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METTL3-modified RNASEH1-AS1 regulates the malignant biological behaviors
of colorectal cancer SW480 cells through the BUD13/ANXA2/Wnt/B-catenin axis

ZHUANG Shengwei’, WU Zhirong®, ZHANG Xiuping’, HUANG Zhekun’, ZHANG Yong' (a. Department of General Surgery;
b. Department of Medical Oncology, Xiamen Hospital, Zhongshan Hospital, Fudan University, Xiamen 351006, Fujian, China)

[Abstract] Objective: To explore the molecular mechanism by which methyltransferase-like protein 3 (METTL3) -modified
RNASEHI1-ASI1 regulates the malignant biological behaviors of colorectal cancer cells SW480 through the BUDI13/membrane
associated protein A2/Wnt/B-catenin (BUD13/ANXA2/Wnt/B-catenin) axis. Methods: Twenty-four CRC patients who were surgically
treated in our hospital from June 2022 to November 2022 were selected as the study subjects, and the patients' CRC tissues and
corresponding paracancerous tissues were collected, and the qPCR method was used to detect the METTL3, RNASEH1-AS1, BUDI3,
ANXA2, B-catenin, GSK-33 mRNA in CRC tissues and paracancerous tissues expression, and the correlation of RNASEH1-ASI
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expression with METTL3 expression and BUD13 expression in CRC tissues was analyzed by Pearson's method. Colorectal cancer cells
SW480 were routinely cultured, and the experiments were divided into sh-NC group, sh-RNASEH1-AS1 group, NC group, sh-METTL
group, si-NC group, si-BUD13 group, sh-RNASEH1-AS1+pc-NC group, sh-RNASEH1-AS1+pc-ANXA2 group, sh-METTL+pc-NC
group, sh-METTL+pc-ASEH1-AS1 group, and sh-NC, sh-RNASEH1-AS1, sh-NC, sh-METTL, si-NC, si-BUD13, sh-RNASEH1-AS1
and pc-NC, sh-RNASEH1-AS1 and pc- ANXA2, sh-METTL and pc-NC, sh-METTL and pc-ASEH1-AS1 were transfected in SW480
cells. The expression of METTL3, RNASEH1-AS1, BUDI13, and ANXA2 in SW480 cells was detected by qPCR. The cell clone
formation assay detected the proliferative ability of SW480 cells in the transfected groups; FCM assay detected the apoptosis of SW480
cells in the transfected groups; cell scratch assay detected the migratory ability of SW480 cells in the transfected groups; and WB assay
detected the migration of SW480 cells in the transfected groups. ANXA2, B-catenin, p-B-catenin, GSK-3f, p-GSK-3p, c-Myc, cyclinD1
protein expression in each group of SW480 cells; RNA immunoprecipitation (RIP) assay to detect the targeting relationship between
RNASEHI1-ASI and BUDI, and BUD1 and ANXA2. Results: Both database analysis and qPCR assay results of CRC tissues and
cancerous tissues of nationals showed that METTL3, RNASEH1-AS1, BUD13, ANXA2, -catenin, and GSK-33 were significantly
highly expressed in CRC tissues compared with paracancerous tissues (all P<0.01), and RNASEH1-AS1 expression was positively
correlated with the METTL3 (+=0.698, P<0.01) and BUDI13 (r=0.784, P<0.01) expression were positively correlated. METTL3,
RNASEHI1-AS1, BUDI13, and ANXA2 mRNA were highly expressed in colon cancer cells (all P<0.05), and the expression of
RNASEHI1-ASI1, BUDI13, and ANXA2 was significantly decreased in SW480 cells after knockdown of RNASEH1-AS1 or METTL3
(all P<0.05), while overexpression of RNASEH1-AS1 significantly upregulated the expression of the above molecules (all P<0.05).
Knockdown of RNASEH1-AS1 or METTLS3 inhibited the proliferation, migration and expression of p-f-catenin, p-GSK-3, c-Myc,
cyclinD1 proteins, and promoted apoptosis of SW480 (all P<0.05), whereas over-expression of RNASEH1-AS1 promoted the
proliferation, migration and expression of p-f-catenin p-f-catenin, p-GSK-3f, c-Myc, cyclinD1 protein expression and inhibited its
apoptosis (all P<0.05). RNASEH1-AS1 promoted the expression of ANXA2 by recruiting BUDI13 targeting (all P<0.05); over-
expression of ANXA?2 partially reversed the knockdown of the effect of RNASEH1-AS1 on SW480 cells (all P<0.05). Conclusion:
METTL3-modified RNASEH1-AS1 regulates the malignant biological behavior of SW480 cells through the BUDI13/ANXA2/
Wnt/B-catenin axis.
[Key words] colorectal cancer; SW480 cell; methyltransferase-like protein 3 (METTL3); RNASEH1-AS1; BUDI13; annexin A2
(ANXA2)
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METTL3 RNASEHI1-AS1 BUDI13 ANXA2
Lt FRALAH EL " P<0.05 ;5 sh-NC 4145 B, # P<0.05 5
5NCHLL,*P<0.05; 5 sh-METTL M Lt ,  P<0.05;
5 sh-METTL+pc-NC 414 L, YP<0.05.
3 KA SW480 {AAEF RNASEH1-AS1.METTL3.,
BUD13,ANXA2 HJRiA

