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B FOXD3-AS1 #= CDCAS ) & A , i it 40 Mo 5 157 ik 52 B L 40 I iE 45 55 B #= Western blot 4 SKOV3 4a #e 38 74 | it %
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[Abstract] Objective To explore the expression of LncRNA FOXD3-AS1 in ovarian cancer SKOV3 cells and the
mechanism of its influence on the malignant biological behavior of SKOV3 cells. Methods Fifty-five patients with ovarian
cancer diagnosed clinically in the department of pathology of our hospital from October 2020 to June 2021 were collected.
The expression of FOXD3-AS1, miR-325 and CDCAS in ovarian cancer tissues, paracancer tissues, SKOV3 cells and
TIOSES0 cells were analyzed by RT-qPCR. The expression of FOXD3-AS1 and CDCAS5 was knockdown by siRNA, the
proliferation, migration and EMT of SKOV3 cells were detected by cell cloning formation assay, cell migration assay and
Western blot. The relationships between LncRNA FOXD3-AS1 and miR-325, miR-325 and CDCA5 were analyzed by
miRanda, TargetScan and dual luciferin reporter assay. The proliferation, migration and EMT of SKOV3 cells were
analyzed after transfection with miR-325 inhibitor or co-transfection with pcDNA-FoxD3-AS1 and miR-325 mimics.
Results Compared with IOSE80 cells and paracancer tissues, the expression of LncRNA FOXD3-AS1 and CDCAS5 in
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SKOV3 cells and ovarian cancer tissues was up-regulated (P<C0.01), and the expression of miR-325 was down-regulated
(P<<0. 01), siRNA knockdown of FOXD3-AS1 and CDCAS5 inhibited SKOV3 cell proliferation, migration and EMT.
The downstream target of LncRNA FOXD3-AS1 is miR-325, and the target of miR-325 is CDCA5. After co-transfection
with miR-325 mimics, pcDNA-FOXD3-AS1 partially reversed the inhibitory effect of miR-325 mimics transfected cells on

proliferation, migration and EMT of SKOV3 cells. Conclusion

LncRNA FOXD3-AS1 expression was up-regulated in

ovarian cancer SKOV3 cells and affected the malignant biological behavior of SKOV3 cells through miR-325 /CDCA5 axis.
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ToH TR S R RE RO AL G A 5 R T
LR ZHGEF LW T L5 AR AR 1500~
30% . PRI AR 53 B9 598 1 K B ) B A TR 1Y
=, K8dE4i% RNA (Long non-coding RNA, In-
cRNA) J& — Ff & B8 2 200 A~ 4% 17 B 1 JE 4% 15
RNAW FE il % J v & ¥ 25 0 25 0 R 45 4 1
BE AW SE 220, — 26 IncRNA 78 51 U35 rh 7 76 5 3
W S5 THEE LR, W IncRNA TP73-AS1 i@ it
P MMP2 1 MMP9 i 1k 59 5 Ja 3% 55 #0545 &1
LncRNA DANCR # [i] miR-145 {3 B) &5 5 i 988 A=
KR A AR R . BFSE L & I LncRNA MALATI Af
Wit PISK-AKT & 42 42 i I Bz 1 O 55 98 3 78 Fn 4%
B, DL RS B, IneRNA B 53 %3k 5 B 4
R G R EAEA MK R, EEAHFR KA
IncRNA FOXD3-AS1 5 Z| i 4 19 I IR 1k e 41 560
Bk 1 IncRNA FOXD3-AS1 3 i 38 % miR-127-
3p/ WA E AW FE 28 Bl AR /N 20 i i s 1k
LncRNA FOXD3-AS1 i@ it ### RICTOR 4% AKT
W UE R A KRR 2T . SR, LncRNA
FOXD3-AST £ 51 59 vh (14 ¥ 76 20 F AL o AN 05 2
B A B 58 5 7E 48 1F LncRNA FOXD3-AS1 7E 5 &1
I ) FRIA B AE T SO AE R D BE ML L A R Sk B
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1.1 IGPREEAS Y 2020 4F 10 H ~2021 4F 6 H 3k
Bt T AR V15 119 B9 5 988 41 20 T 98 5% 0w A 414k 55 4,
JIT A I PR b A< N7 B R AP R R — SOC IR &2
RNA G388 . I B a5 A B 98 01 % 28 A1 TR)
BA . AR T IR B IS B2 5 A,

