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PRI, S5 E ALY mSCAR MK B 0 5 T IR 8 25 EA FR AN . YBX 1 ] {2 145 BV 988 A0 1 5, 3 2 A0 il 40
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[ Abstract] Objective : To investigate the molecular mechanism of
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EATH: w447 & LKA B (%5 :2024NSFSCO737) ; w9)] cancer (CRC) by regulating the stability of the ferroptosis inhibitor
5P B 255 1R BB AR R B (%% :2024MS590) ;w11 4 membrane—spanning4—domainssubfamily A 15(MS4A15). Methods:
o RE 5 AZ R FBA B (%5 ZX-2428-1); %A E  Bioinformatics databases were used to investigate the mRNA and
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56 B B - https://link cnki.net/urlid/50.1046.R.20250117.1144.012 used to measure the level of m5C modification in CRC cells and nor-
(2025-01-17) mal colorectal mucosal cells. CCK-8 assay was used to observe the

in participating in the development and progression of colorectal

protein expression levels of YBX1 in CRC. RT-qPCR was used to
measure the expression level of YBX1 in CRC cells. LC-MS was
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effect of YBX1 on the proliferation of CRC cells, Transwell assay was used to observe its effect on the migration ability of CRC cells,
and flow cytometry was sued to observe its effect on the apoptosis of CRC cells. Bioinformatics methods were used to identify the ferrop-
tosis inhibitors that can interact with YBX1 and potential m5C modification sites. GEPIA2 was used to analyze the association between
the expression of YBX1 and MS4A15. The expression of YBX1 was inhibited, and then the mRNA expression level and m5C modifica-
tion level of MS4A15 were analyzed. The catRAPID database was used to find the binding sites between YBX1 protein and MS4A15
mRNA. CRC cells were treated with actinomycin D after inhibition of YBX1 expression, and RT-qPCR was used to measure the stabil-
ity of MS4A15 mRNA. The expression of MS4A15 was inhibited , and then the proliferative activity , migration ability, and apoptosis rate
of cells were measured, as well as the expression levels of the key indicators for ferroptosis, including MDA, ROS, and Fe**. Results :
High mRNA and protein expression levels of YBX1 were observed in CRC, and YBX1 was highly expressed in CRC cells. The m5C
modification level of CRC cells was significantly higher than that of normal colorectal mucosal cells. YBX1 could promote the prolifera-
tion and migration of CRC cells and inhibit the apoptosis of CRC cells. The bioinformatics analysis showed that YBX1 was positively
correlated with the expression level of the ferroptosis inhibitor MS4A15, and there were multiple m5C modification sites on MS4A15.
Inhibition of YBX1 expression could reduce the mRNA expression level and m5C modification level of MS4A15 and the stability of
MS4A15 mRNA. There were significant reductions in the proliferative activity and migration ability of CRC cells and a significant in-
crease in the apoptosis rate of CRC cells after inhibition of MS4A15 expression, with significant increases in the content of MDA , ROS,
and Fe*. Conclusion : These results show that YBX1 promotes the development and progression of CRC by stabilizing MS4A15 via
m5C modification, which provides a promising targeted therapeutic strategy for CRC patients.
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(Y-box binding proteinl, YBX1) J& m5C &1 [ 3£ #%
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1 #REFE

