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4R RNA (circular RNAs, circRNAs) f&—2k 4k
Hr A FRARAE S 5% RNA L BEA & 37 F1 57 R o, 1%
A polyA FE 454, Hb 2k 1 RNA B it 52 RNA i 7
b, 2P I T R A RS 3 B Y S0 AN A
H SR 28 1Y cireRNAs 7] DLE 4 Iped gE s o 88
FERNEAT T A2 75 T cire RN As 3 35 95 11 52 ) =7 390
o A0 AT M, B TNF-o Ab B HeLa 400 ) 38 1 55
1 I 2 W cireWBSCR22 ik K- THE , IE R A
5% & 30 38 2 % B 680/ RNA (microRNAs, miR-
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NAs), FE M52 miRN As X 8 358 ] 30 VB T, DA
PRI FUE AN R AR 22

1 #ME57E

1.1 FEHRSMNE NETUEANER HeLa 41
Mg A i ATCC 4R L)% o cireWBSCR22 Fl1 FAM60A
Ik & ks B AR A B H B PR X BR 28K peDNA3. 1
(pecDNA)/pshR-NC, miR-512-5p mimic (miR-512-
5p) K M3 P XF M miR-NC. miR-512-5p inhibitor
(ASO-miR-512-5p) K BF M X] B ASO-NC ¥4 iy I 1hg 3
FHA A BR S B4 L. RPMI-1640 5% 3% 57016 45 1L
i (fetal bovine serum, FBS) 4 [ 35 [E GIBCO A 7 ;
TNF-a. PU B A8 (% 3 (tetrazolium salt, MTT) .
FH 3L K (dimethyl sulfoxide, DMSO) 45 & 48 YL
PVDF [ TBST BERR W I F 138 = KA FH A
[ 2 &] lipofectamine 3000, TRIzol . TEMED IANEES
[ Invitrogen 23 & s RNA 4325857 &5 4 H 3E [F Active
motif 23 7] ; SYBR Premix Ex Taq i 7] &M {4 H 74
TaKaRa A &) ; Millicell® cell culture insert W4 [ &
Billerica MA 2 #] 5 Matrigel B [ 32 B BD Biosci-
ences 2\ f] 5 GAPDH $L1& . FAM60A Hii{& \HRP 5 ic
i ZPi W B R HEFE IR A 9 24 w5 Pierce Renilla
Firefy %% ' 2 iff X 5 I 22 3 77 &5 0 1 3 [ Termo
Fisher Scientific A7) o A% 3548 M B 35 [ Thermo
Forma 23 ) ; {8 & 62 B 3 H A NiKon A A .
1.2 FHik

1.2.1 a3z b3 7554 8% a2 i
100 pg/mL 5555 2 A1 100 1U/mL 75 %5 Z i RPMI-1640
B R B35 B E T 37 C& 5%CO, 555481
M5 FE 40 h 5 AN A 60 ng/mL TNF-a, /FFH 8 h it 4
Y, JC TNF-a Ab FEASCA X HR A

1.2.2 wmfask g nm  $ N E SR HeLa 4042
i E 6 fLA P, £ lipofectamine 3000 12 771 KF 5 2%
T R YL 51 HeLa 4L v, 3753 B Control £H (JC TNF-
a A FE) (TNF-o 41 (TNF-o 40 3 ) | peDNA 41 (5% e
pcDNA) . pshR-NC 41 (% 4% pshR-NC) . circeWBSCR22
2H (5 Yt cireWBSCR22) | pshR-cireWBSCR22 £ (%%
Y& pshR-circeWBSCR22) \miR-NC 21 (54 4% miR-NC) .
miR-512-5p 2 (%% Y miR-512-5p) . ASO-NC 4 (% ¢
ASO-NC) . ASO-miR-512-5p # (#£ ¥ ASO-miR-512-
5p) FAM60A 21 (%% 4 FAMG0A ) . pshR-FAMG60A £
( %% Y& pshR-FAM60A) | pcDNA+miR-NC 41 ( #% §¢
pecDNA+miR-NC) . pcDNA+miR-512-5p 4 ( %

pecDNA+miR-512-5p) | circeWBSCR22+miR-512-5p 21
(%5 Y4 cireWBSCR22+miR-512-5p) .