1.2 Jnik

.21 40k PS40 &R (SKOV3) ML IE &
P &L F Rz 40 2 (TOSES0) B [ 36 [ i 750 1 Bk A5 8¢
> (ATCC, Manassas, VA, USA), g 40 1E 7
10 % Ba 4= 135 i RPMI-1640 % % #£ (Gibco, Thermo
Fisher Scientific) %35, 7 4F 37°C.5% CO, g4k
BFRFah iR

1.2.2 RNA Zp #2800 E & PCR WA DP S0
ZH 200 40 B & b 8 B0 RNA, 33 5 5 5 cDNA, DU
cDNA R #E 17 qRT-PCR, Bl ¥ gAY T F
NFEIER. B FH UL 1, real-time PCR K5 & 1
H HA TaKaRa 23wl & UL B 4RAE . 735 I v 2% 14
{45 95°C WA M 1 min, 95°C WA 15 s, 60°C THids
P31 s, 45 NEFRL95°C WA M 15 s, 60°C il A% %
15 s, 95°CHIZEYE 15 s, BAFEMEEML 3 K. XK
27 2% 41 # LneRNA FOXD3-AS1, miR-325,
CDCASHAHXS ik,

£1 51MF5

Table 1 Primer sequences

514 £ 31 (5-3)
LncRNA FOXD3-ASI-F GGTGGAGGAGGCGAGGATG
LncRNA FOXD3-ASI-R AGCGGACAGACAGGGATTGG

CDCA5-F AAAGCCACCAACAGAAGG

CDCA5-R CCAGCCAGAAGTTAAAGG
GAPDH-F CGGATTTGGTCGTATTGGG
GAPDH-R TGCTGGAAGATGGTGATGGGATT
1.2.3 4%t L% FOXD3-AS1.CDCAS5 # [

i) siRNA (si-FOXD3-AS1) ., (si-CDCA5) . siRNA X%t
& (si-control) , miR-325 B[4 (miR-325 mimic) |15
P X IR (mimic control) \ miR-325 M)l il ] (miR-325
inhibitor) . 1 ] 7 %} i (inhibitor control) ¥4 B 7 [F
"M RiboBio 22 & . SKOV3 40 g LA 5> 10" 41 ffg/FL
B RN T 6 LA b TR Al B R . R
Lipofectamine™ 2000 (Thermo Fisher Scientific) ¥ J5i
BB GRS YL 31 SKOV3 4, 4y 48 h J5 W4
A0 M T IS 2253 Hr

1.2.4 Western blot SKOV3 415 F: O siRNA
NC.FOXD3-AS1 siRNA,CDCA5 siRNA 4], @ in-
hibitor control, miR-325 inhibitor 2. @ pcDNA-3.1
(+) + mimics control, pcDNA-FOXD3-AS1 + mimics
control, pcDNA-3. 1 (+) + miR-325 mimics., pcDNA-
FOXD3-AS1+miR-325 mimics 4. I SEFTHE Y. K A
Y 2SR AN M ) 2R AR B 48 1020 SDS-PAGE %% % %)
PVDF & 1. 76 5% B 4w rh 0] 2 h J5 4t E-
cadherin,N-cadherin i % 5 —$Hi7E 4°C T F i
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o RIG T BRAR 2o 480 Ak ) i s 30 19 L E T A 5 BT
P 1:5000 K1 2 b, AL 2% &G Mg T R -Piik 2
aY.

