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SMC3%TAtiEAS49ZAAEIESE . TR FNRREKEE SRS

AAM B OB K OB OB % X % W 5 BRB Hmp
(BB TR A A B S HER =B 4h A5 515 2 5L 88 %, R2# 650500)

5 1% 3B T RNAF 7 ik T I 4 AR #) 4 FF % & 3(structural maintenance of chromo-
somes protein 3, SMC3)#9 & ik, 4R 50 H 5 AN 5 40 iLAS54989 %5 7% . JF) Western blotdaiESMC3 3K
#9R, FICCK-85% 35 Transwell 5 3o A8 M| SMC33HAKST AS5494m i, 6 36 74 Fo i 4% 48 /) 69 % om), A 4w
LR RS 5 B A M SMC3BARAT AS494m i T M 69 &57h . 4 R B+, AR A H 3t T pSUPER-
SMC3-F i #2, H5 H 4 4 A5494m i Ja SMC3%& & Jit K-F 9 1K, 52 35 28 (pSUPER-SM(C3) 5 iE
% % B 28 (control) B[] M %t B8 28 (pSUPER)AR bb, 48 .38 74 4= iE 4% 8 /) 80 2 T M (P<0.01), mfie sk
By, T, Z I R AR, TASMC3E & i KT 5T vA 37 %) AS49 40 JieL 64 38 78 An iF 4% £
W FG fm T, 3% AR SMC3XF At 8 69 % A Ao KR T e EL A ARUAE B . 2 K30 A F RS AU B 7
ERAET A6 FIRIE .

*i#1E  RNA T AS4940 A, SMC3; 34 5H; i

Effects of SMC3 on the Proliferation, Migration and
Sphere Formation of Lung Cancer A549 Cells

Yu Dongmei, Huang Ying, An Shu, Yang Yang, Liu Ying, Hao Qian, Xu Tianrui*, Guo Xiaoxi*
(Cell Signaling Lab, Kunming University of Science and Technology, Kunming 650500, China)

Abstract In this study, the level of SMC3 (structural maintenance of chromosomes protein 3) protein
was down-regulated by RNA interference, then we explore the effect of SMC3 on human lung cancer cell line
A549. The level of SMC3 protein was determined by Western blot. The effect of SMC3 down-regulation on the
proliferation and migration of A549 cells was detected by CCK-8 assay and Transwell assay. The effect of SMC3
down-regulation on the stemness of A549 cells was detected by sphere formation. The results showed that the
pSUPER-SMC3 interference plasmid was successfully constructed, and the level of SMC3 protein was significantly
decreased in A549 cells trasfected with the pSUPER-SMC3. Compared with the control group and the negative
control group (pSUPER), the cell proliferation and migration ability of the SMC3-knocked down group (pSUPER-
SMC3) decreased significantly (P<0.01), and the number of sphere formation and the stemness decreased,
indicating that SMC3 could promote the development and progression of lung cancer and might provide a new
experimental basis for finding potential anti-lung cancer methods.

