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qPCR Fl Western blotting il ik 255 24, A CCK-8 32: - 4 Al X I A1 & Transwell F14H A 5 B 5258 23 790 K 0 40 P (1) 14 5 L 3T 7% =
Fe RN BE 77, FH qPCR K I 21 i _E 17 18] 5 4% 4K Cepithelial-mesenchymal transition, EMT) b &) %5 KT . 4 F  liahiyzd 1
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Effect of FOXK2 overexpression on malignant biological behaviors of ovarian
cancer SK-OV-3 cells

WU Huazhen’, KONG Linggin®, LIU Jisuo®, LI Jing" (a. First Department of Gynecology; b. Jining Cancer Hospital of North Campus,
Jining First People's Hospital, Jining 272007, Shandong, China)

[Abstract] Objective: To investigate the effects of forkhead box transcription factor (FOXK2) overexpression on the proliferation,
migration, invasion and adhesion of human ovarian cancer SK-OV-3 cells and its related molecular mechanism. Methods: The open
reading frame (ORF) of FOXK2 was cloned into lentivirus expression vector, which was then enveloped in HEK293T cells and
transfected into human ovarian cancer SK-OV-3 cells. The overexpression efficiency was detected by qPCR and Western blotting. The pro-
liferation, migration, invasion and adhesion of SK-OV-3 cells were detected by CCK-8, Scratch-healing, Transwell and Cell adhesion
assays respectively, and the expressions of epithelial-mesenchymal transition (EMT) markers were detected by qPCR. Results: The
FOXK?2 overexpression vector was constructed successfully and packaged into lentivirus, which was then transfected into SK-OV-3
cells. After transfection, the expression of FOXK2 was significantly increased (P<0.01); the proliferation, migration and invasion of
SK-OV-3 cells were significantly reduced while the adhesion ability was significantly increased (P<0.05 or P<0.01); and the expression
levels of E-cadherin and B-catenin were significantly increased while that of vimentin and fibronection were significantly decreased
(all P<0.01). Conclusion: Overexpression of FOXK2 in SK-OV-3 cells leads to a significant decrease in proliferation, migration
and invasion but increase in adhesion. The molecular mechanism may be related to the reversion of the EMT process in tumor cells,
suggesting that FOXK2 may be a potential target for the diagnosis and treatment of ovarian cancer.
[Key words] forkhead box transcription factor FOXK2; ovarian cancer; SK-OV-3 cell; proliferation; migration; invasion; epithelial-
mesenchymal transition (EMT)
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e K7 FRN R 2 —, 2 5 TR P 40 ) A L 40 i
JE L BE B L o A0 R R TS SR 2 R AR ) AR
FOXK2 7E LT AE /N 28 Jf Jili ™) | 15 81 Jii 2 S5
Jeq V88 22 b SIS R ek T I S 2 5 T R 4
MG TE TR R B A AT N, IR E T B
] J5i #% 1k, Cepithelial-mesenchymal transition, EMT) 5
Wi e £ i P A 120 (HL A 08 SR , FOXK2 7E
CSEN 7L AN i T e S S U R B A o)
TS, 42 7 FLAE AN [F) S 1 b e v BE W R 4% (2
B ) Dy fe , AT RE R FE AR L N MAE R . H Al
FOXK2 7E 51 S48 Hh i) AR ) 2 Th Re i A A0 A N AT BF
FE, T 4 A A R B, FOXK2 75 9P L9 41 i
SK-OV-3 31k i 2% , PR G A TR 83 1o 4829 75 1 R AE
SK-OV-3 4l g+ it ¢ 18 FOXK2 J& [, W0 4% 5% 441
HABE VIR 1R 28 B I A EMT S8 AR W) 2247 NI
S, PRI HAE ML, 9 FOXK2 75 51 $98 1297 H 1)
AR S 2 KA

1 #MR5RE

1.1 et A £ 23X F]

9P S 9 SK-OV-3 4l B bk 9 AR 5256 % fR A7, 7E
10% Ji6 4= i A 55 % 2 1 DMEM 85 3= B v,
37 °C+5% CO, 56 N HE MBS 77

TRIzol. RevertAid First Strand cDNA Synthesis
Kit. Matrigel i fil SYBR® green PCR Kit %5 JiJ H Life
Technology /A 7] , Transwell /N = i H Corning A ] , #
Pt N\ FOXK2. i $it A B-actin F1 B AR i 4 16 2
(HRP) b ic (1) 2 Bt B BCE Bl fe Z 5008 3 Abcam 2
Hlo I DNA MNP E 4 MER A 5 58 .
1.2 pCCL-FOXK2 Jfi #5649 # 3 B 5 2

