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ASIALK2 E H R iR s A9 2 R H 33 A FLAR =20 Al
MDA-MB-2311%%8 . TR EHIZ M

F o O K IELE NAL F4E X 4% KEE X &£ %k BT
(TEDRPERIAE I R0 1672 BT ST 96505, T1K400016)

HBE AR A R0 TR IR K pAdSiALKR, 4 Pac 18447 )& 4 3 Z HEK293 48
JeAT @K, 4 & ERRIR 7, ¥ 3 5 BAT R 278 LN, vA AR SR FrsiALK2(AdsiALK2) & %
MDA-MB-23148Jitl, VA4 RFP#) IR % FAE 4 B et BE, X = @ 2 B 40, 18 iT RT-PCRILJEMDA-
MB-23140 i ¥ ALK2 %35 2 2 F &, MTTik . -FARE AT maREe. 2o X R K58 A Transwellfz &
RIS GE EMDA-MB-231/siALK248. 48 b MDA-MB-23 1 /RFPZH 40 iR 6935 34 7% 7). 42 % AR AR IR
WA ¥ R FHEIK(P<0.05), F K e s 4.8 2R Y (P<0.05), mMDA-MB-231/RFP4L 5 = & f &
LAPRAR, £ F AL FEXL(P>0.05). ZAR AN, TIHALK2EE G 7T vAFEARSN 7 6] FUAE & MDA-
MB-231%mfint¥474. TH 5K,

KHEIR  SiALK2; AN EE; FUIRINR, 40 B i, 4 Moiz 2h; i i

Construction of Recombinant Adenovirus Vector Expressing Human siALK?2
and Effect of siALK2 on Proliferation, Migration and Invasion Abilities
of Human Breast Cancer MDA-MB-231 Cells

Fei Chang, Wang Lin, Sun Xiaoxiao, Liu Yuehong, Wan Shaoheng, Wang Wei, Chen Yingying, Wang Ting, Zhang Yan*
(Key Laboratory of LabLaboratory Medical Diagnostics, Ministry of Education, Chongqing Medical University, Chongqing 400016, China)

Abstract The recombinant adenovirus plasmid pAdsiALK2 was digested with Pac 1 and transfected to
HEK293 packaging cells. The recombinant adenovirus was amplified and identificated, MDA-MB-231 cells were
infected with adenovirus siALK2 and RFP respectively. RT-PCR demonstrated that ALK2 expression was remarkably
decreased in MDA-MB-231/siALK?2 cells. The proliferation, migration and invasion of MDA-MB-231/siALK?2 cells
were estimated by MTT assay, colony-forming assay, wounding healing assay and transwell assay showed that the pro-
liferation activity, colony formation rate, wound healing rate and count of cells crossing the matrix barrier were signifi-
cantly reduced in MDA-MB-231/siALK2 group than those in MDA-MB-231/RFP group (P<0.05), ALK2 expression
was remarkably decreased in MDA-MB-231/siALK?2 cells. But no significant difference was observed between MDA -
MB-231/RFP and blank control groups (P>0.05). These results demonstrated that down-regulating ALK2 expression
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can inhibite the proliferation, migration and invasion of MDA-MB-231 cells in vitro.
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1.1 ##

1.1.1 B4k, @B JR4  HEK293 I H 4 R
SR pAdsiALK 240 i i 55 P 1 BE R 27 B 27 A 6 P 2
Wt 73 5 22 S s AR R RS I N L At i AR
MDA-MB-23 1) [ th [E R e 1 AR BT e
I 75 U5 Ly REPRIN B(ADRFP) H 98 [ 2 i =F K
2R A A3 TR AT S A ) | T

112 EZ&2&KHA e P 514 PCRAIDNA
HERARF G A KGR AEWH ARG R A BRETE
W V) ilf Pme TR Pac 1) H New England Biolab/A #l;
DNAZLAL IR & [ Omega s 7] Jig A& Yk 771
i TrizolikF H Invitrogen A 7 ; L-1585 = FE A
A= 1LY/ W) 1 Gibeo A Wl 1 Bl W DMEMK: 77 i It 1
Hyclone s il ; MTTIR 71 I [ So-larbio 2 wl; 3 i it
ECM(Gel from Eng-elbreth-Holm-Swarm murine sar-
coma)l H Sigma /A #]; Millicell/N % i H Millipore A
Al

