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[ =] HE: B RNA THHE AR UM AS49 4L PINI( protein interacting with NIMAT )& [K fry % ik , #3:f Fox
AS549 4IHIIAFH A0 L ST RIRE USRI RE T RS . TV BRI PINT JEDH A shRNA EUR#63KF0RE pGPUG-GFP-Neo-PINI
TG X HR ks pGPU6-GFP-Neo, DL B A4 Ik 5 e AS49 2L, G418 i e fa 2 ULER PINT FE R A ik o Real-time PCR 1
Western blotting $1iF PINT ZEFITE mRNA A8 H K38 MTT 35 A U4 B ARSI AS49 4t I3 5 A4 i Jsl 91 5301 . ¥ AR
SETLER PINT (9 AS49 40355 %0k BR AR ML Bz T 420 B, WLACHE R I R A= K it 45 e i T pGPU6-GFP-Neo-PINT 2
TR Y AS49 AT IR iR Ta b . R E YL pGPU6-GFP-Neo-PIN1 HY A549 ZHfifi s PINI mRNA ik 4% pGPU6-GFP-
Neo YLl R T 89. 3% 5 25 [ [t B Z M o PINT JEHUTERALAY AS49 20 g 338 i i I B R (P <0.01 ), 40 g
TG, WIREH . /NEUA P S2E SR, PINT YUER Y A549 400 7648 BUIA P9 BRI AE T FEAR( P <0.01 ). Z518: pGPU6-GFP-Neo-
PIN1 ki fa e e Y itidig AS49 ANMREA RLUTEk PINT S B335, T I AS49 20 A4 385 52 2410 At J&T 303 R0 ) 1l 8
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Effect of RNA interference-based silencing of PINI gene on proliferation, cell
cycle and tumorigenicity of lung cancer A549 cells

TAN Jin, LI Shi-ting, QIU Ming-ling, FANG You-ping( Department of Chest Surgery, First People’ s Hospital of Huaian
Affiliated to Nanjing Medical University, Huaian 223300, Jiangsu, China )

[ Abstract ] Objective:To study the effect of PINI( protein interacting with NIMA1 ) gene on proliferation, cell cycle
and tumorigenicity of lung cancer A549 cells by silencing PINI gene using RNA interference technique. Methods: The
recombinant plasmid expressing short hairpin RNA ( shRNA ) targeting PINI gene was constructed and named pGPU6-
GFP-Neo-PIN1. A549 cells were transfected with pGPU6-GFP-Neo-PIN1 and the negative control plasmid ( pGPU6-GFP-
Neo ) by lipofectamine 2 000. Stable cell lines expressing PINI shRNA were obtained after G418 screening. Real-time
PCR and Western blotting analysis were performed to determine the expressions of PINI at mRNA and protein levels,
respectively. Proliferation and cell cycle distribution of A549 cells were detected by MTT assay and flow cytometry assay.
Meanwhile, the growth of subcutaneously implanted tumors was observed in nude mice after inoculated with A549 cells
with PINI stably silenced and the control A549 cells. Results: pGPU6-GFP-Neo-PIN1 plasmid vector was successfully
constructed and transfected into A549 cells. PINI mRNA expression in A549 cells stably transfected with pGPU6-GFP-
Neo-PIN1 decreased by 89.3% compared with that in pGPU6-GFP-Neo-transfected A549 cells, and PINI protein was also
inhibited by pGPU6-GFP-Neo-PIN1 transfection. Proliferation of PINI-silenced A549 cells was significantly suppressed
(P<0.01 ), and their cell cycle was arrested in G, phase. The tumorigenicity of A549 cells in nude mice was inhibited
when PINI was silenced ( P <0.01 ). Conclusion: pGPU6-GFP-Neo-PIN1 plasmid stably transfecting into lung cancer
A549 cells can effectively silence PINI gene expression, inhibit cell proliferation, influence cell cycle and inhibit tumori-
genicity of A549 cells.