12,5 RFOL R MR & B G A s2 8 18
pGL3 Jit ki (Promega Corporation, Fitchburg, WI,
USA) 4 i FOXD3-AS1 58 # A BE af H 5 28 AL If:
1 TR 3 K U5 G R W AR T Ui i 44 pGL3-
FOXD3-AS1 ¥ A4 (wt) Fil pGL3- FOXD3-AS1 %48
Al (mut), [AFE, @ PCR §7 1 CDCAS & A7 i il
1) miR-325 %54 i s 8 & 28 7 419 3" UTR, Jf 4l A
pGL3 J& ki, Ay 45 4 pGL3-CDCA5- 3" UTR - wt Fl
pGL3-CDCA5- 3'UTR - mut, ¥4ty SKOV3 48
4y A : @ pGL3-FOXD3-AS1 wt + mimics control,
pGL3-FOXD3-AS1 wt + mimics control + miR-325
mimics, pGL3-FOXD3-AS1 mut + mimics control +
mimics control,pGL3-FOXD3-AS] mut-+mimics con-
trol+ mimics control 41, @ pGL3-CDCA5 wt+ mim-
ics control, pGL3-CDCA5 wt+ mimics control +miR-
325 mimics, pGL3-CDCA5 mut + mimics control +
mimics control, pGL3-CDCA5 mut+ miR-325 mimics
20, f#i fH Lipofectamine™ 2000 # 44 5 48 h W 3k 40
JHL o A8 B2 O 3R il 4t 5 i IR 3 ¥ & (Promega Cor-
FEDOCR B IEME . DL B SO0 2 IS
NS XK RS R B AT — k.

1.2.6 ZIMIERSCE  SKOV3 4145 K : DsiRNA
NC. FOXD3-AS1 siRNA., CDCA5 siRNA 4., ©
inhibitor control, miR-325 inhibitor 41, @ pcDNA-
3.1 (+) + mimics control, pcDNA-FOXD3-AS1 +
mimics control, pcDNA-3. 1 (+) + miR-325 mimics,
pcDNA-FOXD3-AS1+miR-325 mimics 4. %4t 48 h
JEAE 12 fUARC PR 1107 /em® B SKOVS 4
Mo 3 R A L RS B E 2 AL R 200 w1
o R K AR Sk 3 B T LRI T L R . R4 58 L
JRAEFJE I PBS V& Uk 3 U, K BRR T f9 40 i . 5 4508
BTG I Y SIS I (<2200 1Y 85 3R AL A i A
37°C.5%CO, KeFRAa i A% . SRS 7L Y 1 i [R] 2
W 0.48 h J5 U A0 A 7E OB T BT IR, ]
Image J BAFFTITE R )5 BEPLRI IR 6 2= 8 Z2KF-2k .
T 40 A 18] B B A R

L2.7 A eI st s SKOVS 41l 53« siR-
NA NC,FOXD3-AS1 siRNA,CDCA5 siRNA 4 ;in-
hibitor control.miR-325 inhibitor 2H ; pcDNA-3. 1(+)
+ mimics control, pcDNA-FOXD3-AS1+ mimics con-
trol, pcDNA-3.1 (+) + miR-325 mimics, pcDNA-
FOXD3-AS1+miR-325 mimics 41 747 5% 4, O

poration) il

B R 0 £ AL 20 B 43 i 0. 25 o 2R 1 i AR T
WCHT BB A 20 L I UL 40 B VR E 10 %6 iR 4 1 T 1
RPMI-1640 ¥ 37 W & . F 40 7t 2 3 B I 422
e SR ML, JF R e g fli dn i or w2y . & 37°C
5% CO, Bt AN B () A 15 2 50 P R 95 . M5 3R L
rh PR HR R A v B, R R B TE W B PBS N
RUE2 ). A% Z BT EEEEAA 15 min, K5 %
[i] 7 & B i GIMSA R e A 44 10 min, 2R J5 H
it 7K G248 2 g A0 U A I BRI 5D THECR T 10
A4 A ) B RE R

1.3 giit?# ot RH GradPad Prism 5.0 #{F if
TG0, i€ mBIEY U () R, B
2H B 2H LA b bl ek F SR 3R T 22 43 s 4 TR PR PR
FE# R ] LSD-t k5, P<<0. 05 B 22 F A Gt L.
2 #R

2.1  LncRNA FOXD3-ASI,miR-325 I CDCAS5 7§
GO A ZUR A P ) 25 S AR GE Sm s A 4UM L,
P S 20 21 rp FOXD3-AST A Xf 3 K 438 | (0=
26.16,P<<0.01), CDCA5 #f %f 3t PJ 635 E i (¢ =
27.03,P<<0.01), miR-325 M XT 2 N £ X T M (r=
25.43,P<<0.01); 5 TOSESO 4fi o #H . . SKOV3 41 Jifd
i FOXD3-AS1 A8 X} 5 R 3k I (1 = 22. 68, P<
0.01), CDCAS A X 2 A & ik b (1 = 23.54, P <
0.01), miR-325 AH X & K 3235 T I (¢ = 19. 67, P <
0.01), W% 2,