1.2 A

12,1 EHRABEAMSIALK)S LK. y3g i
AT T O A kT ANALK21Y) AUEEDNA Y
B, WL [ 2 5 AR I P Pses-Hus i #7177 3k 45 Pses-
Hus-siALK2 5T ¥ir, i #4) 43 5 21 %7 #2 Jii #iPses-Hus-
SIALK2, Z /1), Wl > J W UK %8 58 Ja, i 22 Pme 1
g 1) £ VE A 5 WL AR BIS 183 K, X MK & A g
e 1) 1 28 50Uk (AdEasierdl] ), 3k 75 55 41 IR 9% 55 )i
FIpAdsiALK2, A SE 064 % a2 1F Aff 1) 5 401 10 23 0
¥iPac 18§ V), LBEYUVE S5, il BT fALipofectamine
20004545 YeHEK 293 41 Hy, 454 44670 & v B Ak
7o F37°C. 5% CO, KL MURNR R FRA R 9%, th
T2 MR 0 ki Pses-hus A% 5 81k 41 t8, ¢ 't & [1(RFP),
FEDE AT T EERFPIFRIEE I, 2180% LA L4
NAZ IR /D H5 A0 P e P T e W B, AT B A
e,

122 ELAMR R FEMDA-MB-23148/%. ALK2A R
Rikeyhre o RHEL RN EEAISIALK2, AdRFP
J& YEMDA-MB-23141 JitU36 h, ifitAMDA-MB-231/siALK2
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2] HFMDA-MB-231/RFPZL %8 Ve ik 5 — UG, $EH
BN ERNA, W8 5 ilicDNA. LA I IcDNA
F R EATPCR I N o ALK2 V3 514): 5'-AGG ATT
ACA AGC CAC CG-3', Fii#5|4: 5'-TAC CAG CAT
TCT TTC ATT AG-3', /#1163 bp. N ZGAPDH
L3 514: 5-CAG CGA CAC CCA CTC CTC-3', F
W59 5-TGA GGT CCA CCA CCC TGT-3', 7~ #IK
JE120 bpo RN A4 A: 94 °CTHAZTES min; 94 °CAF
P£30 s, 52 °Cil k30 s, 72 °CHEH130 s, F25ME I,
B JE72 °CIEMI10 min. HXPCR™ 45 pLiEAT 1%350 IR
BERER HL VK K, B T GEL EQBHR AR b %%,
FQuantity One#KF3E47 45 R4 41, LLALK24%47 K
{E/ N 25 I8 2% K AR () B A 26 2R ALK 2 mRNAIAH
X RIE T LI TE I

1.2.3 miesgsaiE 7 a4 m) O6T 25 A KA 1)
MDA-MB-23141 ff, PL(1~3)x10%/mLf{ % &£ $% T
96fL i 1, £EFL100 pL, 34N Ab BEAH: =% % .
AdRFPAb BH 20 FIASIALK 240 3 41, 4 203 HE 47 4L,
RTINSl T37 °C. FTECOLAE N oy ;85 55
20 M W BE 5, 43 o B R R I 25 . 8~12 hJi
W, R, 2, 3,4, 5,7 d, SR SALR IR, E
#:73100 pLIC ML . TEAPLIRPMI-164055 779, JF
BIA20 uL MTTY (5 mg/mL), 4k4E5; 774 h; W FE
LN R IR, BEFLINADMSOW 150 uL, FE K _FA%
TR 10 min, 545 540 78 70 e, AR (SR I 4% L
492 nmf#] DA .

1.2.4 MR35 R AL 6940 MDA-MB-23141
LR Ge I EE36 hm, WA A4, B 1710 em?
B IR, 20041 fi/R5 7R MLET 72 10~14 d, 2415771
H B AR P LI AR T IS, 2% 0B85 9%, PBS WEIR2IK,
3 mL [ 5 15 ming 55 2% ] a9, H o gLt
o R AN B PATREA

1.2.5 et Aae A agsen  BMDA-MB-23141
W4 A T e LA T, 5x10%4L, 45 40 M 4 ik 80%
ISF, 23 DI\ PR R B B, I v O R, L8 h
Jo ¥, 36 WG WS 1 I R IATE L. WSS IR
FEJERIIR, PBSUEER2IK, IIA T 10% 0674 MG L-15
R IR BR AR B EFE, 430 T 45970, 24, 36 hitf, 7 [F—
MG i Ak AL IR 5 1

12,6 @migfz e e94m  BHBECM k%17
(LA LS L-1 SR IR MR )5, BX32 pL3yA) iR
A £ Transwell/N 5 i I =511, RAMR IS i 74