1.2.3 1% 4 3% 3% & £ PCR (reverse transcription
quantitative polymerase chain reaction, RT-qPCR) #&
M circWBSCR22 ,miR-512-5p #= FAM60A #) RNA &
B KA NE SR HeLa 40 14 50 2 6 LAk
A I A R 1 1 1) 809%~90% It ] TR1zol 15X
P IBUE RNA 4% JEGe Sl R) & 20 BROKE RNA 3
T 5% 7 cDNA. i id SYBR Premix Ex Taq 57 £k
FT RT-qPCR 3o W25 F : BAEHE 94 °C, 10 min;
PE94 °CL15 s5iH k58 °C,30 s; SEfH1 72 °C,30 s, 3
40 NG . AR R RT =4 (¢cDNA) 1.0 puL, 5
pmol/ul. B/ F 51 ¥ 45 1. 0 pl, 2x UltraSYBR Mix-
ture 7. 5 pL, IMAGE KA 2 15 ulo Al 2722r 550
A FED mRNA AT F k7K, DA B i sh & 1 (B-ac-
i) I AS . SIS &R L.

*1 5|3

Tab.1 Primer sequences
Gene Primer sequences

F: 5'-CTGCCATGCTGGGTGAGGCTGTG-3"
circWBSCR22

R: 5'-GCAGATAAAGAAGCTCCAATGCTC-3’

F: 5'-CACUCAGCCUUGAGGGCACUUUC-3’
miR-512-5p

R: 5'-AAGUGCCCUCAAGGCUGAGUGUU-3"

F: 5-CTCCAGTTCTCGATTCACTGAC-3'
FAM60A

R: 5-CGAGTCTCATGCAATCCAAAACA-3'
Beacti F:5"-CGTGACATTAAGGAGAAGCTG-3'

-actin

R: 5'-CTAGAAGCATTTGCGGTGGAC-3’
s F: 5'-TCACTCCACGGTCGTACTT-3"

R: 5'-GCAGATCCTCACCGATTACGG-3’

1.2.4 BRARNAS B  RIGULEH B E R RNA
V240 it 4 5 3 0] 4 241 HeLa 40 9 LA 3 25 40 L A% A
4 i BT RNA

1.2.5 Western blot # M FAM60A &) & & % ik /K
P YL A8 h T, 1x PBS Yk 4 M 2 Yk, 120 uL
RIPA Z& i /£ 4 ‘CZ4f# 30 min, g SDS-PAGE ¥
SR Y o B T B PVDE B o 5% it
JEFLEA 2 h )5 K PVDF IS —$iE 4 CTFIHE
o — i W F : FAM60A (1:200) , GAPDH
(1:3000). F TBST¥# K PER)S  F PVDF i 5 4t
(43 F- 0% 1gG-HRP, 1:5 000) M & 2 h, i3 i 14 i
b2z R IE(ECL) RN o i3 Image) X351 5% B HE 4T
k.

1.2.6 A FBEIRE KR %8 5 3E miR-512-5p
5 circeWBSCR22 % FAMG60A # %2 & % 2 i@ id
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Circinteractome %5 3% JZ T M miR-512-5p 5 circeWB-
SCR22 (T AELS A7 5, i3 Targetscan £ 22 T
miR-512-5p 5 FAMGOA f e S5 G0 . ¥ &4
miR-512-5p &5 & 1 25 B9 cireWBSCR22 1, FAM60A
3'-UTR BYEF AR5 AE P 3, 43 A A B 586 &R
B #4520 AK pGL3 H , #y 2 BF A= AU R (cire WB-
SCR22-WT 1 FAM60A 3'-UTR-WT) Fl & A% 5 fiii i
(cireWBSCR22-MUT F1 FAM60A 3'-UTR-MUT) ., i
e W i ) 9 ) 22 R A SR R 2 AR FT miR-NC  miR-
512-5p ., ASO-NC ,ASO-miR-512-5p 355 4L 31| HeLa 4]
M. WFE 24 h 5, AR 8 Pierce Renilla Firefy WL E
it XS I ) A A0 R o O 3R TS
1.2.7 MTT 340 aa e & Y24 hg B
21 i 42 0 21 96 FLAR (4 000 4/FL) H , R4S 52 56 20 4
FESAEESL, A8 MR 5 (24,4872 h) il
AMTT(10 wWL/AL) , H4E37 C R FE 4 h, EF7Es
FRH T A DMSO (100 /AL ) LAY T VE 4 R 5k
Wiz o i FE i A S A U 570 nm Ak 19 W G B (absor-
bance, A)(Ag,) -