1.1 ERMH

25 T 7 8 41 i SW480,.SW620 . DLD 1 HCT116 F1 FHC
YN AL G [ 35 [ A0 5 AL 0 (ATCC, Manassas, VA) o 1640
K FRIL A FBS M4 F 26 [ Lonza 23 7] (Walkersville, MD, USA )
Lipofectamine 3000 It H 3% [H Life Technologies 23 7 ( Gaithers-
burg, MD) . PrimeSecript RT 1207 & 1 | "1 [ TaKaRa A #] o
CCK8 IR FN £ H 3 Abcam A ] o Transwel 37 &1 H Jn
FERBD AR A F] . A ToElR & A ik BD 24k
YR 2 T . MDA & &0 [ H 48 DOJINDO A #l .
ROS #3257 £ 1 [ € [#] Thermo Fisher 23 7] . Fe? il 7 &
W ¥ COTBO BIO /A A .
12 F#*
12.1 43R 5% SW480.SW620.DLD1 HCT116 F
FHC 40 fE &4 10% f 4 3% (19 RPM11640 35 35 36 vh 35 5%,
It HEGFRAFREE Ry 37 “CHF & 5%CO0,. H GenePharma ('
[ V) A RO EE YBXT siRNA I MS4A 15 siRNA , 3¢ HR il
5 W 89156 FH Lipofectamine 3000 YBX1 siRNA 1l MS4A15
siRNA 565 CRC 4. YBX1 siRNA PS4 R :5'-UUUG
CUGGUAAUUGCGUGGAGGACC-3", MS4A15 siRNA J¥ 51 i
T :5'~AGUUCUUAGACAAUUUCAGCU-3',,
122 AYER ¥4 it GEPIA2 £¥5 & (http ://ge-
pia2.cancer—pku.cn/#index) 73 HT CRC 41211 YBX1 mRNA 3
ik, f#f i UALCAN portal (hitp : //ualcan. path.uab.edu/analysis—
prot.html) $C4fE 52 43 7 YBX1 45 [ AE 45 s h iy 2R3k . dl i
GEPIA2 B A5 5 YBX 1 KR IR A SE AU AT 1004 5E K,
SR G AR #RBE TS M 9 B JE FerrDB V2 (http : //www. zhounan.
org/ferrdb/current/#) R AR IE T ZEF 4L 238 1 IF 5 =2
Bz 45 . AT RNA mSC H 36 4k A7 & W00 T2 2 RNAmS
Cfinder (http : //www.rnanut.net/rnam5Scfinder/) -3k MS4A15
[ mSC & i 37 45, 38 3 GEPIA2 #% 38 B 43 #7 45 & s 7 b
YBX1 5 MS4A15 % ik 19 A e ¥ . 38 i catRAPID %48 122
(http://s. tartaglialab. com/page/catrapid_group) 7> BT YBX1 &
F1F51 15 MS4A 15 RNA JF5 (4550 5
1.2.3  Real time—quantitative PCR AR 3 il 38 75 A9 07 28, fif
JH RNA 7325320500 & DA 4H M 32 B RNA . i JT] PrimeScript
RT IR &6 B RNA 3856 580 < DNA L SRJG7E & ¢DNA 5]
#) F1 SYBR Premix Ex Taq [ &2 I % i) /1 3 17 RT-qPCR.
GAPDH &4 N 2, Il A 2749 Jy gk DAk 3 R AR G 28 15 K
. YBXI15#F8AI R : F: GGGTGCAGGAGAACAAGGTA,
R: TCTTCATTGCCGTCCTCTCT; MS4A15 514 751 UK . F.
TGTGGACAGGGGCTATCTGG R : GAAGTGCATGGCAATGA

CCGo
1.2.4  CCK8 ARk il 38 7 A9 il W 5, o FH 4 M 11 230741
& —-8(CCK-8) TPl A M3 A % 1% o At Mg AP 7E 96 FL AR
(10*A~ 4 ie/4L) , 3£ F erastin ,RSL3 - F BL AL 34 12 b,
FEFLT 100 WL & 45 10 WL CCK—8 ¥ U 1357 8 58 40 1 3 ik
B, FHAE3T CF & A 5%CO, 135 F 413 1 h, 7E450
nm ARG AR AFL Y IROGEE .
1.2.5 Transwell KAUEEFPAE 24 L= (H M 8 wm FLBR
AW TAMTREME, BFE 24 hin, H 4% 2 5 P EE
SEANM 10 mine RERAERZZVEANNE , 25 S S X228 an i
HEFT Yo, 7 AL S s T B ARG
1.2.6  JRaANM ORI AN gE T AR A AT A AN, O
AU T A0 BB T . P Annexin Vand BILAE P 0 X6 41 i
PEATYS 05 LRI o SR A i =X A0 B AL 0 B Bl O
FlowJo J AT 4347 .
1.2.7 RNAFUEMEM LS 7E 6 fLA T £ X YBX1 Y
SIRNA B % BEAE YL 40 . siRNAFEYL)5 (24 h), 5 pg/mLji
L D AT AL BRI AR TS R s ] e . PR EUE RNA JF:
183 qRT-PCR 43 Hr MS4A 15 F 357K F- . GAPDH ¢ HAE P #B
il
1.2.8 LC-MS DL A4+ 200 ng B 5L RNA, 0% 5 &5 4% R 55 Al
FIMR L, RIS PR bR A4S 5 B RNA S, i H P m5C A&
ML YEW, IR TS 50 mine WEE WG, WEE S
WV, ORI 3R LTI AT B (O T T, R TR A
21, B RN B F 26 R T R, 7F 530ex/590em nm 45
PEFIETCE S o L mSCARMES 2 HARAERT 28, 1T B kE
it T mSCABM K-
1.2.9  Elisa £ MDA \ROS fll Fe & 1 K5 25 1 7 9 40 i
R T 6 FLAR o, Il 2 5 x 10° 40 Mo, 15 40 i fil & 3 Hy
40% FEATEE  F 20 M4 BREZE SR 04T v 2, B 24 h )5, H
PBS(pH7.2~7.4) i B 4H M 2 4 , 40 i ¥ 2 34 %) 100 J7/mL 22
Ao 3B A R, LA 20 B R I A0 P R .
20 min 747 (2 000~3 000 %%/43 ) AT AW Bil . SRIG IR
Elisa i3 & 8 B %E 452 MDA \ROS Fil Fe® 55 o
13 %it%sk

