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Abstract Background and Aims: The circular RNA KIF4A (circKIF4A) has been found to play an important
role in the malignant progression of various tumors. However, the biological role of circKIF4A in
colorectal cancer has not been reported yet. Therefore, this study was conducted to investigate the effects

and mechanisms of circKIF4A on the biological behavior of colorectal cancer.
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Methods: The expressions of circKIF4A in different colorectal cancer cell lines and colonic mucosal
epithelial cells as well as in colorectal cancer tissues and adjacent normal tissues were detected using
qRT-PCR. After knocking down the expression of circKIF4A in colorectal cancer SW620 cells using
siRNA, the cell growth, colony formation, invasion ability, as well as changes in the intracellular ratio of
total glutathione (T-GSH) to oxidized glutathione (GSSG) and the expression of ferroptosis inhibitor
protein SLC7A11 were detected. The target microRNAs (miRNAs) of circKIF4A and downstream target
genes were predicted and analyzed using bioinformatics software and dual-luciferase reporter gene assay,
and validation experiments were also perfromed.

Results: Compared to normal colonic epithelial cells and adjacent tissue, the expressions of circKIF4A
were significantly upregulated in different colorectal cancer cell lines and cancer tissue (all P<0.05).
Knockdown of circKIF4A resulted in significantly decreased cell growth, colony formation, invasion
ability, intracellular T-GSH/GSSG ratio, and SLC7AT11 protein expression in SW620 cells (all P<0.05).
Prediction and analysis revealed the presence of a miR-515-5p binding site on the circKIF4A sequence,
and SLC7A11 was identified as a downstream target gene of miR-515-5p. Validation results showed that
miR-515-5p overexpression with simultaneous circKIF4A suppression had the most the inhibitory effect
on SLC7AT11 protein expression in SW620 cells among different treatments (P<0.05).

Conclusion: The expression of circKIF4A is upregulated in colorectal cancer cells and promotes the
growth and invasion of colorectal cancer cells. Its mechanism may be associated with ferroptosis
mediated by the circKIF4A-miR-515-5p-SLC7A11 axis.
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wt, miR-515-5p 5 circKIF4A-mut, miR-CTR 5
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8 7H 3| 45 1 W 9 40 MU Bk SW620 v, 48 h i Wi BE 4
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Figure 1

Detection of circKIF4A expression by qRT-PCR

O /R N X SR v | L S PR e K (S
TE B A IUAS b 6 0 2¢Ol 2% 8l A 05 M o AH X 2
O 3R W T A A ok BB Ol 2R R T OO
REEEEM ILE, BALRKEINEL, Wik
miR-515-5p 5 circKIF4A | circKIF4A 5 SLC7A11 2 ]
MEEE KRR
1.4 FitFaeeE

K SPSS 23.0 G it 27 B F #E AT BHE oy M. BT
AL I S R I BER, SR 8+ bR i 2
(x +5) BHCERIR, P A5 LR 4
LR A3 BT, 2o 2 ) B ) L AR BRI R Y 22 4
Mro P<0.05h 22 %A geit 2% X

2 & R

2.1 circKIFAAZEZEEEEERAMRPHRIE
K H qRT-PCR 4 I 2% 1 W 988 S 1E & 45 5 b
KA M cireKIF4A B R I8 K, 4538 Wos, X
WSS bR A1 NCM460 , cireKIF4A 7845 H
MR PR E (% P0.05) (K 1A) .
qRT-PCR K | civeKIF4A 7E 20 5] 25 H M i B & 45 B
Jo e L SRR S5 AL i R Gk, G5 R W, AR
JEER AL, of H e 4L P cireKIF4A 1) 2238
i (P<0.05) (K1B).
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I 2.0 4 v
4
E A‘A‘A vVvyw ;
5 104 A.HA
= A
5 ada
£ 05+
0.0 i :
FESF AL LA 7

B

A: CIrcKIF4Afﬂ%L&"?HﬂH@A’(%W?ﬁ%ﬁ?HH@%qJE‘Ji'%ii; B: circKIF4A 7E45 H

A: Expressions of circKIF4A in colorectal epithelial cells and

different colorectal cancer cell lines; B: Expressions of circKIF4A in colorectal cancer tissue and adjacent non-cancerous

tissue

2.2 circKIF4A 3145 B B 240 i A < B9 22 M)