1.2.8 LR S g shife h  FEfkE Y
J5i 24 h, K HeLa (400 /~/4L) 20 fa 42 Fp 2] 12 FLAR o
B4 d e PO EER RS . 285, Ix PBS PR
Y2 W, FHZS R gL, SR 5 T 53 A i 4 v E
1.2.9 Transwell 52 346 29 fe iE 45 o2 2 58 5

18 12 Transwell /NZE (8. 0 wmol/L FLAE ) A6 441 it i £%
MR ZEHE 11, Hodh i A Matrigel F T2 285256, AN
A Matrigel F FIiER 5000 o 492 ¥R 1 5L e 5 TC il
AL B IR (1:6) IR A, #5717 3] Transwell %= (45
ul/Z= ) IEAE 37 CRHE 2 h LLEIfE . F% HeLa 4
i (6x10* H FiE# , 8x10* FHl T2 78 ) & T 200 pL
TCIMLE RPMI-1640 572 36 mh R #efh 8] E=rh . M
600 ul. RPMI-1640 5% &% A 10% FBS [#) DMEM X% 3%
BT 553248 hsi 72 h5, F X PBS vhi T
JiE |, FAAR 2C #0255 R s bR R IE R sl R A7 A B 41
JEL, 3 750 [ W CAREREG A 12 3 00 DK S R i
M5 ) [ 22 20 min, £ 2% 45 S YL {6 5 min J5 , 7F
Nikon TE2000 & i85 F XF 5 ANBEMLIE £ M 7 517
WG TS E R 3K,

1.3 SEit&E g SC s 44 A GraphPad
Prism 9. O 8P HEAT , WAL IE] L8R FHAE O X ¢ 4656
Z A ] FCBCR R IR 2R 07 22 0 W o A o 1 54
¥R R E AR HE 2 (x2s) o P<0.05 H2ZEFA

Gt o BASEAIREL 2D 3.
2 #HR

2.1 TNF-a 3 circWBSCR22 3 i& 7k ¥ #4 2 i
TNF-o 2b 5 5 HeLa 21 il /5 447 RT-qPCR 5240,
5§ Control #H I, TNF-a. 4 cire WBSCR22 F ik /K T
1 (P<0.05) , WLIEl 1A, #% 5T RNA 43 & X & RT-
qPCR LB 45 2 7R 294 66% 1) cireWBSCR22 fi T
AT, 3278 cire WBSCR22 32 5 5 v T 40 Jifd S5t o
JLIE 1B,
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Fig.1 Expression level and cellular localization of
circWBSCR22 in HeLa cells after TNF-o treatment

A: RT-qPCR was used to detect the expression level of circWB-
SCR22; B: Nuclear-cytoplasmic RNA separation experiment combined
with RT-qPCR was used to detect the expression levels of circWBSCR22
in the nucleus and cytoplasm; a: Control group; b: TNF-a group; c:
cireWBSCR22 group; d: U6 group; e: B-Actin group; ~P<0. 05 vs Con-

trol group.