—_

[=3

=3
T

S A
s

53X ZHAH L ,"P<0.055 5 sh-NC ZHAH Lt , # P<0.05; 5 NC A Lt , P<0.05;
5 sh-METTL A EL , Y P<0.05; 5 sh-METTL+ pe-NC ZHAH L, T P<0.05 .
4 B3R YA SWAS0 P ANILTE I (x40)

2.5 & RNASEHI-AS] & METTL 1% # SW480 %@
JeLB T fm it & 32 ASEH1-AS1 ) =T 4] 28 =

FCM AAG 25 F P 5) 2R, 50 ZH AT sh-NC 41
AL, sh-RNASEH1-AS1 2 SW480 41 i i 1% & 2 7+
75 (1) P<0.05) , sh-METTL ZH 41 Jifg 7 T & 1 ¢ o i 2

FINC 21 & 2 T+ &= (3 P<0.05) ; 55 sh-METTL 41 I
sh-METTL+pc-NC ZHAH Lt , sh-METTL+pc-ASEH1-AS1
H 20 0 T S PRI (B P<0.05) o SR &5 SR ULEH ,
R -RNASEH1-AS1 8 METTL 34 A /& 3 SW480 41l ity
TS, 1k Fe ik ASEHT-AST I AT Hyd T
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iR sh-NC#4 sh-RNASEH1-AS14H
A¥ ¥ ¥
24 2 %y s
LS p LS w, — 1=
NE i L i
Tt 10 10 10 10t 10010 A6F 0 10° Tt 1R 100 10t
o sh-METTL+
NCH4H sh-METTL4 sh-METTL+ pc-NC4  pc-ASEH1-AS14
# * ¥ ¥
% 3 o 3 # 2
'é] F :‘—’] o :é] * 4 2 :é] e
ML i N
D R P P P T P M) 0000 0 10 10° 10090 10 To’jo‘
Annexin-V FITC o

5XTHEZHAH L ,"P<0.055 5 sh-NC ZHAH tL , “ P<0.05; 5 NC A Lt , P<0.05;
5 sh-METTL A EL , Y P<0.05; 5 sh-METTL+ pe-NC ZHAH L, T P<0.05 .
5 &L SW4S0 ARV ATIB R

2.6 & RNASEHI-AS] 3% METTL 47 %] SW480 %@
fo.it 4% d it & 32 ASEH1-AS1 N T 4% 3 H iE 4%

Y1 R S K6 T 45 5 (R 6) B, S IR
sh-NC ZHA#HH: , sh-RNASEH1-AS1 2H SW480 i i #4 %
B F AR () P<0.05) , sh-METTL ZH 40 ot #% 2 th g vt

FRZAAING 21 5 35 A2 K (3 P<0.05); 5 sh-METTLZHA!
sh-METTL+pc-NC Z1AH bt , sh-METTL+pc-ASEH1-AS1
Y A 3T 28 S AR v (35 P<0.05) . SR ZE i,
B -RNASEH1-AS1 8§ METTL 34 7] #111] SW480 41l it
KRS, it ik ASEH1-AST M A] {2 i3k HE 7%