T 53T cireKIF4AA XF 45 1 g 98 28 K i 5% i
{7 FH ¥ 1A cireKIF4A 11 siRNA 3 &6 1% 45 B 1 95 40 i
SW620 1 cireKIF4A 11 35 . si-cireKIF4A (1) 5 IR 2%
FAESWO20 Z5 HL A R P R Bk (K1 24) .
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——si-circCTR
O si-cireKIF4A

A

2 circKIFAA MG BB MBI EKEE RIS A: qRT-PCRIEAS circKIF4A BNA%; B: Bk circKIF4A X SW620 4 fifs

ER bR
Figure 2 Effect of circKIF4A on colorectal cancer cell growth
PCR; B: Impact of circKIF4A knockdown on growth of SW620 cells

A: Evaluation of circKIF4A knockdown efficiency using qRT-

2.3 circKIF4A Xt &5 B 7 7% 40 B 52 FE 72 X B8 1 19 AR W BB, 2R A% E L (P<0.05)
A ([#13) . BIARJEAE B AR cireKIF4A B9 235, AT PR K
R LR R BN, 5 si-circCTR 4 L 45 1 9 40 D SW620 1Y 58 [ T i fiE 7 .

B, si-cireKIF4A 41 (%) 45 B 9 240 il SW620 32 F& B

si-circCTR 41 si-circKIF4A 4

B3 TEPERAL SRR IR circKIF4A Xt SW620 40 A 52 FE T X AE 1 922
Figure 3 Colony formation assay to evaluate the effect of circKIF4A knockdown on the colony forming ability of SW620 cells

2.4 circKIF4A X4 E AT R {E 2 68 RIS
M i 22 S0 45 R R, 5 si-eireCTR 2 AH
F,  si-cireKIF4A 41 58 i JE T 1) SW620 41 At 4% &

si-circCTR £H si-circKIF4A 2H

& T

,

B>, Z2RA51%E L (P<0.05) (F4),
B AN 8 P S A circKIF4A ) 2635, T FRAK 45 & W o
4 i SW620 (1 1275 fE 11 .

4 Transwell IR MEE circ KIF4A Xt SW620 LS 5L I 22T

Figure 4 Transwell assay to assess the effect of circKIF4A knockdown on the invasive ability of SW620 cells
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2.5 #h#lcircKIFAARFE BB MAREA £HTET
X SW620 41 Jill T-GSH/GSSG F 81l it 47 7 Ht 43 #r

g5 & B A AIG cireKIF4A B 2 B {I% 40 i N T-GSH/

GSSG It il (P<0.05) ( 5A) . Western blot X

A

B 5  #& circKIF4A X SW620 28 Bl 4k 58 T- 48 S 35 4R 19 221
A circKIF4A JRERAET AREW SLCTATL AR L

Figure 5 Effect of circKIF4A inhibition on ferroptosis-related indicators in SW620 cells

SW620 4H M AT R AL T-An Bk, 5 R R, @
% cireKIF4A Ji Bk Z6 T 30 il 25 F SLCTAT1 |19 3 3k 7K
TR TR (P<0.05) (&15B).

si-circCTR  si-circKIF4A

SLC7A11

GAPDH

W si-circCTR
W si-circKIF4A

P<0.05

;B circKIF4A J5 2R T-GSH/GSSG; B: Western blot ¥

A: Change in intracellular T-GSH/

GSSG after circKIF4A knockdown; B: Western blot analysis of the changes in ferroptosis marker SLC7A11 after