Keywords RNA interference; A549 cells; SMC3; proliferation; migration
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it A — b DR PR S P, H R R RIBE
TR A BREE — U2 e 10 A e R v o
WA Ak e S SN R, ERL G, PR A i R )
HE B AN R R i BRI A AR K B, B IT K
B, Ge AR B AR E Ve (L Bk s 1 R A, Getik
2l k) 437 85 1 3(structural maintenance of chromosomes
protein 3, SMC3)/& & 1% 8 1 1) H 4L B 73, SMC3
ANSMCT AN, & 3 o JH 42 8 45 44 35— R AL TE v
TEAR, IX ANV 55 Ji 5 1) RUHE i 2242 5 8 1H (double-
strand-break repair protein rad 21 homolog, RAD21) M.
BRI R — A A SRR, XA AR
) BE A% 0, [ A ok % € Ak AT A AR R G (AR R T 2R
F R B, JRAEE PR % R R B E Y. SMC3
FEDNAEE 4] rp g 55 o € VE 1R H, JF 12 DNA
4 P Rz 4b, SMC37E SHATT LAY 2 B4k
(acetylation), %37 L8 T N E ) 30 8 A B G VE,
B 5, LAk ISMC3# 414 25 Z AL iF 8 (histone
deacetylase 8, HDACS)/Ii Z Bt tt, FHHDACSIT 7+
PE ] FIPCI-34051 4 2 5 A& B, SMC3 1) ZBEAL A
PG 58, MTTRRER 1 0 0 ) ST A A0 400 B ) A3 1
PRI, FRATTHEEIN, SMC3idd i 15 G ik 5 i 2 5
I il 4 L PR B A W Th e, AE R R A AR AN A
J I A Hh T RE R A AR . ASA94H g 2 Bt
FoMt R H 80— N0 Bk, 8 AR E BOTE AL AN
FRU R, AT S E I T ASMC3H R IE IR AL
HEXFASAOAN M A G A . L8 S IR REE, RN
SMC3TE il B A Az A i B4R I DA K O 5478
FE RO 7 iR SR AU B A K .

1 RS
L1 RS EZIXF

N i i ASA9ZH Ak ey - v [ R} 27 e i 41 i
JF£; RPMI-16404H il 3 7% £ 1 H Hyclone A #; fif
R I35 T H Gibeo s 7] ; SMC3$i44 % H Santa Cruz
4y A CD4441 4K 1 H Cell Signaling Technology A
H]; CD13341 44 1 [ Millipore A 7]; % /ApSUPER-
Puroll4 H OligoEngine A & ; [R il 14 N V1% IR B (Xho
I. Bgl 1) fil T4 DNAE [ ¥ [ TaKaRa A 7
Lipofectamine™ 2000/ H Invitrogen’/ #]; CCK-81x
N B 2 = RAEVBARA PR F] 5 FIKACR 5L R
BRS8N — AR BR A A Bbs {8
HBMG LABTECHA .

1.2 pSUPER-SMC3EZFXHHHMERELEE

43 5 % 1HSMC3-shRNA [ IE [M]DNA F Bt5'-GAT
CCC CGT TAC TGG TCC TCG TGT TAT TTT CAA
GAG AAA ATA ACA CGA GGA CCA GTA CTT TTT
C-3"MJz [m] DNAF Bt 5'-TCG AGA AAA AGT ACT
GGT CCT CGT GTT ATT TTC TCT TCA AAA ATA
ACA CGA GGA CCA GTA CGG G-3', HHA T4
TAE(EEHBRAD AR A A A . EDNAR B2
40 pmol/L, i 1F S5 A e SCE DLSE R 7K ) & AR IR K
% PR IR K IR S A BUEE, 2 4A&pSUPER-puro
PR 8] % 9 V) A% R Wi Xho 1. Bgl TH3EAT BV, T H T4
DNA % £ i {8 2% A pSUPER-puro 1 X i DN A %,
SRIEFEALIRZ B KA B DHS o, BEEUR % 2B
FEDU R, K- D0 TEF 1) o B 47 38 I B B 4 B b
1.3 4RSS e X BH M 8 52 PR 4R AR AU ik

WA T35 B ) AS 494 it 15 2 st Fe ot 7E 6 FLAR
o S A K A 50%~80% I A I HEAT B k. iR
Lipofectamine™ 20004% 44155 15 B 5454, 6 hjE
AN MG R85 72 L AT 85 9%, 24 WG gl 2 B
£N10 em P 4E iR B IR b, JRAEL dfa i N 24K
0.3 pg/mLIEMR AT IR IE . B3 iR LIRS
WA B 2R N IR IR B AR A, KETRIE12 d5 5 og FE 2
M PRI v B i, i — P AE 6L RS
Fro SIS A3 1E X ER 2H (control) [ 14X HE
H(pSUPER)F1 524 4H (pSUPER-SMC3) »
1.4 Western blot;£#& M2 HSMC3E HRIFRIA
KFE