M NCBI H 45 2 7 353 FOXK2 %[5 ) mRNA ¥
H, Wit 5190 (% 1)@ i RT-PCR ¥ 48 3 I ik 5] 152 HE
(open reading frame, ORF) , i i BamHI F1 EcoR1i%
FE 21895 B 8K pCCL , #4k E.coli DH5a /& 52 2 41 il
SRAT E TR, i ) 4 a8 $RAR B v B, 126 58 4 I Y
25 ] E I DNA W7 DASGIE e R A P 500 5 T 1R )
FH 1 5 [ 5k il 44 9 pCCL-FOXK 2.
1.3 FOXK2 1% 7% # 69 4] & 5 3F SK-OV-3 4m i & & ¢

F 1895 5 L& R G0 3 M5k pMD2.G (3 pg)
pMDLg/pRR (5 pg) 1 pRSV-Rev (2.5 ug) , % — € Ltk
%1535 _E pCCL-FOXK2.pCCL 25 #iAA i ki % 12 pg
il & B A, N PELA R % 4« HEK293T 41 Al , Wi
£ 48 h M 4H R EIE W, 1 98 5 23 ) ik 4L 3 SK-OV-3
S DL AR AR I 4E I R, 23 AR SR Rk R S 2
PR G REZED o 78 58 0 B s T I Rkl K24
YR GFP 2k BH M , Uit B A% 955 B 1 2 4% 4+ SK-OV-3

A HFRE RIS, 18 Puromycin ffiE I AN HL T,
FEL I & , 43 7l i 4 N pCCL-FOXK2#1 Al pCCL-
FOXK2#2,

&1 314955

Tab.1 Primer sequences

Primer Sequence (5'-3")

FOXK2-ORF F: CGGGATCCGCCACCATGGCGGCGG
CCGCGG
R: CGGAATTCCTAGTTCTGGACACCCT

TTTCCC
GAPDH F: GGTGGTCTCCTCTGACTTCAACA
R: GTTGCTGTAGCCAAATTCGTTGT
FOXK2 F: CGTTCACTGCCCTGTCCAGC
R: CAGGCTGTGAGTTGTCAGCC
E-cadherin F: ACACTGCCAACTGGCTGGAGATTA
R: TGATTAGGGCTGTGTACGTGCTGT

f3-catenin F: GTTGAGCACCTGTTTGCCTGAAGT
R: TCAGGTTTGATCCCATCTTCCGCA
Vimentin F: GAGAACTTTGCCGTTGAAGC

R: GCTTCCTGTAGGTGGCAATC
Fibronectin F: CAGTGGGAGACCTCGAGAAG
R: TCCCTCGGAACATCAGAAAC

1.4 qPCR # ) SK-OV-3 %8 & F FOXK2 #= EMT #8
* & B A B mRNA & & &

Tk 2 38 ZH AN IR ZH 48 B T 100 mm 35 57 L 35
IR AL A I 80% B, N 1 ml ) TRIzol, 4% f8 1%k
73 BH A B AL 1) 7 V2 B B 5L RNA, {308 % 5% 3
PR LA 7 7224 Hi 4% 5% 0F cDNA, qPCR 97 3 %
FEAH H (35K FOXK2 il )y 2 36K GAPDH. 14 1%
SYBR" green PCR Kit i 7] 1% B 45 C ] 20 pul 74 &
PCRPRATRGIATH 1. PCRNZEAF:50 °C 2 min;
95 °C 10 min; 95 °C 15 s, 55 °C 30 s, 72 °C 30 s, &
40 MBI . K 22 LT A X B &, T FOXK2
B mRNA [ RIE & .
1.5 Western blotting # | SK-OV-3 & iz ¥ FOXK2
FHWEA

2 1 255 2 A R ZH 48 B £E 100 mm 35 57 ML
B IR B A TE 80% B, NN 600 pl 4R S8 ik 24
fift Jei » PRI AN i A B 1, 3T SDS-PAGE MR, 5% M
A4 P 30 min Ji5 , N FOXK2 (105 000)—#T,4 °C
i E . R, N HRP ARIT 2 1 A 2E 5L 4
ZHi(1:10 0000, IR NI E 2 h, iHBEE A ECL &
HEFNE R , GBI UG AL 53 BT )5 8 1 2% I K FEARL,
L B-actin NN S, 1T FOXK2 & H X R IX & .
1.6 CCK-8 5= 345 M) SK-OV-3 @ it 69 3% 74 f¢. /)

