 08 I A A5 — 3 43 41 i 1)
FRZ AN T5 1 234k, CD38 [ AR HLA-DR (19 7+ 5
U 40 L FR T A AT T BRI, A A BT . 2 1
Feela CD34 (4 &, R ATTIA R 1 HL-60 41 fifd fr) i 45
{555 FM5E 55 508 I A A 8 A5 . Goodell '™ % i
fiAE CD34 " 1 CD34 "2 Ff HSC, 7£— & M 7 AL ) T
R AT AL . HL-60 41 1) Fpr Ak WA 51 1
SR ML 25 S € 1) SR, % ) HIL-60 41 /)
HAF PNIBITE AR 1 7 4R F A R, 40 I P 1 B T oA

ANMLPE Y a-NAE, 3 25 41 il A% 55 50 F0 FCM i) 5] )
CD14 BHEEANMORARW G 2775 AR AN R L . e
Jii MPO FHE SR 0, 158 T35 43 1) R 40 iy 1) i — 26
A, Wright-Giemsa Y0 bl 7% 4 B A2 45 /08 L MG A% s
6 il SR, L L TR 4

S0 RS /ISR S R 20 ) 588 A A Ak 8 ) 4 i
w2k 1 AR, FR TN NS-shRNA-2 4% i
Joo AT A L3R 0 FR T 0 AR O 3] ) 4 e 2
AN HAZ P RE A 0 1A L S S A e, FRAT PR A
2 IE .

ARSI UE S ] NS-shRNA A LA &0 4 il NS g
) 2205 HL-60 21 88 5022 40, f6 orfb b FE &
HL-60 [ 1fiL 3 240 ffa A7 87 23 4k st a3, Of T g 43 I
TR, A A A AR A A Wi e bl ek TR
ARAR SR AT OS5, DA B b A S R Y B [
HEE R b i OR Tu
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