circKIF4A knockdown

2.6 circKIF4A i B #x miRNA L K T iRy 0 &

T

A A W5 B2 3 T, cireKIF4A 731
FEFE miR-515-5p Z5 5 i 5 (K1 6A) . iH 2 TargetScan
PL & miRanda % {4 1 ) SLC7A11 /& miR-515-5p Y
TS (151 6B) o Fifl 5 38 3k W98 ) 2 il i 5 55
SH L ¥ miR-515-5p 5 WT 3'-cireKIF4A J5i 7 e 4 e
F SW620 4 g rfr, 25 R, 40 H A X S R
fif 75 P B B AR (P<0.05), {H 5 MUT 3'-circKIF4A
FokL A gu f5 Jo W B A2 4L (P>0.05) 5 K miR-515-5p
5 WT 3-UTR-SLC7A11 Jii k7 5% Y 1] SW620,  4if ffl
1 ¢ 6 BTG PR B B BE AR (P<0.05) (&1 6C) ,
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{H5 MUT 3'-SLCTALL Jikz 2% gL J5 Jo il i 28 4k (P>
0.05) ([E6C) . FifiJ& kK Western blot %I miR-515-5p
040 50 X% B8, miR-CTR, miR-515-5p, miR-515-5p+
si-circKIF4A , miR-515-5p 1)) ] 7] +si-circKIF4A /A [A]
YL R BE TR AR W SLCTALL Y 45 11 26 35 K F 1
TR, 458 B, 5 miR-515-5p ) il 7 % 18 5§
miR-CTR %% YL 44 A ., miR-515-5p, miR-515-5p+si-
circKIF4A , miR-515-5p # il 5] +si-circKIF4A % 4% 41
Y SLCTALL 45 R 3A AKCF 4 W 1 B, H miR-515-
Sptsi-circKIF4A 41 F¢ IK & 8 W1 & (33 P<0.05)
(K 6D) .
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Predicted consequential pairing of target region (top) and miRNA (bottom) Site type

T
CircRNA Mirbase ID CircRNA (Top) -miRNA (Bottom)pairing CircRNA Start | CircRNA End

hsa_cire_0007255 (5"...3) AUGUAAUCAGUGCUC———-UUGGAGAU
[ L1l 7mer-m8 52 58 -0.025 0.022
hsa-miR-515-5p (3'...5) GUCUUUCACGAAAGAAAACCUCUU

M miR-CTR
1 miR-515-5p

M miR-CTR
1 miR-515-5p

W miR-515-5p #0550 HE

W miR-CTR

1 miR-515-5p

W miR-515-5p+si-cireKIF4A

1 miR-515-5p Ml +si-cireKIF4A

SLC7A11

GAPDH

E6 circKIF4AAKIEFRmiBNA AR TS ERE S A: miR-515-5p 5 circKIF4A [ UM S5 46704 ; B: miR-515-5p 5
SLCTAIL BMES G0 s C: XUOCRBHR A FEF LB B0 E miR-515-5p 5 circKIF4A . SLCTALL Z [A] e SR G R 5
D: ZAFALIE SW620 4HfiH SLCTA 1AL
Figure 6 Analysis of target miRNA target of circKIF4A and downstream target gene  A: Predicted binding sites of miR-515-
5p with circKIF4A; B: Predicted binding sites of miR-515-5p with SLC7A11; C: Dual-luciferase reporter gene assay
validating the transcriptional regulatory relationship between miR-515-5p, circKIF4A, and SLC7A11; D: Expressions of
SLC7A11 protein in SW620 cells treated with different conditions

3 i it Y)f ik 2 . B 2R cire RNA B UE S22 i (1) 1900
T&FE%%,%E%, I T e 5Ll 2 B IE IR T 4

cireRNA TEMHFLB WA P ) 2 R ik, HAE 5. W cire133 % circHIPK3 J& 4% 71 i J o ) 25 24

2H 21 B g A b 4 3R B A S RN cireRNA I HE PR TS cire FAMT14A2 Fl cirel TCH 4 IE 52 J2: 8
mRNA FST T 7 4y, H AL P PR AE R R o A Mg 4 o R U002 cire FAMIT20A. % U 52 7]
Ry 5 ol AR ) ok RS AT B Y 2 RS A3 BB 38 3o 1 ] FAM120A 5 IGF2BP2 (14 25 4 1 412 #F 48 iy
R B R, Bk 2 Y cireRNA B & B I HY 3G FE . cireKIFAA AT 4 3E LR . RSB0 . O
ARG, cireRNA B IESE S 5 THEM 2R A SL98 AR5 e 10 B F 229 (A cireKIF4A 75 25 B
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ARG AT T cireKIF4A 75 25 B 90 4l B &R
B E W b A R R A 2 R, [ g A
T circKIF4A 75 6 171 45 11 i [ IR )b A0 25 4
Uy Rk, 45 R R circKIF4A 15 25 B 7 9 b b
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TR O L P PN N Y G 2 o RV R (S
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BRAC T —Fh A iy 40 L FE TR =, H AR Ak
P AL B S SRR M g5t A% 2 1 SO ] T LAAE
MIPRT: . AWE . FE T RIIR AL A 2 i A0 i AT TR A
FE N — Tl by Bk B 1 RO A4 i o o Ak W 4t s i 5
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