[ Key words ] RNA interfere; protein interacting with NIMA1 ( PINI ) gene; lung neoplasms; proliferation
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isomerases , PPlase ), BE % 7 vk b R ) W5 iR 4L )5 B9
22 R/ 9 = Y 5 SR AL R R AR
Ak, 75 20 34 58 AN 504k 25 1/ 2 400 it R vl e S B
Y2 WRgE R, PIND FEZLIRE RS IR 4
Jondes Jides Ry SR A 22 b MR v s 2, 5 R Y
RAAAIE, A ] RE SRR IR YT AT A, HAT,
PINT FETi38 o 094 FH I AN 1 5 B, A0 58 g
RNA A, HH T 5% PINT £2[H ) shRNA 3
KB, B YL il s AS49 40, I 0B AT G418 Jifi k.
WELFEUUER PINT FE 2381 A549 403456 41
it ) ) AR BB IRE BE 7 A O PR TS PINT 28 P e il
R R EPER .

1 #REFEE

1.1 #HHF=zhp

IR AS49 Hi M bR 11 ARk B L v 20 H T
DMEM 5 77 5 6 24 75 MW A Gibeo A w), pGPU6-
GFP-Neo A& H Gene Pharma 2\ &, lipofectamine
2 000 FEYRF I H Invitrogen 23 ), BRI YIS |
T4 DNA 3§ A NEB /A F], Taq il A TaKaRa
5], PINL 2 e BEHUIA S B-actin HTAAIW H Santa
Cruz 8 A JiiR. DNA $2 B0 &0 3 Qiagen 2
7 ,SYBR real-time PCR {7 &y H TaKaRa 23 7],
PCR 51 91 & 15 Wy Z 46 1l 5 R A wl 17,
BALB/c #E[ MM, 4 ~6 JAl#E,(20 £2 ))g g H h
BB L i 52 55 3 ) b [ SCXK( 7 )2007-0005 ],
SFP AR RS
1.2 ## PINI shRNA FA% % ik K

AR SCIR 38, £F X N PINT 3£ mRNA
( Gene bank :NM_006221.2 ), ¥E5E 55 292 ~ 310 {7 i
H 1 41 5'-CGGCTACATCCAGAAGATC-3" 1E R
siIRNA #5581 48 & 9 shRNA 751, 8] i 3% & TG
X siRNA J¥%1] TTCTCCGAACGTGTCACGT., 1F X f#
FR SCEE 3 0 3R A7 4k 27 G O IR KBS . pG-
PU6-GFP-Neo %5 #i /K% BamH [ 1 Bbs 1 W] )5
5 XUE DNA #7345 RN, Bl S S ALz S KT
DAL, Pkt B 1) B 40 O B2 AT PCR %828, PCR PHAE
AR P, X A Y e B R AT R 3R AN G
TR DNA
1.3 fmfods 3 RASE T4 0h ik

¥ BEAE A lipofectmine 2 000 B9 1 AH 45 #:4E,
¥ A549 HRIFERD T 6 FLAR , 70% 14 B2 BF, 76 TC Il
TG FRHEE PR S weg FURIR A 10 wl ARFTIAR L
BIHATHE G . 6 h J5 el & I3 i 3% R 5, R i
BEAUIMANG B AR 25 (6 IR, 246 4% 24 h J5 i A

G418 HUA:= I T , W1 4R BT B 300 pg/ml,
2 d JFECH 500 we/ml, 1 JEJE4Em 5] 700 pg/ml. Bt
AR 2 SRS 8 A 5 W AT R G v
FEOL, PRIEFHPE T RE RS A 24 FLIRY KBS 3%, HEY”
W2 25 em® MUIEFRIRIRR .
1.4 Real-time PCR # PIN] mRNA #3 %%

BOGE A 30 IR A B A 0 R B e o T
AS549 4f, Pk 5 > SERE SR A 24 FLIE SRR
WCAE A RNA , 326 5% 5% ) ¢DNA, >R H real-time PCR
( Bio Rad,iQ5 )Killl PINI mRNA AYFAMENL . PINI
5% H Beacon designer 7 #K {4 it, LUESI14.5'-
TCAGGCCGAGTGTACTAC-3', #5491 :5'-CGGAG-
GATGATGTGGATG-3', ¥ ¥ i Bt K /N 427 bp. L B-
actin NS5, FiE514):5'-CGGCATTGTCAC-
CAACTG-3', T Ui 5] #): 5'-CGCTCGGTCAGGATCT-
TC-3', ¥ 34 H Be K/ 369 bp. JELHA CT {H A5 R
FH 2-AAC’1“H§[6] .
1.5 Western blotting #] PIN1 %& & 64 & %