WCHESZH AN, FHRIPA AT 24/, $LHLA
i e B 1 IF FH BCARRAE fh 2675317 8 &, I ARIPA
ZEAN L FEG AN ST, 98 °CAEMES min. AL 5%
IR AN 0% 1 7> B HR, 25 ngia B AL H 150 V
HLYK1 hJ, 120 VELA70 minEPVDFE. 10% 1 i
NEW Ry = iR E T h, 73 5 ASMC3Hi44(1:4 000).
GAPDH#/4(1:2 000), 4 *CEEIRIF H L. 1xTBST
VM3 IR, BEIRS min, AR 51 f5 = IR R 0%
H 1 h, IXTBSTHEME3 IR 512 FHECLEAR I .
1.5 CCK-8% M 4hpatEsE

HURNAT $t 5% I 1 52 56 4 (pSUPER-SMC3).
I 4 5 18 2H (pSUPER ) A 1 &5 Xt HE 2 (control) I A 549
Y, RN R, PL2x10%/FLEE R T 96 7L 7R
o FEFL100 pLyEFRIE, W E S E AL, 96FLRTIAN
O L 1 IR A b 4k R 8% 9R24, 48, 72, 96 h, FEALN
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CBRE T

A 10 pLIICCK-8i 77 f5 M A37 °CE I 46 B 1.5 h,
SR I FIBERR AR 1490 nmife K AL DA .
1.6 TranswellSEIG4H M ZAREIT TS

IG5y 3] 43 A S 56 4 (pSUPER-SMC3). [ 14
X 1 2H (pSUPER) A 1E 5 %) B8 2H (control), &F2H 1% &
3INE AL, FESRIS 2 BT S IS YL 2 h, 2 J5 F R
VA A S )4 4 B, 400N 100 uL(1%10°)
) 20 i 2 T Transwell/N = B, 600 pL5¢ 4%
BT ANETE, T ET37 °C. %5% COME;
FEAA B 7224 h, FIPBSBEE J5 TN AN4% 1) 2 5 /g
5E20 min, 1%%5 5 L A 510 min, 2L
e E P, R R AT A R
1.7 #APRRKERSCIE

W 15 IR B 97 2 80%1 A [ 52 5 4H (pSUPER-
SMC3). BH 1%} i 2H (pSUPER ) A1 1E & %5} [ 2H (control)
1) 4 1R 3R AT Jo 2 1 T VA Ak, o R 4 i R O R AT
THE, B TE BT 1) A A Al 7 AR 2 B 24 7L AR B,
FL1 00040 i, FFE3 M L. BFALINA TG LI 5
£ [EGF(20 ng/mL)+Basic-FGF(20 ng/mL)+B27
AN FA(1:50)+F 3 99(4 ng/mL)+75 /8% % 2 R &
(100x)2 mL]. 40 H B T 55 37 46 W 75 72 10~14 d,
2~3 dMIN100 pLis 77, W5 o B 3R 0 T BRI 100«
ANpuEEFR14 A A, BT rda i, 1.
1.8 Western blot£#4HAE - CD133F1CD44%5
BRKF

e HRLA1) 7 72 4340 4 i 1 & B (1 3k 47 SDS-
PAGE. % JEAIE A5, 43 I A CD1334144(1:2 000).
CD444L1A(1:4 000) SMC3HL1A(1:4 000)FIGAPDH
PUAAR(1:2 000)#2 R 57 B il 7, 1xTBSTHEAE3 K, £
8 min, NIAMHRL) i )5 Z iR FEIKE F 1h, 1xTBST
PeRE3 512 FHECLIEAS I .
1.9 ZiF Ak