Tk 3% 98 4H =S A R ZE 41 LA FL 1< 10° 4
JOEE M T 96 fLEE TR, B S MR AL HigR1d
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Ji » Fo BRAR TR G bR 45V 20 SR AT SR U045 A , F B AR
AR DU K 7E 450 nm [ )6 25 BE (DO ME, T 5 40 i 3%
FEE=[(D w18 D s 2 ) (D D 2)1%100%0
1.7 RIEA A F BN SK-OV-3 2@ it 49 L 45 f

3ot I 2 AR HE ZH 248 it ] i 5x 10%/L 2 8k
i T 60 mm K5 7% ML A, 75 40 B I A FE 1A 80%~90%
i), 10 pl A Sk e FLAR T 22 EHRIR , PBS W 25 it 7%
41, FH RPMI 1640 ¥ 72 5L B TR E M B 9%, T 04
36,72 h A&, TH B RIR PO A M )T A PR B . RIR
IR =R 6 RIR %5 5 -36/72 h s RIJR % 5 D/JR 4G
RIJR 55 FEx100%
1.8 Transwell 5 3245 SK-OV-3 28 L6943 & f8. 7

ik 2 8 4 RIGE HE 2 400 PR 1) S 10%/L 40 PR 28Rk
H4 200 pl 40 A8 VB N A T SG B 4 Matrigel i 1)
Transwell L% W, T Z A& 10% It 4 1175 #5577
Ft, 48 h J5 F M 25 # 2% Transwell /)N = N Matrigel % ,
4% %2 TE WS [ 5E J5 , 0.01% 45 4 28 et 10 min J5 , T
I AT T (x40) T HUZE B Am Ak
1.9 o AL 92 3045 SK-OV-3 2a it 64 56 it Ak

iok 2 18 ZH X T 2 248 e ) 8 2 FEE 5 10%/L P48 M

A B
<
zZ
7
=
2
v FOXK2 w
o}
=9
e
< .
5 B-actin
«
3
g
~<
&

B, P 1 ml 41 o2 0 N fibrenection & 7 EL#% 1) 6
FUBR AR EE 9% 2 h, SR )5 H PBS 15 ¥ 3 0, 31 H 4% 2
FH I [ 5 1 0.01% 45 il 55 B 6, 7E AU T (x40) WL
SR, ST R gE A
1.10 %its it

IR S B 3 K. B SPSS 17.0 3
SR HEAT G i . EA DA iR R ML x+s
FoR , P 2L A) L3R FH A ST B A ¢ R 6 L A R 40 AR
PR =PI 225581 LA P<0.05 8% P<0.01 &R
ERAGE

2 4 R

2.1 I & K FOXK2 #9 SK-OV-3 4a itk

qPCR A 45 5 (B 1A) B, 56 4L R B,
FOXK2#1 1 FOXK2#2 4 Jitd 1 FOXK2 mRNA 7K ¥
I3 3 T 18.5 4% A1 21.9 4% (4 P<0.01) ; Western
blotting SLIEEE R (K 1B) {78 , FOXK2#1 Al FOXK2#2
4 M b FOXK2 & H /KP4l E 7 12.8 {541 19.3 £%
(B P<0.01) . 255K, 1900 B G e Ih i 2 1 ik
21X FOXK2 ) SK-OV-3 2 i #% -

* %K

_ N
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5

=<}

E~S

Expression of FOXK2 protein

(=]

“P<0.01 vs Ctrl group
1: Ctrl group; 2: FOXK2#1 group; 3: FOXK2#2 group
1 18R ERH SK-0V-3 4ffl/5 FOXK2 mRNA FEHKFE i
Fig.1 Up-regulation of mRNA and protein levels of FOXK?2 in lentivirus infected SK-OV-3 cells