2.2 CircWBSCR22 3} 5 314% HeLa 40 i1 2 702
ZRENHIEN  RT-qPCR SEE 451 B M T4
B %t IR, 3 IR 4 cire WBSCR22 % ik K F 715
(P<0.001) , fRE2H cireWBSCR22 ik 7K - AR (P<
0.01) , FRWI i Feak Ko m B oA A8 EE ), UL BT 2A
Transwell 5% K 45 5 13 7R« cireWBSCR22 4 ‘5 #i i
HeLa 41 i (93 £% (P<0. 01) Fl{Z 22 (P<0. 01) % H 3
1 T peDNA 41 5 pshR-cireWBSCR22 41 7 #iJ#% Hela
0 )R8 (P<0. 01) Fl{2 28 (P<0. 01) %4 H %% pshR-
NC 2y /0, W 2B . 2C. MTT 256 F1 5 [ T il 52 56
g R 54 AXTHRAAA L, cireWBSCR22 41 il
pshR-cireWBSCR22 £ 5 il Ji HeLa 41 Jil i) 15 3 F1 40
Ji 3% B fiE AR A 22 ST R L, LI 2D 2K
25 TR cireW BSCR22 i 1 £ U HeLa 401 (19 1T
B RN 42 22 B8 77, X 20 JfL 3% 4 RN 40 if 34 5 g ) JC
Al

2.3 CircWBSCR22 ¥ Bft 7 8 #= miR-512-5p &%
JKFE  CircInteractome ZHE 3 T 25 5 1 7R cire WB-
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Fig.2 The effects of circ WBSCR22 on the migration, invasion, viability, and proliferation of cervical cancer HeLa cells

A: RT-qPCR was used to detect the overexpression of circ WBSCR22 and the effectiveness of knockdown plasmids; B: Transwell migration assay

was used to detect the relative number of migrated HeLa cells and microscopic images (crystal violet staining X100) were shown; C: Transwell invasion

assay was used to detect the relative number of invaded HeLa cells and microscopic images were shown (crystal violet staining X100) ; D: MTT assay

was used to detect the effects of circWBSCR22 on cell viability; E: Cell colony formation assay was used to detect the effects of circWBSCR22 on cell

proliferation (crystal violet staining) ; a: pcDNA group; b: circeWBSCR22 group; c¢: pshR-NC group; d: pshR-circeWBSCR22 group; ““P<0. 01,

0. 001 vs pcDNA group; #P<0. 01 vs pshR-NC group.

SCR22 FllmiR-512-5p HA Z5G 00 5, WK 3A . W
It 2R il A 5 PR S B 25 AR R < 7F cireWBSCR22-
WT %% YL 1) HeLa 40 i P , 55 miR-NC 20 AH It , miR-
512-5p AR 9851 3 1% PR FE AL (P<0. 01) 5 5 ASO-
NC 2H b #¢ , ASO-miR-512-5p 2H 9% 6 3% 7 T+ &5 (P<
0.05) . T 7E circeWBSCR22-MUT % 4% 1Y) HelLa 41 g
& Z [ TG P25 F RG24 3, LRI 3A

Fhh HEE B HeLa 0, 5 peDNA 4UAH EE , cire-
WBSCR22 £ miR-512-5p ik /K FFE Ik (P<0. 01) ;
5 pshR-NC 41 # kb , pshR-circWBSCR22 41 miR-512-

«Y*

Sp Rk AKFETHE (P<0.05) , WLIF 3B, 45 AR cir-
¢ WBSCR22 W fff miR-512-5p H-FEAK H ik K .
2.4 miR-512-5p ¥t & #i & HeLa T 22
BENRIR I AR RE SR LI A5 R WOR AR LT
miR-NC 4, miR-512-5p 25 #0145 HeLa 48 (P<
0. 01) F{278 (P<0. 05) B 41 B £k /b ; 4 L T ASO-
NC 2l , ASO-miR-512-5p 2H ‘& %% HeLa 40 M3 1T 7% (P
<0.01) FI{= 28 (P<0. 01) 1Y 41 Jl B3 2, UL BT 4A