X4 sh-NC4L  sh-RNASEH1-AS141 NC4 sh-METTLZL  sh-METTL sh-METTL+

L8

#pNCAL po-RNASEH]- ASIQE 60
' vv

'S
=3

*A

HHLERE/%
S

0
@,\3' é»'& ‘:_)& & é&& *\& {?\&

V@%@
§

&

XA L ,"P<0.05; 55 sh-NC ZHAHEL , “P<0.05; 5 NC#HEL , 2 P<0.05;
5 sh-METTL #HEL , Y P<0.05; 5 sh-METTL+ pe-NC ZHAH L, T P<0.05 .
6 &4HSW480 fAREAYIEFE 1B ST (x40)

2.7 &M RNASEHI1-AS1 3 METTL T 47 %] SW480
28 fi. ¥ p-B-catenin. p-GSK-3B. c-Myc. cyclinD1 & &
#9 % 3 i if & 32 ASEH1-AST ] TT 42 3w A& ik

WB R4 3B (B 7) BoR , 5 5% H 2 Flsh-NC
ZHAHEE,sh-RNASEH1-AS1 2H SW480 41l g p-B-catenin.,
p-GSK-3B.c-MyeccyclinD1 £ [ 7K ~F- ¥4 2 2 FRAK (2
P<0.05),sh-METTL #H 4l ffi #' p- B-cateninp-GSK-3-
c-Myec « cyclinD1 &5 F 1) 2 i 7K ~F- 1 B00f HiEZH AT NC
H R PEK (3 P<0.05) ; 5 sh-METTL 4181 sh-METTL+
pe-NC 414 £ , sh-METTL+pc-ASEH1-AS1 41 4l jifa
p-B-catenin.p-GSK-3 B« c-Myc . cyclinD1 5 [ [ 3R 1A
K 35 8 3 TF (33 P<0.05) o SEB 45 B
i 1% RNASEH1-AS1 5 METTL 33 A $]1 ffil] SW480
p-B-catenin.p-GSK-3B~c-MyccyclinD1 & [ {5815, i
ik ASEH1-AST U A] fig #EixX £6 731 Rk
2.8 RNASEHI-ASI i if 48 3 BUDI13 % 42 i# CRC

i ANXA2 89 % &

StarBase % 45 /&£ 7l Il /< B RNASEH1-AS1 5
BUDI13.BUDI13 5 ANXA2 E 4 B 45 & 7 A (&
8A~B). RIPSZIGAINZE R (K 8C) iR, H1gG AL,
RNASEH1-AS1.BUDI3.ANXA2 7 Ago2 4H 1 i % T
= (35 P<0.05) , SLIRAEHHIESE T RNASEH1-AS1.BUDI3
HTANXA2 7] IAHH 454 . BhAb, 5% B ZH A1 sh-NC 41
AHEL , sh-RNASEH1-AS1 21 SW480 4l fifd -H RNASEH1-
AS1.BUDI13.ANXA2 ik ¥ . 2 FEK ($5 P<0.05) ; 5
X FECZH RN si-NC 4141 L, si-BUDI13 2 SW480 41l i
BUDI13.ANXA2 %1k i # [#K (&1 8D, 4 P<0.05) . &
I 45 I, RNASEH-AS1 7] 48 3£ BUD13 SK#E [ {2
HE SW480 4H il 1 ANXA2 [ 3RiX .