EHLTE real-time PCR 5256 H UL 2R 280% B 155 1Y)
— bk A549 F20E A MUbk , EREEH 1L, PBS Bk 2 I, IR
ML FH RIPA 24 20, 4 A i S 85 1,95 C 78
PEREFES . 30 pg HHZ 12% 5N ok i Bt
WEHLIK SR G R BANIR AT e Z L L. PINT —H0H
BEASECH 1: 800, Gk 22 ok i (A R4 w4, LA
B-actin fE A N Z( Fi BEAEEL 1:2 000 ).
1.6 MTT #F#ml A549 Zm el 36 54

SEE 53R 3 A AR YL X HEZH( control ), pGPUG-
GFP-Neo 41 Hl pGPU6-GFP-Neo-PIN1 4. %20 4>
IFIE] A 6 AN AL, 459l 2 000 DAL, RS 2 K
BEMTTCS mg/ml )10 pl/fL,4 h J5 Bt FLN A,
A DMSO 100 pl/fLo 5 min J5 K 490 nm 625 &
DAE. LA 5 d, LA R AR AR bR, D, 902
b, 2 il 20 My A it 2% .
1.7 AX e RAEn AS49 a e 4a e 2 2

G418 1 e g 75 e 5 s A549 dHML ) , S50
I3 R AR Ye %k B 4H( control ) . pGPU6-GFP-Neo 41
Al pGPU6-GFP-Neo-PIN1 £ 3 2H . B i 1k 4% 41
401, VK¥& PBS £ ,200 x g B0 5 min, W4
M, SR 70% BVK ZBE 1 ml, 4 Cidik. 42
FH A PR O U AN, LA VK PBS EE AN
Ji, 45 20 BE & 43 A PIC 50 pg/ml ) J2 RNase
(100 pwg/ml), #EFCVKIE 15 min J5 13 X 240 fe A%
Kl DA B 5 48 8( proliferation index, PI ) IR
A549 AR IEFE K, PL( % ) =( S+ G,/M )/
(S+G,/M+G,)x100% .
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1.8 B PINI 3B % A549 2 feiR KRG 69 % v
pGPU6-GFP-Neo 2 fil pGPU6-GFP-Neo-PIN1 £
A549 K B — 5 % B f , HJC I ) DMEM $%
FEWAIAL 2.5 x 107 /ml 40, FH 1 ml 73 51280
B 0.2 ml 38T BALB/c #/NRA M (5 x
10°/ 5), Ral o iliemr 6 HU/NR . HeRhE i/ BRGE
SEEE 4 JA B SR I A PR RN ISR 4 oS Ak B
S, WU AR
1.9 %itsam
TEEAELL « £ 5 R, R SPSS11. 0 Geit4k
PFEAT ¢ K556, P <0.05 Fm2ZEFA G5 L,

2 # R

2.1 #8% # 3% pGPU6-GFP-Neo-PIN1 Ji #:49 A549
ek 3k GFP 3%k

A549 41 i % %t pGPUG6-GFP-Neo-PIN1 Jii i A1
Xt B8 pGPU6-GFP-Neo JFURLIG 36 h, 1] UL/ 21 it 152
T RBUR R R — e . U1 e R
Y JSURL Y A AR T A R G ) AR B RS
Higtpdra b KSR, UL 2 G T B b, PRI
T REY RIG %, AR S TC W B A2 4k, {2 pGPU6-
GFP-Neo-PIN1 2 A549 4 g A= £ A8 18, & R ik
GFP (1), HEEWE IEF AL ARAE IR I3 .

sl L E- P e

A FIMUR=0F P-Bpa=™ |

1 pGPU6-GFP-Neo-PIN1
TR TR AS49 A %200 )
Fig. 1 pGPU6-GFP-Neo-PIN1 vector was stably
transfacted into A549 cells ( x200 )

A:Under light microscope; B:Under fluorescence microscope

2.2 A& # 4 pGPU6-GFP-Neo-PIN1 Ji 42T % 549
4 P PINI mRNA &9 %A

EEXF PINT 3R PCR 514, LL B-actin N
2, #47 PINI mRNA ARG . 2EHR S A4~y F3 e
Bt pGPU6-GFP-Neo-PIN1 [ 51 55 [ A549 4 iy,
mRNA %€ 25 (B 2) s, Fa e % Y pGPUG-
GFP-Neo-PIN1 (¥ FIME A549 2RS4 1 A6 A ) 5 B 1Y
PINT FEPIGTER, 30 1 280 % fe e ik 31 89. 3% . #E ML