B. 2548 miR-512-5p 4] & #iE Hela 20 i 1T
@%ﬂﬁ%‘%ﬁ‘é
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A CireWBSCR22-WT  5'-UGGCUGUGGCACUGGGCUGAGUG-3' B

miR-512-5P 3'-CUUUCACGGGAGUUCCGACUCAC-5'

circWBSCR22-MUT 5-UGGCUGUGGCACUGGCGACUCAG-3'

5 -
#  [JcircWBSCR22 -WT

4—|; [JcirceWBSCR22 -MUT

Relative luciferase activity

| [ EEpr

a b ¢ d a b ¢ d

251

20k l

15F

AN

0.5F

miR-512-5P relative expression

B3  CircWBSCR22 IR Bft 72 miR-512-5p A K F
Fig.3 CircWBSCR22 adsorbed and regulated the expression level of miR-512-5p

A: Dual-luciferase reporter gene assay was used to verify the targeting relationship between circe WBSCR22 and miR-512-5p; B: RT-qPCR was used
to detect the effect of circeWBSCR22 on the expression level of miR-512-5p; a: miR-NC group; b: miR-512-5p group; ¢: ASO-NC group; d: ASO-miR-
512-5p group; e: pcDNA group; f: cireWBSCR22 group; g: pshR-NC group; h: pshR-cireWBSCR22 group; “P<0. 01 vs miR-NC group; *P<0. 05 vs

ASO-NC group; 22P<0. 01 vs pcDNA group; “/P<0. 05 vs pshR-NC group.

2.5 miR-512-5p ¥8[6 H A FAM60A &Rk 7K F
Targetscan A0 ¥& JE T I 4% S 1 /R miR-512-5p 5
FAM60A FFTELE G 1, ULIEI SA . WU K il e Aty
FE R 286 45 5 R  /E FAM60A 3'-UTR-WT 54 L 1)
HeLa 4, 5 miR-NC ZHAH L , miR-512-5p 415
TG PE R B (P<0.01) ;5 ASO-NC 4 A I , ASO-miR-
512-5p 4 % 6 1% P T (P<0. 01) o i 7 FAM60A
3'-UTR-MUT #; Y% () HeLa 40 i rf , & A X} 92 R
T2 TG, IR SA . S 4h, 168 S
HeLa ZH i, i 2635 miR-512-5p i FAM6G0A ) RNA
(P<0.05) FlI 8 1 (P<0. 01) F ik K FF [, ifii £ 14
miR-512-5p Ji& W F+ & T FAM60A fi) RNA (P<0.01)
I H (P<0. 01) E B K-, WK 5B.5C, 45 RN
miR-512-5p #L5E FAM60A Ff-3Mfil Higeik

2.6 FAMG0A ¥t 'S i JE HeLa AT B A2 24
IR Transwell SCE 45 R 7R : 5 peDNA ZHAH
[t , FAM60A 20T # (P<0. 01) {228 (P<0. 01) (48
#J HeLa ZH AL H I 2 5 5 pshR-NC 4 # b, pshR-
FAM60A 21 i # (P<0. 01) Fll{Z 28 (P<0. 01) () & %
Jiti HeLa 40 f0 8 Hpdi /b, WLIEL 6. 45 54278 FAM60A
& 1 50095 HeLa 20 MR RS AR ZERE T o

2.7 CircWBSCR22 i# T miR-512-5p/FAMG60A %
31 'S 319% Hela @ T B ANEZEE M F I RT-
qPCR 5 5 F1 Western blot 55 5 45 5 & 7~ « 47 b T
peDNA 41 , i3 23K cireWBSCR22 J5 FAM60A f) RNA