MR EE36 him, WS- 4140 i, PBSTES2K, H
TG L3 15 57 90 TR 25 K400 pL 2 i B9 (2 10°/mL) jin
A L3, 600 uL7520%M6 45 MG FIL- 1585 72 2 N T
=, HHWIANE AL, 137 °C. AECOM%M FHE
7224 hy B b3, FHRRAR 2 R 5 b i o 2 Tk )
i, ARRT G LK LB €, HEQ . B
BT A, AR BE T BEALEE S M LEF v 5. DLEE
41 o B AR 4N Mo () AR AMZ B RE )

12.7 %itZF o4 NHISPSS19. 04K 1F Ak BEAH,
T A B LASS B bR fE 22 (ets) R0, K Hstudent’s 67
BTG 0T, LAP<0.05 K 2 S Gi vt 27 75 o

2 HFR
2.1 EHRFSAMSIALK2)RIE2E, #7318

PO REE LG W, 4 YL HEK 29341 i j5 4,
5,6d, 73 MAH10% 30%F170% 1) 40 g A5 21 (4.5
JGHIR, 7 dfE AT W R AL SO, 14 dJE
BEY G AN M AR 5, T UL R S B . AR BRI,
A GEHEK 293 41 i 3R A5 K 5 B8, 00, et
I B BE 110" TU/mL.
2.2 MDA-MB-2314f il siALK2E A By 5% K 7K
S ¥z kol

MDA-MB-23141l fiti FALK23E K] [JRT-PCR =
V)28 B 0 B S Lk 0 A, &5 R W ALK 2L PRl
MDA-MB-23141 il 45 ] ilPE R AL, S AdsiALK?2
Ji i 53 A HIMDA-MB-23141 il FPA LK 23 75 (E2).
MDA-MB-231/siALK22. MDA-MB-231/RFP4] I
MDA-MB-2314 [ ALK2FIGAPDH /% J& LA 43 5]
(0.37240.081). (0.367+0.075) F1(0.102£0.063), MDA-
MB-231/siALK 241 ALK 21{136 15 S 35 B AG
2.3 SiALK23tMDA-MB-2314A 18 585E 1 B9 520

MTT4Z5 R Wow, B 55 B 4 5 555 d, MDA-
MB-231/siALK2 #1(0.433 3+0.138 1) 55 MDA-MB-
231/RFP41(0.778 7+0.048 3)HHEL, 2 Jio 3865 =% 1] ik %
fi%(=1.899, P<0.05); 1fi == 4 % [# 2H,(0.845 0+0.026 8)
L MDA-MB-231/RFP4L A th, 7= 5 L4t 24 = X
(t=2.078, P>0.05)(&3).
2.4 SIALK23tMDA-MB-23140 B & 5% 2 5 E B4
A

Ji i 25 K 414 dJE, ) R 4IMDA-MB-2311)
N B B 7K T 1K R 32 5% W, MDA-MB-231/RFPZ 1L
o T BBURS W8 /b5 TTITMDA-MB-231/siALK 24 5
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P4 d; B: #YLS d; C: #6446 d; D: 447 d.
A: transfectlon 4 d; B: transfection 5 d; C: transfection 6 d; D: trans-
fection 7 d.

Bl EERFHAASIALK25E S HEK 2934049
R T HIZER(100%)
Fig.1 Fluorescent microscopy of HEK293 cells
transfected with AdsiALK2(100x%)
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The relative expression of ALK2 mRNA

M: DNA marker DL2000; 1: MDAMB-231; 2: MDAMB-231/RFP; 3:
MDAMB-231/siALK2; 4: MDAMB-231 4 Z*; 5: MDAMB-231/RFP P
Z; 6: MDAMB-231/siALK2N %,

M: DNA marker DL2000; 1: MDAMB-231; 2: MDAMB-231/RFP; 3:
MDAMB-231/siALK2; 4: MDAMB-231 GAPDH; 5: MDAMB-231/
RFP GAPDH; 6: MDAMB-231/siALK2 GAPDH.

B2 RT-PCREHZAAHALK2 mRNAKIFRIE
Fig.2 The expression of ALK2 mRNA in different groups
detected by RT-PCR

MDA-MB-231/RFP4] # Lk %, #& W & # HIMDA-
MB-23 14 o 55 7% J¥ 1, 40 Mo 39 0 0 P o1 . 4% 1
VR T R SRV TV 1 (Yo) =48 V& K/ 4 M
41 B $x100%. MDA-MB-231/siALK24H 41 g 4 Y%
B #.(25.7%+2.7%) . # (X T"MDA-MB-231/RFP
H(71.6%+3.0%), H 2= 7 1 4 i 2% & X (=25.461,
P<0.05); 117 AR 41(74.9%+3.4%) 5 MDA-MB-231/
RFPALAH L, 22 5 48 v 77 = L (i=1.611, P>0.05)(&
4),

1.6
——MDA/MB-231/siALK2
1.4 ~#-MDA/MB-231/RFP
MDA/MB-231
1.2
1.0
& 08
0.6
0.4
02 r /.
0 ——— —
2 3 4 5 6 7

Infection days

E3 FALIRLHLM A IEIETE S

Fig.3 Proliferation activities of cells in various groups
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<
N
.