% 2 LncRNA FOXD3-AS1 2H .miR-325 H7#0 CDCAS A7E N E EHHA
FMARPHERREGx s
Table 2 Differential expression of LncRNA FoxD3-AS1, miR-325 and

CDCAS in ovarian cancer tissues and cells

15 { FOXD3-AS1 41 miR-325 4 CDCAS5 41
B 5 955 20 21 2.56+0, 420 0.34+0.07® 3.02+0. 780
9o 5 £ 41 1.08+0. 23 1.27=+0.83 1.35+0. 29
SKOV3 4l il 2.89+0, 75@ 0.56+0.16% 2.82+0.932
TOSES0 4 Jifs 1.48+0. 34 1.72+0. 34 0.94-0.07

T 544U 1. O P<<0. 015 TOSESO 41l g A [t . @ P<<0. 01

2.2 B FOXD3-AS1 Z354# SKOV3 41 i iy 14
Wi & EMT 5 siRNA NC 41 #f b, FOXD3-
ASI siRNA 4 FOXD3-AS1 %X A % %35 i 2% T
(1=28.93,P<<0.01); 5 siRNA NC 4 #f [t . FOXD3-
AS1 siRNA 21 SKOV3 4 g v f %k H 5 2 9 > (1 =
8.06,P<0.05), E-cadherin/GAPDH . { I & (¢ =
18. 45,P<<0.01), N-cadherin/ GAPDH {8 F ## (1=
19. 82, P<<0. 01) , 4l Jf ] JR /1 A BRIk (1 = 8. 23, P<
0.05) , 4% B8 B @ yd, FOXD3-AS1 # ik #l ] SKOV3
R I iE RS & EMT, LR 1.3 3,
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Figure 1 Knockdown of FOXD3-AS1 expression inhibited SKOV3 cell proliferation, migration and EMT
F: A RT-qPCR #l FOXD3-AST 38 % ik ; B. 41l 58 BT A 52 0 4G I SKOV3 i M4 51 C. Western blot £l SKOV30 4l EMT 2 (140 %) % ik 5

D. 2 SR A 92 s A I SKOVS 4 i i 7 1 L

%3 BUE FOXD3-AS1 RiA#H SKOV3 MM EB R EMT(x £5)
Table 3 Knockdown of FOXD3-AS1 expression inhibited SKOV3 cell proliferation, migration and EMT

2190 4 it 5w B A H (A 4l f R AL AR (X107 2) N-cadherin # ik E-cadherin ik #
siRNA NC 2 53.2449.14 48. 3848, 34 1.12£0. 64 0.9840. 23
FOXD3-AS1siRNA 4 36.45+8. 420 23.15+7. 540 0.34+0.139 1.7640. 279

.5 siRNA NC 4t , O P<<0. 05, @ P<<0. 01

2.3 LncRNA FOXD3-AS1 5 miR-325 i 4 ] 3¢ &

FOXD3-AS1 fl miR-325 2 [a] iy 4% & 5. WK 2.
pGL3-FOXD3-AS1 wt+miR-325 mimics 41 41 i 5%
5 pGL3-FOXD3-AS1 wt + mimics control
SHAHH B R (1=19. 27, P<<0. 01) , pGL3-FOXD3-
AS1 mut+miR-325 mimics 20 40 il 5% 5% 2 i i% M 5
pGL3-FOXD3-ASI1 mut+mimics control 20 #H It JC &
ARk (1=0. 68, P>0.05), I, 35 4,

'

FOXD3 -AS1-wt 5 -GGCUAUUGAUUAAUCUACUAGA-3

miR-325 3-UGUGAAUGACCUGUGGAUGAUCC-5'

'

FOXD3 -AS1-mut 5'-GGCUAUUGAUUAAUGAUGAUCA-3

& 2 IncRNA FOXD3-AS1 5§ miR-325 fy#E @ X &
Targeting relationship between IncRNA FoxD3-AS1 and
miR-325