(P<0.01) FlIEE 4 (P<0. 05) ik KT s M HE T
pshR-NC 41 , % circeWBSCR22 7 FAM60A i RNA
(P<0. 05) FIEE 1 (P<0. 01) F KK FREAL, WLIE 7A
TBo or AW RS S R AH HE T peDNA+
miR-NC 41 , pcDNA+miR-512-5p £ FAM60A (1) RNA
(P<0.01) F1%E 1 (P<0. 001) 235 /K VB 41 H T
pcDNA+miR-512-5p 4 , circeWBSCR22+miR-512-5p
ZH FAMG0A ) RNA (P<0. 01) A4 14 (P<0. 001) ik
TG, WKL 7C 7D, [RRE, 40T e 2 ke St 5
SR A EE T peDNA+miR-NC 41 , pcDNA+miR-512-
5p HiT#% (P<0.01) Fl{2 2 (P<0. 05) 1Y 21 Mo %5 H 1
/L5 M T peDNA+miR-512-5p 41 , cireWBSCR22+
miR-512-5p 2 1T % (P<0. 01) Fl{= 22 (P<0. 05) 1 4
Mg H¥G 2%, WK TE TF,

3 itig

EARFTES R AE P ¥ 15 IR e & A ok
2 S BOK & JE 4 79 RNA (noncoding RNAs,
ncRNAs) [ 525 1k, 65 20 i P 20 s 9 3
IR BN I . A SIE R B Y G
J5T, TNF-o 7 A AEAH PRI vh R FE L EIIRE . N
R IT TNF- o 15 I8 240 1 v A9 75 2 5 A cireRNAs
25 55 60 ng/mL TNF-a 4b ¥ HeLa 20 jifg , i 1
1 308 2 P AGH I O 23 S A 1Y cire RN A, 4524
27 cire WBSCR22 /KF- T i B o A b o il i 3 o



694 - ZHEA K FFIR Acta Universitatis Medicinalis Anhui 2026 Apr;61(4)

3_
it
-
: T
5
5]
(5]
© 2}
Q
z
3
8
5]
-
.20
g
o 1F
2
= sk
[}
~ ﬁ
0
a b c d
3_
g #
g T
5]
Q
5 2t
jo)
2
w)
&
>
=]
R=
ER|
g «
S T
[~
0

Fig.4 The effects of miR-512-5p on the migration and invasion ability of cervical cancer HeLa cells
A: Transwell migration assay was to detect the relative number of migrated HeLa cells and microscopic images (crystal violet staining X100) were
shown; B: Transwell invasion assay was used to detect the relative number of invaded HeLa cells and microscopic images (crystal violet staining X100)
were shown; a: miR-NC group; b: miR-512-5p group; c¢: ASO-NC group; d: ASO-miR-512-5p group; "P<0.05, “P<0.01 vs miR-NC group; #P<
0. 01 vs ASO-NC group.
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Fig.5 miR-512-5p targeted and regulated the expression of FAM60A
A: Dual-luciferase reporter gene assay was used to verify the targeting relationship between miR-512-5p and FAM60A; B: RT-qPCR was used to
detect the effects of miR-512-5p on FAM60A mRNA expression level; C: Western blot experiment was used to detect the effects of miR-512-5p on
FAM60A protein expression level; a: miR-NC group; b: miR-512-5p group; c: ASO-NC group; d: ASO-miR-512-5p group; “P<0.05, “P<0.01 vs
miR-NC group; #P<0. 01 vs ASO-NC group.
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Fig. 6 The effects of FAM60A on the migration and invasion ability of cervical cancer HeLa cells

A: Relative migration cell count and microscopic image (crystal violet staining X100) of HeLa cells detected by Transwell migration assay; B:

Relative invasion cell count and microscopic image (crystal violet staining X100) of Hela cells detected by Transwell invasion assay; a: pcDNA group;

b: FAM60A group; c: pshR-NC group; d: pshR-FAM60A group;