Colony formation rate

MDA/MB-231/siALK2 MDA/MB-231/RFP MDA/MB-231

*P<0.05.
El4 ZAIBEMAEEY AR B IR

Fig.4 Colony formation in various cell groups
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2.5 siALK23TMDA-MB-23140fiT #6589 5200
KIJR24 hAI36 h)m, %) i ZIMDA-MB-23141 4
it %I R A 2 W7 & A 1 3, MDA-MB-231/RFP41
41 i R IR G A 0 4T A 4B, MDA-MB-231/
SIALK2Z 20 W Rl 45 e 35 0 0 BG40 M 15T
BRE I PG, 4% F ATHECP I RIIR A % R &
A 3R (%)=(0 hRIJR 56 F—24 h/36 hEIJE % 5)/0 hkilJR
B X 100% . MDA-MB-231/sid LK 240 41 i i %1 IR
A H(9.0%+1.3%) F1(15.5%+0.1%) ) W] & K T MDA-
MB-231/RFPZ#H(34.2%+7.8%)#1(100.0%+0.0%), H. %
GRS 5 91020.126F1202.915, PEIA /N

MDA/MB-231/siALK2

) 3 ) !< N
AUl kel
/ 1 2 Al Ay
Oh 2 b (&.g‘?‘svc
e AN
S We
&)

24h

36h

S ’;\a&:}\\»ﬁ \

NI

MDA/MB-231/RFP

e
TIRES,

s O\ N5
o \> “

F-0.05); 1125 (1% 2H(37.2%+9.3%) F1(100.0%::0.0%)
L MDA-MB-231/RFPAIMALL, 7 5 401245 X (24 h
tEH 40.546, P>0.05)(I%15).
2.6 siALK23tMDA-MB-2314Af12 2265 RIS M0
[ #4436 hJi, MDA-MB-231/REPZH % 4]
i 5/ T 2H, MDA-MB-231/siALK 220 78 540 iy
/> FMDA-MB-231/RFP4. 4112 28 RE 11 %A%
MDA-MB-231/siALK241 % JI5% 41 i %5(52.000+4.967)
5 % /b FMDA-MB-231/RFP#(197.625+16.707), H.
75 51 G 2 B (=23.635, P<0.05); 11 X 41
(200.750+13.874) 55 MDA-MB-231/RFPZIAH L, 2576

MDA/MB-231
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veattiaeet
Z SN

1.2]
B MDA/MB-231/siALK2

_ 1.01 —
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Fig.5 Migration motilities of cells in various groups (100%)
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MDA/MB-231/siALK2

250 7
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150 A
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N .
0

The number of invading cells

‘lﬁl 1 ’o”‘

G2

K “ “a‘a; hlﬁ.‘i"p

MDA/MB-231

MDA/MB-231/siALK2

*P<0.05.

MDA/MB-231/RFP

MDA/MB-231

El6 B4 AA)ZFIRAAEEL(100)

Fig.6 Transwell invasion assay on cells in various groups(100x)

Gi il X (1=0.533, P>0.05)(K16).
3 i

ALK2BJACVR 1 (activin receptor type 1), J& 4%
b 2E K [A] -¥--B(transforming growth factor-B, TGF-B)
IR Z AR 512 —, R H %Ak TGF-B32 44
I NI ST, FE AR LR 2 A7 4L, DIREAR
%2, CUFIIAOEAL, FrhTGF-B 1184 2 44 & -2 B
BOE . WEIR AL TR AR 52 AR T2 B 5245 4, b
WOE A1 A 1) — R A s I N . TGF-B2 443
VR RE S A 1, A5 BEA AL, AR 4 &
GERIR 5 G A SRR I PR D S P 8 A el =
LR T, i AR RS 7y S SR 45 5 T E AR,
i A58 43 S R TRCAAS i 7 MR350 I i e sk DR 1)
K LK, ALK2AE 9 TGF-BilE 5 I (T8 52 44, 51
Rk A 5, BEE N IFIISMADAE 55 18 4, i3 5Lk
DRI R 2 5501, ALK 2% T-BMPO5 3 10 B i 17 5 1 it
T A5 P ALK3 5 ICARBMP24 5 5, i ik LR
AR TR F AT O, 2 AR, AR N AR AT
WA AT IR YR TR B T R 5 5 5218 22 07 £