AMDIRAS R4, 92 W63 IKIE B, PINT FE R VUBRAOCR
KT 80% ) AS49 FATE AN MR ER 35,1 A
Kl PINT BRI TERACE , To I B2

1l

= - = i -

i ¥ P T o
. | % %

abiveg mA kA

L%

2 FAEHS pGPU6-GFP-Neo-PIN1 i
LBk AS49 ZHRfIFR PINI mRNA KR i%
Fig.2 PINI mRNA expression was inhibited in A549 cells
stably transfected with pGPU6-GFP-Neo-PIN1 plasmid
** P <0.01 vs pGPU6-GFP-Neo

2.3  #&Z #F pGPU6-GFP-Neo-PINI Ji 45 3T 2k
A549 Zaped PINI & & 69 & ik

FEHL real-time PCR W IETTERBCR AL M Fa E e
YA, BEEAN A A5 1, JH Western blotting Kl PIN1
EHMERIE, 258K 3)BIR, B Y pGPue-
GFP-Neo-PIN1 JFKifY AS49 4l PIN1 &5 [ 214K F
T F A, M JC X pGPU6-GFP-Neo a5 4 A549 4
5 AREE Y AS49 AHAH L Fe R A B s .

| r) i

3 FAEFF pGPU6-GFP-Neo-PIN1 [Ffi
TLER AS49 dHRE R PIN1 ZE B RFRIE
Fig.3 PIN1 protein expression was inhibited in A549 cells

stably transfected with pGPU6-GFP-Neo-PIN1 plasmid
1: Control; 2: pGPU6-GFP-Neo; 3: pGPU6-GFP-PIN1

2.4 E PINI Z& & &k dph) AS49 4m ey 3 74
MTT AT A549 M3 58 , 25 8 & 4 ) 8w,
UUER PINI 1) A549 40 35 5 B i 2 . e %
pGPU6-GFP-Neo-PIN1 JivkiZH 2 2 5 d 4% i 8] 511
D@O{ﬁi@ﬁﬂ:iﬁiiﬁﬁé pGPU6-GFP-Neo ZH AR e Y
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Xt HEZH Y Do, (P <0.05 5P <0.01 ), 1fij pGPU6-
GFP-Neo 4 FIAFL YLt FAH L2 5( P >0.05 ),
2.5 #&Z# 4 pGPU6-GFP-Neo-PIN1 JR 45 5% A549
20 e, JB) 2 64 % v

UK B e AS549 20 it | 2 #% 4 pGPU6-GFP-
Neo fll pGPU6-GFP-Neo-PIN1 J5i K7 () A549 4 jitg, PI
Yue J5 i ORI AS49 40 i Y 40 4. 45
(R 1)ioR, PINI ZERGEDTER G AS49 4 38 5 45
B AL P <0.05 ), HANABEM T G, W1,
2.6 A& # 4 pGPU6-GFP-Neo-PIN1 Ji %% 47 4]
AS549 2m JAAR SR T

WA e e AS49 2 i L RS E % 44 pGPUG-GFP-
Neo 1l pGPU6-GFP-Neo-PIN1 JFki () A549 4 P 4
JEHERN TR BT WG IR AR, 23 g A= K it
£R( & 5 ), pGPU6-GFP-Neo JFikiZH AS49 41 i #5541
JAEF KT pGPU6-GFP-Neo-PINT JBikiZH A549
MMIFLAEIE( P <0.01), MiAFEY: A549 4HffIZH 5
pGPU6-GFP-Neo Jii ki 2H JC B @ 25 5. A SRR BLHK
JihRE Bk B & H, pGPU6-GFP-Neo-PINI JFikiZ A549

AR b 25 32 SN BRI A 0.19 £0. 10 g,
L K T pGPU6-GFP-Neo J5i ki fith 9 i 2 4H Y
(0.44 £0. 11 )g FIARFL YL 2H 1Y g P 1 ( 0. 48 =
0.13)g P <0.01 ),

WA ellsi )

B4 EK PIN1 ERRIZHIE AS49 HREHIIEIE
Fig.4 Silencing PIN1 protein expression
inhibited proliferation of A549 cells
* P <0.01 vs pGPU6-GFP-Neo or control

x1 FETEEL pGPU6-GFP-Neo-PIN1 RHIXT A549 4R EHAHISZM0( % )
Tab.1 Effect of pGPU6-GFP-Neo-PIN1 plasmid transfection on cell cycle of A549 cells( % )