2.9 i & K ANXA2 7T 3 4 # 4% 3 A RNASEHI-
AS1 3+ SW480 2@ it 49 %7
qPCR A6 45 5 (1 9) i 7%, 5 5% B 4L A sh-NC
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4 Lt ¥ , sh-RNASEHI-AS1 40 SW480 4 Jiu
ANXA2.RNASEHI1-AS1.BUDI3 ] % iA . 41 fif 77 [
B, 40 o iE F% K . ANXA2 . p- B -catenin. p-GSK-3p.
c-Myc.cyclinD1 2 [ %35 35 i 35 FA% (2 P<0.05) , 48
Ji R T R B 2 T (P<0.05) 3 5 sh-RNASEH1-AS1
ZH A1sh-RNASEH1-AS 1+pc-NC ZHAH L ,sh-RNASEH 1 -

A B C D E F G
P-B-CalCNIN  S—— — T — ——

B-catenin - " TN TP S T S
P-GSK-3[3 S s s S v———
GSK-33 S s Sy sew e ww—" Sw—
C-MyC s e e S s s
Cyclin D] s s s SN S w— a—

GAPDH weaf well SSaw umaw S W

AR RIS

)

AS1+pc-ANXA2 41 SW480 4il il f ANXA2 ik . 4l
M5 B % 4 B 1T # 2 | p- B -catenin « p-GSK-3f.
c-Myec.cyclinD1 & H 3R 1A 3 F 5 (33 P<0.05) , 41
JiO 9 T 35 IR 25 BRAIK (34 P<0.05) » S36 45 i, i
F ik ANXA2 A {5 43 30 %% @ )% RNASEH1-AS1 X}
SW480 2 i 5211 o

- AL mm sh-RNASEH1-AS141 =@ sh-METTL41
mE sh-NC4l mm NC4l
3 sh-METTL+ pc-RNASEH1-AS14]

3 sh-METTL+ pe-NC4L

1.8

—
N

o
=)

0

o o
B S w W
S S &
5 s & S
¢ ¢

A: X ;B :sh-NC 2 ; C: sh-RNASEH1-AS1 41 ; D:NC 4 ; E: sh-METTL ; F: sh-METTL+pc-NC 4 ;
G:sh-METTL+pc-ASEH1-AS1. 5% IRALAHEL,"P<0.05; 5 sh-NC ZHAH H , 2 P<0.05; 5 NC #H Eb , 2 P<0.05 ;
5 sh-METTL AL, VP<0.05; 5 sh-METTL+ pe-NC ZHAHH: , " P<0.05.

7 &4 SW480 ZAAfih B-catenin, p-B-catenin. GSK-3p. p-GSK-3B.c-Myec. cyclinD1 & H A

RBP GenelD

BUD131 ENSG0000023417T RNASEH1-' antisense E
AS1

RBP GenelD GeneName GeneType

BUD13' ENSG00000182718 ANXA2 protein_coding

25 eG4l mm Ago24l =3 fHikxHE4L

20

v

RNASEH1-AS1 BUDI3 ANXA2

GeneNameé GeneTypé ClusterNum ClipExpNuml ClipSiteNum HepG2(log2FC) K562(log2FC) Pan-Cancer

3 - o

ClusterNum ClipExpNumi  ClipSiteNum HepG2(log2FC) K562(log2FC) Pan-Cancer

B @ m A

- gl mm sh-NC4L
Em sh-RNASEH1-AS14] B3 si-NC4l
= si-BUDI34L

n

°

kA

mRNAHIRS # %

©

N
*
>

° RNASEHI1-AS1 BUDI13 ANXA2

A : StarBase ¥ % 7l RNASEH1-AS1 5 BUDI3 [)45 457 5 ; B : StarBase 348 % il BUD 13 5 ANXA2 [ 45 447 /5 ; C: RIP #&:
M SW480 41 i H RNASEH1-AS1 5 BUD13 §J3%1A ; D: qPCR £l SW480 41 s # RNASEH1-AS1.BUD13 Al ANXA2 7K,
551G A AH L s R 4LAH EE , " P<0.05 5 55 sh-NC ZLAH Lk, © P<0.05; 55 si-NC A Eb , #P<0.05 .