Figure 2

% 4 IncRNA FOXD3-AS1 5 miR-325 By #B [ % & (x £5)
Table 4 Targeting relationship between IncRNA FOXD3-AS1 and miR-325

pGL3-FOXD3-ASlwt+

pGL3-FOXD3-ASIwt+

PGLS FOXDS-ASImut+ pGL3-FOXD3-ASImut +

T H .. mimics control+ mimics control+ . o

N 4 - 4
mimics control 4 miR-325 mimics 24 mimics control ZH miR-325 mimics 2

PEN R TG 1.43+0. 179 0.42+0. 23 1.04+0.23 1.16+0.45

¥ 5 pGL3-FOXD3-AS1 wt+mimics control 444 . . D P<<0. 01

2.4 FI miR-325 {2iF SKOV3 41 il (1 1 51 =258 K
EMT & inhibitor control ZH#H [t , miR-325 inhibitor
4 miR-325 AHXF Kk W F T (1 =28. 93, P<<0.01);
5 inhibitor control #H #H Ikt , miR-325 inhibitor #H
SKOV 34 il 5 b 4 H 3 1 m (1 =9. 76, P<<0. 05) ,

E-cadherin/GAPDH . {H T 8 (+=23. 78, P<<0.01),
N-cadherin/GAPDH [ I i (1=24.52, P<<0.01),
I R AT A % E R (1=9. 35, P<<0. 05) , 45 F 130 B ik
W miR-325 2 354 ¥F SKOV3 40 g i 3% 5l L 1T B &
EMT., UK 3.5 5.
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B 3 TiF miR-325 {2 # SKOV3 4 A1 % B2 & EMT
Figure 3 Down-regulation of miR-325 promoted the proliferation, invasion and EMT of SKOV3 cells
I : A RT-qPCR #ll miR-325 ik ; B. 41 52 B B S 30 46 I SKOV'S 41 g 34 ; C. Western blot #1ll SKOV30 £i g EMT #& (H AR £ 155 D. 41

WR A& LA SKOVS 2 g 3E B 17 L

£ 5 TA miR-325 {2 SKOV3 R85 2R K EMT(x +5)
Table 5 Down-regulation of miR-325 promoted the proliferation, invasion and EMT of SKOV3 cells

Bl M e RE R H (A

iR IR A F (X107 2)

N-cadherin ik & E-cadherin ik

inhibitor control ZH 76.89+8.15

miR-325 inhibitor 2 120.54+12. 359

43.78+7.12

63.87+6.159

0.97+0.12 1.35%0.78

2.0340. 459 0.2140. 029

7 : 5 inhibitor control £ 4H It , D P<<0. 05.@ P<0. 01

2.5 [ LncRNA FOXD3-AS1 i@ i miR-325 {i i
SKOV3 40 il (Y 3 58 . i #% K EMT 5 pcDNA-3. 1
(+)+mimics control ZH #f [t , pcDNA-FOXD3-AS1 +
mimics control ZH 40 g 5 [ %% H & 3 1 n (1 =26. 53,
P<<0.01), A L )y @ 5 % L (1=8. 21, P<<0.05),
N-cadherin/GAPDH [ {f & 2 [ (r = 18.26, P <
0.01),E-cadherin/ GAPDH . {f & 3 T # (1 =19. 65,
P<0.01) ;pcDNA-3. 1 (+) +miR-325 mimics ZH 20 Jig
TERERCH > (1= 20. 14, P<<0. 01) , 41 i %1 9K Ar

A BB (1= 10. 02, P<<0. 05) , N-cadherin/ GAPDH
Fb A 25 F I8 (1= 22. 45, P<<0. 01) , E-cadherin/ GAPDH
FEAB W2 1P (= 25,23, P<<0.01); 5 pcDNA-3. 1
(+) + miR-325 mimics 2 #f k. , pcDNA-FOXD3-AS1 +
miR-325 mimics 2 2l B 52 B 40 H 2 3 35 0 (1 =7. 98,
P<<0.05) . A L IR A& % B I (1=9. 23, P<<0.05),
N-cadherin/GAPDH [t {H W & b 8 (1 = 27.54, P <
0.01),E-cadherin/ GAPDH H.{f & 2 T (1= 24. 83,
P<0.0D), W3 6. .[& 4,