SN DR 78 e v gV P B 700 kR0 2 ) S B
TNF-ou fift FH 751 124 FH B[] B A 45 A [] £ JHC R
e NEliE SR GAVINTY. 2 Z NI LR/ E S
CircRNAs 5F9E 1) &4 K R EDVIME, B A K
ST W Z Fh cireRNAs & HE 0 500 7R
[, 765 008 TP 55 #2381 cireRNAs 1] DLSZ M)
JifJeg F R, e A0 A0 B P 2 B R Y cireRNAL
PLEKHM3 0] L4y 2 8 009 40 A 0 b Bz [\] i &%
I SRR ST cire WBSCR22 2 15 52 M ‘B 2 s 1
AT T — RV ML e S0 . SLgn 25 R W
3K cire WBSCR22 i i 5/ 3 i HeLa 4 Al (1) 11 3% Al
1278 , (5 XF 200 0 755 1 R 440 i 34 4 BE 0 TG B R
[N I Ji5 A AT 78 FN R 28 5505 . CireRNAs 7] fE
S miRNAs “VEAR " P45 A0 I D] ) 2 38 5% o e
M) kA R RS K% B RNA 49 BS 92 56 3% B circWB-
SCR22 FBAEAE T 4 M Jot v, X — R 1 L

“P<0. 01 vs pcDNA group; #P<0. 01 vs pshR-NC group.

[t miRNAs B 0] GEPE , [ cireWBSCR22 1] RE i 1o
WS miRNAs B K IFEAY=TRE. NE—HHR
circWBSCR22 J& 75 A7 76 2 UAE R ML , 7 o 38 1
Circlnteractome %% & & # ] % ¥ circeWBSCR22 5
miR-512-5p £7 75 AH BAE AL A, 1005 38 2 3t 2R
B4R 45 FE R LIRS T —F Z M E R, o
3K cireWBSCR22 B I 4101 i) 1 %Y 259098 48 Ffd H miR-
512-5p /K-, 411 J9 Dy BE 0 R 52 56 25 2R B, cire WB-
SCR22 #i $% 7 miR-512-5p M 49 1 . 3 & B
miR-512-5p 25 T cireWBSCR22 X ‘£ 55147 41 Jifd 2%
PEVE A O EE . LA, cireRNAs 68 7] DL 5
DNA 525 (A BEAE S . FsE" B, cireWB-
SCR22 H %5 UPF1 454 , fHAT T CHD4 & HiZ F 1k
Wk i DA T A1 2R 45 B IR 4 7% o X U cire WBSCR22
AT LA 355 AN ) 43 A AR FH S i g 1t e
miRNAs 3= 8 £ 50 ] A 4% mRNAs 2 5 40l



+ 696 - ZHEA K FFIR Acta Universitatis Medicinalis Anhui 2026 Apr;61(4)
[=1
A Base B 201
§ ok *
s T
2.0k
8 0 = § 1.5¢ l
° 5z
£ 15t s 8
S FANG60A | =2 ot
2 4 & g [} #it
< 10f GAPDH 2
% 5 osf
S ost =e
z
<
CE Ty e R
g§15r b 15p
% o oo
= g
) T e f =8 €L
1.0k » ku 22 10F
g FANGOA Wi S 5 2E
k| aa <5
s GapDH NS . 3 g o
< P Z Z
Z 0.5F 28 05 AAA
I~ =B
< ’l‘
S
z
0 0
§ e f g e f g
f - E 15 r
§ {m[m]
= T
S 10F
g
<
&
= AN
= o5}
‘ =
£ whR A ;:;
0
e f g
— 15¢
5'”73};” E i
; = T
i o 1.0F
() AN
Z
3
>
.8
o 05F
2
=
Q
o~
0 e f g
E7 CircWBSCR22 i&3$ miR-512-5p/FAMG0A %3} = & Hela A i 7 1222 88 B9 S4IH

Fig.7 The effects of circWBSCR22 on the migration and invasion ability of cervical cancer HeLa cells via mir-512-5p/FAMG60A axis
A: RT-qPCR was used to detect the effect of circWBSCR22 on the expression level of FAM60A RNA; B: Western blot was used to detect the effect
of circeWBSCR22 on the expression level of FAM60A protein; C-D: RNA and protein levels of FAM60A in the pcDNA+miR-NC group, pcDNA+miR-