SIS A T 75 04 #10K H GraphPad Prism 53347
Ab B> HT, TR HOE YR Pl xts, 4 [A] B 558K F One-
Way ANOVA T, P<0.05 4% 3 HAT Giit 245 Lo

2 H#HR
2.1 pSUPER-SMC3HI2 %5 P& 1K 7 AS4948 i
SMC3E BRI FTRIAKF

Western blot /7 74 pSUPER-SMC3 £ 4% £ A549
R SMC3E A UK. W1 AR, % %pSUPER-
SMC3 ) 52 56 2H 5 1 55 % B ZH (99 ¥ %) R 2H AH L,

SMC3 5 H i /K-F- B 295 />, 3t I pSUPER-SMC3 A&
L RE RS I PR IRASA9 N i - SMC3 & 1 UK F-
2.2 TNIASMC3%E R Rk FHIHIAS4940 A 1E5E
I8 T CCK-87: A% #2 % pSUPER-SMC3 Ji5 X A549
4 Py IS L. W 2SR VTR, 2% pSUPER-
SMC3 ¥ ASA9ZH Jfd (1) 38 B fie /7 15 xoF R ZH A0 B 14 S 5
HARELIA B R R, I HEAA G- L(P<0.01), ¥iH
SMC3 ) N VI T AS494H ) 3G 58 -
2.3 TEASMC3ZEBMIFRIEHIHIAS49HE AT
Transwell 5256 45 S 4l & 37, %% 4% pSUPER-
SMC3 1 52 56 2H 41 ffg 58 i 8 Bt N R = a5k
56.0007.200, 1fij 1F 5 X FE ZEL RN BH 6 2 4 g ok N
T = 0 ) B N 146.667+6.100  145.000+7.500,

Control pSUPER  pSUPER-SMC3

o D

140 kDa

GAPDH 36 kDa

Control: IE % A54941 fifd; pSUPER: #% JpSUPER %S #% 14 I A54941
Jit); pSUPER-SMC3: % 4pSUPER-SMC3 Jii 1 [ AS49 4 ifd »
Control: A549 cells; pSUPER: A549 cells transfected with pSUPER;
pSUPER-SMC3: A549 cells transfected with pSUPER-SMC3.
&1 pSUPER-SMC3HI4E &R AS4940
SMC3EHFRKF
Fig.1 SMC3-shRNA transfection decreased the level of
SMC3 protein in A549 cells

=@— Control
—— pSUPER

—a— pSUPER-SMC3

Proliferation multiplication
N
1

Time (h)
#%P<0.01, 5 1EH % R 4L (control) A BH P4 % 1 41 (pSUPER) EL 4
*#P<0.01 compared with the normal control group and the negative
control group (pSUPER).
E2 TYESMC3EBB/K TG T AS494mAaIE5E
Fig.2 Down-regulation of SMC3 protein level inhibited
A549 cell proliferation
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R TIEHSMC3E B FRIEXT AS49 A BIETE RS0 (D1E)
Table 1 Effect of down-regulation of SMC3 protein expression on proliferation of A549 cells (D value)

5 i 8] (h)
- Time (h)
Group

24 48 72 96
Control 0.229+0.077 0.543+0.061 0.951+0.053 1.451+0.086
pSUPER 0.223+0.068 0.510+0.053 0.913+0.040 1.347+0.063
pSUPER-SMC3 0.221+0.049 0.347+0.052%* 0.439+0.049** 0.548+0.042%*

TR AR R YR AR fxtsRoR . #*P<0.01, 5 1E% % B 2H (control) Al B 14 f HE 2H (pSUPER) L% »
The data in the tables are all expressed by X+s. **P<0.01 compared with the normal control group and the negative control group
(pSUPER).