2.2 T & FOXK2 M41& SK-OV-3 4@ it 69 3% 74 At
CCK-8 S5 45 (2 B, 5 x4 At ,
FOXK2#1 21 5 FOXK2#2 2H 41 Hfa 384 515 it 1 W 5. B& A
43 9 R X HE 411 36.4% F141.1% (3 P<0.01) . 45
R, i F X FOXK2 i [K 78 5 55 3 70 1 5P 3 98
SK-OV-3 2 Jfd (1) 38 5 i
2.3 i & FOXK2 M%1& SK-OV-3 i 69 i 45 #¢ 7)
MR RR G S 45 R (B 3D B, 72 h I
FOXK2#1 %1 5 FOXK2#2 #H ¥R T 7 5 5 1) A5 %t
HEZH 1) 65.8% H11 60.9% HH AR T- % HE 2H (35 P<0.05) .
gE R, 1 A FOXK2 # [X J5 U1 #L98 SK-OV-3 4]
M EF 8 1 3 PRI
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Proliferation rate (%)
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1 2 3

"P<0.01 vs Ctrl group
1: Ctrl group; 2: FOXK2#1 group; 3: FOXK2#2 group
B2 jd3Rik FOXK2 T SK-OV-3 4RAfE5E i 5201
Fig.2 Effect of FOXK2 overexpression on
the proliferation of SK-OV-3 cells
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Cell migration rate (%)
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1 2 3

"P<0.05 vs Ctrl group
1: Ctrl group; 2: FOXK2#1 group; 3: FOXK2#2 group
3 i@ F&RIA FOXK2 Xt SK-OV-3 AT # 200
Fig.3 Effect of FOXK2 overexpression on the migration of SK-OV-3 cells

2.4 it &3k FOXK2 M41% SK-OV-3 ta L 6912 £ 78 /) gk BRI, i £k FOXK2 A 5 5P 9% SK-OV-3 4
Transwell S2 56 45 5 (& 4) &7~ , FOXK2#1 41 5 T VAT E A 2
FOXK2#2 H 7 B 4o BB B/ b5 IR ZH (33 P<0.05) »

1000
750
500

250

Numbers of invasive cells

"P<0.05 vs Ctrl group
1: Ctrl group; 2: FOXK2#1 group; 3: FOXK2#2 group
4 FRIZFOXK2 3} SK-OV-3 R ZHI RN (Lh MR R E, x40)
Fig.4 Effect of FOXK2 overexpression on invasion of SK-OV-3 cells (crystal violet staining, x40)

2.5 it & A FOXK2 #2 3 SK-OV-3 it 6 2k It 7% 7 BOH T B2, 4y 0l 2 6 IR 2 5.3 6.8 %

BORs AR

2 B 6 B S 06 25 B (& 5) R, FOXK2#1 4 5 (1 P<0.05). £5RFH, i FRiA FOXK2 F [H#2 m= op
FOXK2#2 2H 2/ Jifd % B} 7E fibronectin £ 4% 3% 7% M. _E K BJm SK-OV-3 4 it A L B e

800 .
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600 .
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C I T A .

Cell adhwsion rate (%)

"P<0.05 vs Ctrl group
1: Ctrl group; 2: FOXK2#1 group; 3: FOXK2#2 group
5 1331k FOXK2 X} SK-OV-3 RS #2M0 (L5 R R R &, x40)
Fig.5 Effect of FOXK2 overexpression on adhesion of SK-OV-3 cells (crystal violet staining, x40)

2.6 it % ik FOXK2 & SK-OV-3 0 it F EMT 4= & 4% qPCR il 5 R (B 6) o, SxF A this, i &
mRNA & % ik % % 1A FOXK2 J5 SK-OV-3 4 il - )i b £ 4 E-cadherin £l
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B-catenin KA/ = (3 P<0.01) , 8] AR &4
vimentin 1 fibronectin F1& /K- 2 F#AK (1 P<0.01) .
iR, it %k FOXK2 % [N 5, BH 1k 99 19
SK-OV-3 4Hi g ) EMT #E£% .

300

%
%
ot 5k =2
200} Wz
100}
*** e s KK

E-cadherin  P-catenin Fibronectin  Vimentin

Relative mRNA lever (%)

=]

“P<0.01 vs Ctrl group
1: Ctrl group; 2: FOXK2#1 group; 3: FOXK2#2 group
6 I 3Ri% FOXK2 XF SK-OV-3 4Hffl EMT #r5 4 3R1& A2
Fig.6 Effect of FOXK2 overexpression on the expressions of
EMT markers in SK-OV-3 cells
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Wity L3020 40 B A () FOX Bk IR 15305 40 2
R, 35 2 A 1 FE AR ~F 1 DNA 45 & X 38, 7E VR 40
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