% 6 _Eif LncRNA FOXD3-AS1 i# & miR-325 {2 3 SKOV3 185 EB K& EMT(x £5)
Table 6 Up-regulation of LncRNA FOXD3-AS1 promoted SKOV3 cell proliferation, migration and EMT through miR-325

Eigil] 4 SERER H ()

A RIR @A (X107

N-cadherin ik # E-cadherin ik #

pcDNA-3. 1(+) +mimics control £ 78.95+9. 34

pcDNA-FOXD3-AS1+ mimics control 2 145.784+10. 239
pcDNA-3. 1(+) +miR-325 mimics 4 43.56+6. 789

pcDNA-FOXD3-AS1+miR-325 mimics £ 75.68+8. 729

50. 23+8. 54 1.0140. 05 0.92+0.03

70.85+9, 780 2.32+0.679 0.2340.052
20. 1246, 540 0.21+0. 049 1.87+0. 212
38.7943.569 0.93+0. 439 0.86+0.04®

5 peDNA-3. 1(+)+mimics control 41 4H [t . @ P<<0. 05, @ P<<0. 01; 5 pecDNA-3. 1(+)+miR-325 mimics 41 4H [t . @ P<<0. 05, @ P<<0. 01
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PeDNA-3.1(+)+ peDNA-FOXD3-ASI peDNA-3.1(+)+ peDNA-FOXD3-ASI
mimics control4]l  +mimics controlZ] miR-325 mlmlcséﬂ +miR- 325 mimicsZ]

pcDNA-3.1(+)+ pcDNA-FOXD3-AS1+
mimics control4] mimics control4]

L

B 4 i LncRNA FOXD3-AS1 i# i1 miR-325 {2 # SKOV3 s F B K EMT
Figure 4 Upregulation of LncRNA FOXD3-AS1 promoted SKOV3 cell proliferation, migration and EMT through miR-325

TE - AL 40 SO B TR i S 3 A6 N SKOVS 4l i 35 5 5 B. Western blot #:J1f SKOV30 41 /itl EMT 7 F1AH XF 2 3% 5 C. 40 i RlJR i & S 36 46 SKOVS 48 Jifg i
B0

2.6  miR-325 5 CDCAS5 iyl e &2 CDCAS i
miR-325 ZZ 8] i 45 & 7 45, L 5. pGL3-CDCAS wt+
miR-325 mimics 41 40 il 2 6 & B 36 £ 5 pGL3-CD-
CA5 wt+ mimics control ZHAH It .3 F 8 (¢ =17. 83,
P<0.01); pGL3-CDCA5 mut+miR-325 mimics ZH 4
Moo 62 B G 4 5 pGL3-CDCA5 mut + mimics con-
trol 40 H TG i 3 A4k (¢1=0. 73, P>0.05), W3 7,

%7 miR-325 5 CDCAS f#BE X & (x +5)
Table 7 The targeting relationship between miR-325 and CDCAS

E-cadherin

N-cadherin

® GAPDH

pcDNA-FOXD3-AS1+
miR-325 mimics#]

pcDNA-3. 1(+)+
m1R 325 mimicsZ]

CDCA5wt 5'- UGAAGAGACCCAGATTT TT | TC -3
miR-325 3'-UGUGAAAGACCUGUGGAUGAUCC 5'
CDCAS5 mut 5'-UGAAGAGACCCAGAUCAACCGGC-3'

B 5 miR-325 5 CDCAS B[ % &
Figure 5 The targeting relationship between miR-325 and CDCAS

pGL3-CDCASwt + PGLS-CDCASwt PGLS CDCASmut pGL3-CDCASmut +

I H L mimics control+ +mimics control+ . .
N 4 - 4]
mimics control £ miR-325 mimics 41 mimics control 4] miR-325 mimics 2
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Table 8 Knockdown of CDCAS expression inhibited the proliferation, migration and EMT of SKOV3 cells
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Figure 6 Knockdown of CDCAS expression inhibited SKOV3 cell proliferation, migration and EMT
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