(A)

Control

©

200+
E 150
S i
=
=
8 100
5] *k
.2
g 504
©
O
0
Control pSUPER pSUPER
-SMC3

PSUPER-SMC3
A~C: 3 (3] B ST 40 0 82 1E % 5 BE 2 (control) . [ 1 Xt & 20 (pSUPER ) A1 52 56 2H (pSUPER-SMC3) [ AS49O 4 AT # %, D: 4 A~CSZ56: ik
AT o3BT, BUH DA EEARUE R ZE IR, **P<0.01, 5 IE % X B 28 (control) R #:f B 40 (pSUPER) L 4L«
A-C: the number of A549 cells in normal control group, negative control group and SMC3 knock-down group were observed under normal inverted
microscope; D: A-C experimental data were analyzed statistically and the values were expressed as X+s, **P<0.01 compared with the normal control
group and the negative control group (pSUPER).
El3 TESMC3ZERBUKFHIH T AS4948MiEH
Fig.3 Down-regulation of SMC3 protein level inhibited A549 cell migration

G ZH 240 B B0 d 2D T TR 0T R ZE R X HE AL B % 6] 1 2H (pSUPER ) T A 54941 it FH 4 i 1 5 i

YA, B2 BA W MR (P<0.01), W] R
SMC3 8 [ 5 i SE 2> $ | AS49 40 B IR AT 7%
2.4 TEASMC3ERRKFAPEKAS49AAn T fE
BRHI Rk BE

SZIG2H (pSUPER-SMC3).  1EH % 18 4H (control) F1

F214 dJa R I, S04 (1) 240 I B ERECH(19.667+3.055)
B S5 D I R 6 IR ZH.(54.3334.041) A1 B 1 6 1R 40
(54.667+3.786), % 7 H AT I 2 1 = L(P<0.001), T
T T LRI [9  to) T 2E 4 ff l k H TE E  X
(P>0.05)(K4A~E4D); Western blotZ 46 i 75, 41 i T



1324 CHARG I -

(4) ) (B)

-
w
&
P
3 »”
-
Lt
'c’

‘ : " : .3 N R 35
13 : Y > ¥’
» & i oy
" m‘ L e N
’ % sy e A Y oo &
4 ~ C - S A
pldm 2 * S0 B W= o "’{‘A RSy - | 50 pm ::5;?“, :
= ‘ Pl SRR Nl 0 = 2
Control pSUPER pSUPER-SMC3
SUPER
O/ (E) AS49 pSUPER gy
5
% 60+ SMC3 | e s oo | 140 kDa
E 40 CDI133 | cm—  a— | 97kDa
§ 204 e CD44 | D @D == |30 kDa
0- GAPDH b" 36 kDa
Control pSUPER pSUPER
-SMC3

A~C: I8 18] B BB N 20 0 %% 1E 5 5 IR ZH (control)y  BH 14 % & 41 (pSUPER) A1 512 56 4H (pSUPER-SMC3) [ A 54941 i il Bk i, D: X A~C S5
AT GE T T, BUE DL EERR IR 22 3K 0R, #*%P<0.001, 5 1E 5 X} 18 41 (control) AT BH 4 X & ZH(pSUPER) LL#5¢; E: Western bloths: il 1F # i HE 21
(control). X B4 (pSUPER) 5256 2H (pSUPER-SMC3)A 54941 Jitl 1 F ¥ 47 E 4 CD 133 MICD44 2 [ 11335 7K F o

A-C: the number of A549 cell spheres formation in the normal control group, the negative control group (pSUPER) and SMC3 knock-down group
(pSUPER-SMC3) were observed under normal inverted microscope; D: A-C experimental data were analyzed statistically and the values were
expressed as X+s, ***P<0.001 compared with the normal control group and the negative control group; E: Western blot was used to detect the levels of
CD133 and CD44 protein in the normal control group, the negative control group (pSUPER) and SMC3 knock-down group (pSUPER-SMC3).