2, AR A5 5 e AR AN R 40t 52 22 A
AR, A BAEIRIK LR 2 M. B

CRARR A BRI B2 — o SZARBIETRE N >

TACE R WIBEER . B 259, JUkm/E PG

LA BN B R S e — A s T A Y
Bt SRl AR BRI TR R R T 5

DU 5 R — P EDIR A

AWFFURIN, ALK21EFLIRFEMDA-MB-23 141
o R e Ik, R T AdSiIRNAFE A R i#40 H rh ALK 2
ik )5, MDA-MB-23141 i (3458 . T 12 28 hE
JI)9R S, UEHALK2 S FL IR A K. R I
REMA R, 5 AT A b 400 a0 L e e B 1) — /N A
85, HETWEIU R IL, ALK2% HE 1E ABMPsI1) 5%
A, S 48 JUBMP/SMA DTS 54 53 % (BMPs-
BMPRSs-Smads- 41l fd A% A 3 PR % sc—AH 3 2 115k 1) 77
S EMR K T K228, FORALK2TT UAE R
FUBIEIATT 10— AN B (B0 A, (HALK 22 A5 5 At fi
S A AL RN, DA S A L Mg v si A LK 240 4
MBS T IT B B AR B A5 (M B ARGy T WL LA R ALK2
T )5 BEAR T TGF-BiE 5% Hh W —Ff a3 1)V i



1172

AL, A5 TT

S Z3Hk (References)

Boesen CC, Radaev S, Motyka SA, Patamawenu A, Sun PD. The
1.1 A crystal structure of human TGF-beta type II receptor ligand
binding domain. Structure 2002; 10(7): 913-9.

Herrera B, Van Dinther M, Ten Dijke P, Inman GJ. Autocrine
bone morphogenetic protein-9 signals through activin receptor-
like kinase kinase-2/Smadl/Smad4 to promote ovarian cancer
cell proliferation. Cancer Res 2009; 69(24): 9254-62.

Na YR, Seok SH, Kim DJ, Han JH, Kim TH, Jung H, ef al. Bone
morphogenetic protein 7 induces mesenchymal-to-epithelial
transition in melanoma cells, leading to inhibition of metastasis.
Cancer Sci 2009; 100(11): 2218-25.

Phipps Al, Buist DS, Malone KE, Barlow WE, Porter PL, Ker-
likowske K, et al. Reproductive history and risk of three breast
cancer subtypes defined by three biomarkers. Cancer Causes
Control 2011; 22(3): 399-405.

Luo J, Tang M, Huang J, He B, Gao J, Chen L, et al. TGFbeta/
BMP type I receptors ALK 1 and ALK?2 are essential for BMP9-
induced osteogenic signaling in mesenchymal stem cells. J Biol
Chem 2010; 285(38): 29588-98.

EORL AL, 05, Bt 5k 2. IR RAEEAM
N FLIRHEMDA-MB-23 18 SMZ 22 T By . HERl B2 27 55 I R
(Wang Ke, Feng Honglei, Sun Xiaoxiao, Luo Jinyong, Zhang
Yan. BMP9 inhibits invasion and migration of human MDA-
MB-231 cells in vitro. Basic & Clinical Medicine) 2011; 31(4):
360-5.

NS, T OB, R, Bk, T OUT, 9K 2. DN-ALK2XTA
FLARE A UMDA-MB-23 1 858 . i M2 28 AE 0 K. h

[E A=) 3hl 2% 2% &5 (Sun Xiaoxiao, Wang Ke, Feng Honglei, Luo
Jinyong, Wang Hong, Zhang Yan. Effect of DN-ALK2 on prolif-
eration, migration and invasion abilities of human breast cancer
MDA-MB-231 cells. Chinese Journal of Biologicals) 2011;
24(17): 1285-9.

Yoshikawa H, Nakase T, Myoui A, Ueda T. Bone morphogenetic
proteins in bone tumors. J Orthop Sci 2004; 9(3): 334-40.
Katsuno Y, Hanyu A, Kanda H, Ishikawa Y, Akiyama F, Iwase T,
et al. Bone morphogenetic protein signaling enhances invasion
and bone metastasis of breast cancer cells through Smad path-
way. Oncogene 2008; 27(49): 6322-33.

Kang MH, Kim JS, Seoc JE, Seo JE, Oh SC, Yoo YA. BMP2 ac-
celerates the motility and invasiveness of gastric cancer cells via
activation of the phosphatidylinositol 3-kinase (PI3K)/Akt path-
way. Exp Cell Res 2010; 316(1): 24-37.