8 SW480 £fiffi RNASEH1-AS1 5 BUD13.BUD13 £1 ANXA2 BY#E %1%

3 1 %

IncRNA /2 K & K F 200 nt (1) 3E 4 f5 RNA , FL 78
B PR ) A b S ROE  TEIRDRE I R AR R e
RS 2 CELENEMY. IncRNA 25 CRC K
HERBIEEIEZIIE. IncRNA SNHG6 7] i it ¥ ]
UPF1 #i% TGF-p/smad {5 5 i #% 12 14 CRC 4H i 1§
B VY. LIN 5 532 B, IncRNA ITGB8-AS1

VB R —Fh 55 4 (0 P IR PE RNA, ]38 i i 5 & kv 2
P55 5 Fok 2k CRC A i 38 58 1B # . F 52
I, RNASEH1-AST n] fig i3k 3 7~ 20 Jifo fifi 9 1) 26 4K
R RN b B R) TR 4K 0 A /S 4 B i e 1 2
AW 5T 45 BB R, CRC 40 41/ RNASEH1-AS1 %
15w T 55 2041, CRC 41 i ' RNASEH1-AS1 KA
T IEH 45 H A0, T RNASEH1-AST Rk w]
FH) SW480 4 34 5 3L F2
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A -4 =24 == 34 =3 448
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14 24H 340 44 54
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YRS e S R 0 DI S S —w'TR' o —-:;"H'Tl'oi/ 010 100 100 100 Tt e do 1ot
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14 244 3% 44H 54
ANXAD — s o ——

P-B-catenin EE—_—_cGGCGE—— — —
B-catcnin E—_—_—_GCGE__——— —
P-GSK-3[ | S S w— w——
GSK-3p " S e S e—
C-MyC e s s w— — 0
Cyclin D] W S s s w—
GAPDH " s Sae wmmw s
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mll =24 =34 =44 =54

Tl 24 341 a4l 5

AMRTBE%

"T1g 24 341 4l S
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\
R
& eée' &
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° ©
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) >

120 - X B2 2 2H : sh-NC 4H.; 3 4H : sh-RNASEH1-AS1 4 ;4 21 : sh-RNASEH1-AS 1+pc-NC 41 ; 5 4. : sh-RNASEH 1-AS 1 +pc-ANXA2
2. A:qPCR Rl SW4S0 4M /il ANXA2 NASEH1-AS1.BUDI13 FKIA/KF s B : 41 ba FE T A S SR AG I 44 2 SW480 21 it 1) 484 5
71(x40) ; C: FCM AK I %-2H SWA80 21 I 1) T2 17 1l s D « 4 LRI IR S50 AGH TN 25 2H. SW4R0 41 (111 A% BE 77 (x40) s E: WB Kl - 21
SW480 41 il ANXA2 . B-catenin . p-B-catenin. GSK-3B.p-GSK-3B.c-Myc.cyclinD1 & [13Rik . SXFREAIAALL, P<0.05; 5 sh-NC
HALL, “P<0.05; 5 sh-RNASEH1-AS1 ZHA L, #P<0.05; 5 sh-RNASEH1-AS1+pc-NC ZHAf Lk, Y P<0.05.

9 T FIE ANXA2 AT ER43 145 B RNASHE-AS1 T SW480 ZA A A 520

FEAEBEYH 7 12, X 2% B RNASEH1-AS1 £ 5 CRC
IRARE. BETCH RNAF 150 £ M W44 &
T, mOA 2 EAZ A B 32 B2 RNA B 1, meA (& 1
H F L 4 #% i METTL3 METTL 14 25 5%5f JI 122 04 2% 4
ZAFERNZE 6 00 N IR 1 HEAT B . me A ML
MLAT V2 meA S5 AR AR A IR AR A R ] B
meA N7 R EE AN A IS, 41 RNA Fa e 1 BT 8%
SEFHIZ B RCR DL miRNA XA B meA B
FAB MR LT B A 5 40 M A ) o R L A
By R4 T IhRE, — B meA B R B, B4 5l
— RHIPI , LFE R AE , M2 R G N A K