El4 TIESMC3E B UK FHIH AS49OM AR R 3
Fig.4 Down-regulation of SMC3 protein level inhibited the number of A549 cell spheres formation

PEFR EHICD133MICDA4FEAR(EI4E) . LA ETiH, iR
SMC3 5 [ BT /K5 ASA9 2l s BR ESiat b, 198055 o

3 Wi

1 K 22 H500 M by 110 4 e v 410 B W 252 21 e £
PR EIAFRE PE, 1 Choesin & & IR TE 44 e (AR I AR
SE TR TT T R A5 R RVE R . WHFE KB, Choesin
AR LSS 15 B R T D e Bk 2k 23 5 AR JRAE I K
5 R RN, TISMC3 /& Choesin & £ 4 4% 40 M1 2
=, BRI, FRATHEN, SMC3 5 il i) R A AT — 58
PIFHCYE . B TE AR, 75 N &5 e Aast AL 1 2 i 8
A IR /) R 3 i R v B AR AESMC3 ) iy 3Rk, 7
W b R AR A, B 1 45 i JE. PR B 1 (adenomatous
polyposis coli, APC)/B-1EH &5 [H (B-catenin)/F% 5% K -1
4(transcription factor 4, TCF4) 3\ 3 i 8 B 1 1E 5
IBATESCM3 I 1K B 52 B ], SR T %38 2% £ 25
Jeb 2 52 BIBEIR, MM SMC3 I Rk & =1, i

FIESMC3HINTHIT3 i £ 24 41 it 2 15 41 B 2 1] (1) 42
figk 52 M1, 1X T E0AH B AT K B 2 5| R AL S
A%, PRI, SMC3RIIE 3Rk SRt it & AR sSE A —
SE RIBER 2R, (ELE i h SMC3 B A= Wy oh e A4 R ML A1)
AN B

A TR F A e Y 1) 7 152022 4 pSUPER-
SMC3 i KL fELip 2000115 Jii 44 (1) /i 5 '~ A2 4% A N il
FEASAI i b, HE— DI 5T T SMC3 5 1 i /K
X ASA9GH B (I 2R o B AE A5 3 R 0k Bk by
APES TR EERF, Mo FEEER 5 N AS494 i H
I, D) A PRS2 2R MR IR R RIS A 24
FIAS494H i ) 3L K ZHDNA |, 76 20 0 1) 1% 25 3
TN WA B 25 0 0k At 22 49 B 5 A H 1 5E K AS49
Y B, X Bl T I RE 1 4 RR K B T SMC3 R (1) T
2, I H e e e th g T e b .

AT Western blotf: % AS4941 A FSMC3 2
KT, KILSMC3-shRNAREAT Rt 0] H 13 R 1
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Rk LA AR, FAT1 8T CCK-8tal |~ A5494H
it 458 5 5% B 2 06 4H (pSUPER-SMC3) 2 it () 185 K
39 S R IE 6} 1 4H (control) B 5% R 41 (pSUPER) M
bE S 2 B (P<0.01). AUk, T AISMC3 4 A 2> il
ASAOZ A 3G HE . FRAT8 i Transwell/)s =5 525646 1
T ASMC3 8 A KT ASA94H M F2 B8 ) (5 . SRS
SE R OR, S 4 (pSUPER-SMC3)4H i f 3L 4% g F1 AN
TEH 0] B (control) B 5% HE 4 (pSUPER YA L 4. 3%
FA#AE(P<0.01), IX ikt BHSMC3 3T BR 2 31 1l AS4941 i
IERE . BRIz Ab, 4Rk sEge 7R, FIHSMC3
B 28 ASA94H I IR BT, A T 1R -

&2, SMC3FUIR 2 1| AS4940 L K MG 58 . 3
T RRERAE /7, DTS A0 M A1, I e 35 A e 41 i AR
A7 IR R (1 EE B AR ) ThRE . BRIk, SMC3H #
FSCAHT B e 12 W R AR b ERR YT I 2 55
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