Group G, G,/M S PI
Control 56.81 £0.75 9.97 £0.76 33.22 +0.63 43.19 £0.75
pGPU6-GFP-Neo 52.08 £0.61 11.80 £0.51 36.12 £0.79 47.92 £0.61
pGPU6-GFP-Neo-PIN1 67.12£0.80" 11.26 £0.26 21.62£1.00" 32.88 +0.80"
" P <0.05 vs pGPU6-GFP-Neo
3 3 i

piiid | i

Tigiimif i

5 TAEH L pGPU6-GFP-Neo-PIN1
Bl AS49 YRR RBEBEK
Fig. 5 Growth of A549-implanced tumors
in nude mice was inhibited after stably
transfected with pGPU6-GFP-Neo-PIN1
" P <0.01 vs pGPU6-GFP-Neo

I R R i A1 1) 22 SR X A R 7 s 1Y)
B 2 T A& W, A0 7 A A o R b RS AR
PINT J& F KM 2 Be 0 Sz S A i SR ) — 51, T e S
PEH TN B 150 B R Ak 1) 22 2R/ 05 AR - Tl
F&( pSer/Thr-Pro )37 , 5 ECHAG B AR | XF 41 fifg &
W AR W AR A PINT 2
FENLT 19p13, HgmAh 2 1 163 4> 2 SEFR AL AY, AH
X3 18 000, & A 2 NS5 E. N I iy
DS 1 ~39 (&R R, S 50N MY &
JEYI B pSer/Thr-Pro J¥ %15 C iy i 4 £k 25 #4 35
45 ~ 163 B IR L, 5 PR I S8 E

PIN1 5 ZL3h ¥ 4 A Y G,/M i & %5 )
G, AE R — PR ALK 3 1, 7T 5 polo FEJK
1.Cde25C Fll Cde27 54 22 43 543 B8 v b K i W 1R
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HEMEEAE A Kuramochi %ﬁ[ 12] W98 kW,
PIN1 7E45 s 441 b s 363k 1 I # A 4UAR Fk
B FRIL, H PINT 931K 5 Ibjsd 0 vk 78 5 AH OC.
Wulf 22 4738, PINT 7ESLRR 440 i ik, HiR
IRV 5 ZUBRIEE G R 5 ) RSB ARG . Ayala
e I, B Ak PINT T 9 8 50 2 TS 22 T
AFIE PINL RURTS e 84, 42 1 PINT 2 — 1 R
TS IR b, ELVE B0 AT T R0 1 08 10 4 57
PR DS, Li %50° UL 2] PINT A6 5 ## h
eIk, FLRENS R MR 20 A 5 A v BT B RE 77 L 3k
{2t eyclin D1 1 Rb (IBEIR 1L, 155 T 40U R B G,
6] S WHFEAE

O — SR K B, il 212 PINT B8
AT T PINT A A R %4 0 S 98 A
AHFFE R RNA TP AR S0 Bl es AS49 46 ffa v
PIN1 ZE I AYERIA , WLEEH X AS49 41 fifg 384 5 A 41 i
JABIRE e, AHST LR T 1) PINT R
shRNA FL A% 3R 3k # 4k, 7% Y A549 4 )5, £
G418 fifi v , ke e 1 s i & R 45 F0 ) shRNA |, I 7
LN A BN TAL siRNA #1461 PINT 3Rk, @t e
# PCR F1 Western blotting 1 mRNA F17E [ /K F /Y
R, i HAARLDTBR T PINT 25 AR5

Tk S BRIk 4N b PIND 5 %55, e
WAL, AN PINT 223K ] [EL U 240 A ) 1) gk 7 575
SR SET T . AT AE R E W, T PINI
FEIR M AS40 20 it % 14 Bl foff 200 i 1 400 L ¥ A2
G, I, RN BEAS I A549 A0ME R U RE )1, &
B PINT (1 23K 15 g PR 30 5 25 VDA OG . 3 T
ABS2 Ak PINT 5 RIS AT RE AR , (5 g 240
OB IR Ak M5 5 ik BE G , e T AN i e s, &

ARG, PINT 78 NZJm e rh ik B SRR W AE Ry

— BRI FA Y BT RNA R
PEUTER PINT 3% 3K AT 400 1) fii 98 40 Mo i) 38 5, 08 )
PINI W SEBRARYT T e R IR TR YT 1B R
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