512-5p group, and circWBSCR22+miR-512-5p group; E-F: Relative migration and invasion cell number of HeLa cells in the pcDNA+miR-NC group,

pcDNA+miR-512-5p group, and cireWBSCR22+miR-512-5p group, along with microscopic images (crystal violet staining X100) ; a: pcDNA group;
b: cireWBSCR22 group; c¢: pshR-NC group; d: pshR-cireWBSCR22 group; e: pcDNA+miR-NC group; f: pcDNA+miR-512-5p group; g: circWB-

SCR22+miR-512-5p group; "P<0. 05,

"'P<0.01 vs pcDNA group; *P<0.05, *P<0.01 vs pshR-NC group; “P<0.05, 24P<0.01, 22P<0.001 vs

peDNA+miR-NC group; “P<0. 05, PUP<0. 01, PPUP<0. 001 vs pcDNA+miR-512-5p group.
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To explore the effect and mechanism of tumor necrosis factor alpha (TNF-a)-regulated cir-
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cular RNA Williams Beuren syndrome chromosomal region 22 (circWBSCR22) on the malignant behaviors of cervi-
cal cancer cells. Methods Human cervical cancer Hela cells were treated with TNF-a. Reverse transcription
quantitative polymerase chain reaction (RT-qPCR) was used to detect the expression level of circeWBSCR22.
Nuclear-cytoplasmic RNA separation experiments were conducted to determine the localization of circeWBSCR22 in
cells. Cell migration, invasion, viability, and proliferation were assessed through Transwell assay, tetrazolium salt
(MTT) assay, and colony formation assay, respectively. Dual-luciferase reporter gene assays were performed to
verify the targeting relationship between microRNA-512-5p (miR-512-5p) and circWBSCR22 or family with se-
quence similarity 60A (FAM60A). RT-qPCR was used to detect the RNA levels of miR-512-5p and FAM60A.
Western blot was used to detect the protein level of FAM60A. Results Compared with the Control group, the ex-
pression level of circWBSCR22 in HeLa cells treated with TNF-o increased (P<0.05). About 66% of circWB-
SCR22 was found in the cytoplasm. Compared with the control group, the migration (P<0.01) and invasion (P<
0.01) of HelLa cells transfected with circeWBSCR22 were enhanced, but the cell activity and cell proliferation were
not significantly affected (P>0.05). The double luciferase reporter gene assay showed that the relative luciferase
activity of the co transfected circWBSCR22-WT and miR-512-5p groups was lower than that of the co transfected
circeWBSCR22-WT and miR-NC groups (P<0.01). Compared with the control group, the expression level of miR-
512-5p in Hel.a cells transfected with circeWBSCR22 decreased (P<0.01). Compared with the control group, the
migration (P<0.01) and invasion (P<0. 05) ability of HeLa cells transfected with miR-512-5p decreased. Double
luciferase reporter gene assay showed that compared with the co transfected FAM60A 3’ -UTR-WT and miR-NC
groups, the fluorescence activity of the co transfected FAM60A 3'-UTR-WT and miR-512-5p groups decreased (P<
0.01). Compared with the control group, the expression levels of FAM60A mRNA (P<0.05) and protein (P<
0.01) in Hela cells transfected with miR-512-5p decreased. Compared with the control group, the migration (P<
0.01) and invasion (P<0.01) of cervical cancer Hel.a cells transfected with FAM60A were enhanced. Compared
with the control group, the expression levels of FAM60A mRNA (P<0.01) and protein (P<0.05) in the cells
transfected with circWBSCR22 increased. The results of rescue experiment showed that compared with the
pcDNA+miR-NC group, the expression levels of FAM60A RNA (P<0. 01) and protein (P<0. 001) in the pcDNA+
miR-512-5p group decreased, and the ability of migration (P<0.01) and invasion (P<0.05) decreased; Com-
pared with pcDNA+miR-512-5p group, the expression levels of FAM60A RNA (P<0.01) and protein (P<0.001)
in circWBSCR22+miR-512-5p group increased, and the ability of migration (P<0.01) and invasion (P<0.05)
was enhanced. Conclusion 'TNF-o promotes the migration and invasion of cervical cancer cells through the circ-
WBSCR22/miR-512-5p/FAM60A regulatory axis.
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