FRI9ZE . METTL3 /FE A meA 15 1 1) 5% g8 H 3L 4 72
fily , 7€ 15 %€ IncRNA 77 [f] & #% = £ /E Fi®. ZHENG
SESIRE 5E & L, B METTL3 A J& i 5% 1 IncRNA
PTTG3P 1) F& 5& 14 17 34 I 3 2 38, M i i CRC
WET fift 2 3F CRC B3 5 . AHF 50 KB, CRC 4141
B METTL3 % ik & T % 55 41 21, CRC 41 4
RNASEH1-ASI [{J3ik 5 METTL3 [ ik 2 1EA .
i SW480 41 g , METTL3 J& , RNASEH1-AS1 & i&
2 R BE, IF Ho2 30 SW480 4i it 4 3B 4% , 1 ik
AT . JEId StarBase E04E & 0 1 & B, METTL3
5 RNASEHI-AS1 B A AL E/ERH . Nit—2 0
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HT RNASEH1-AS1 & 3 #] i i METTL3 52 i SW480
A0, ASHIF 72 R RNASEH1-AS1 &1k fait— B il %
15 METTL3, 45 2 & ik 3 15 METTL3 #] 3 43 1 %
W RNASEH1-AS1 3R 1A X SW480 4 fitd 48 58 FlliL 7%
(IR T 3F /> SWA80 4B P T, ixtbgh g
], METTL3 /T 5 i) RNASEH1-AS1 1] {11 SW480
21 ffo 354 5 TS

A TR, IncRNA EIEAE 958 414 P YR RNA 1
TIREIL N ) RIE, LK S5 RNA B 5 ERAS S HE T
Wi FE R RIE 7R #% CRC R AR B R EEEAER .
BUDI3 J2 {i B A4 52 A0 — /N 8, w 4ERR4H i
5354, BAT A mRNA [ B UIME . XING &5 72
R, cireSERPINA3 i it 3% 4+ 1% 45 & miR-653-5p Al 5F
££ BUD13 117 SERPINA3 /1T [ 7 51 i e 20 H 0 12
E WA ANEIEAA . AT 7008 I StarBase 04 /2 73 bt
&I, RNASEH1-AS1 5BUD13 HAHHE A7 4, CRC
HZ1rh BUD13 ik i T 552024, 7 H RNASEH1-AS1
K5 BUDI3 /K F 2 IEAH G . 20 SREe 245 5,
SW480 4l ffd 1 BUDI13 & 53814 , #ll#i] RNASEH1-AS1
Fik k5 M) BUDI3 Rk . 4, RIP %52
¥t 1] BUDI3 5 RNASEHI-AS1 B A % 4 1 45 &
XK %, 7 W RNASEH1-ASI i# i+ BUDI3 i 1§ CRC 41
M R A R

22 i Wnt/B-catenin {5 5 18 B, Wnt g 1 5 H %
g Ja , n] RELWT EH 20 B S 4R 8 1 GSK-3B S5 4 g i
120 B 1) % A 5 G A B% AR B -catenin™ ;s I H. 40 i
cyclin D1 Fl c-Myc 2 [K #5) Jy Wnt 3 #% 1) FiiF &,
cyclin D1 (1) F 22T e 2 (2 241 f G 58 , c-Myc JE K 2
S TR, S 2 M kAR R )
AR, BFRPVREL, ANXA2 T2 A 72,
I8 I 45 A GSK-3B B 34 AT 41 il GSK3B/B-catenin &
LI R, B 1E B-catenin B B2 A4 F1 B A , 33 110 0%
Wnt/B-catenin {5 5 # FRACH A . TANG 552"
W T, ANXA2 i 32 38 1] DU 1 FLIE MCF-7
SRR G 5 TR M 28, I FEBE 3 Wnt/B-catenin {5
SEE S A EMT I F2 80 . AHF 78 2B, GSK-3B Al
B-catenin 7£ CRCZHZAH 2 =3k, #iiifi] RNASEH1-AS1
) 2615 5 SW480 41 BUD13. ANXA2 . p-B-catenin .
p-GSK-3B~c-Myc.cyclinD1 ik & 3% T . [HF, A
fiff 7t i@ 1 StarBase % #i% /& 73 1 & WL, BUD13 5
ANXA2 H A 1 B 45 & 47 s, RIP 3% 52 56 3% 0
BUDI3 5 ANXA2 B B UF B 45 & Kk R s LI 45
BOR 7R, SW480 4H il Hh i 9% BUDI13 3 1A n] 4 ]
ANXA2 RiE . HAh, Bk st — 2 R R IA
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