K FH SPSS 25.0 G HR A A TR 43 BT . IEASE TR
SRFAE = A2 (v 2 ) T RFIR . PR R )y
ZEO AT RTINS REAS o K 96 UEAT L3, K 3 /K I @=0.05, i
SR EE 3K

2.1 YBX1 mRNA Fe& & J£ 25 W i P & Rk

UALCAN portal B35 172 73 Hr45 S 3 ] YBX1 mRNA FlZE
I 25 1 i 21 20 1Y 3R 38 KT B W T 55 OE R 41 41
(E1).
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A. YBX1 mRNATEZS I 4 H R 5

El1 YBX1 mRNAFIYBX1ERELEH

22 YBXI AL AMEmMRZ T REKFNG

18 3 RT-qPCR 5 1] SW480,SW620. DLD1, HCT116 Fl
FHC 4ii ig v YBX1 895K F, 45 R R W YBX1 7E SW480,
SW620.DLD1 Fl HCT116 4 il H 1) #& 15 7K - BH 12 &5 F FHC
A (1 2) o B RREWFSE R D] YBX 1 7E DLD1 4 i vh £ 35
T, P L R 2250 5 B DLD 1 21 i),

2.5
c B rHC

s B SW480

ﬁl B SW620

® B DLDI

-

= I HCT116

5

>

o o]

bl

T s a, YBX1 7€ SW480 4l g ] ) R 35 7K °F , P<0.001; b, YBX1 7
SW620 2 Jif H 1) 2Rk K-, P<0.0015¢, YBX1 7E DLD1 4 (1 = %
7K, P<0.001;d, YBX 1 7E HCT116 4l 2635 7K °F- , P<0.001

E2 YBX1EZEMEMAMPHRIE
2.3 LC-MS mRNA 15-4fi4a i) 45 71 % 4m e Fm SE 5 45 30 46
B 2 AL P mSC 4545 K -

LC-MS Zr B4 R W, 5 1E % 45 LA B I FHC 41 fa 4
L, 45 B 9 SW480,SW 620, DLD1 A1 HCT116 41 g b m5C
K-35 B 3 v (181 3)

2.4 CCK8#m YBX1 %t 4m ftL3g 58 ¢ % v

CCK8 A il 25 5 R W, 5 25 1 8 HRZE R0 B PR %o BECZH AR
L, YBX1 siRNA 21 CRC 41 it 348 e 3 4 BH b F 41K, UESE YBX1
Al CRC 4HA3G 7 (&1 4)

2.5 Transwell %l YBX1 %40 feL 3T 45 48 7y 89 % v
B 3T Transwell Kzl YBX 1 X 41 i i @ﬂ’]ﬁf i) , 25 SRR 1]

YBXI/EZS Wi h R 11 3R 3k

JSE IE R A4 (n=100) SRR (n=97)
IET“EE JOT2H e o3 AT A AR
B. YBX1E A ELS AL P RIFRE

P RRIE

Has 0t 1B (146.67 = 5.03) B BATE X R4 (138.67 + 3.06)
AL, YBX1 siRNA 4 /R 41 i i 7% /K 72.33 + 6.66 (35 P<
0.05) , 45 2B YBX1 nl {24 E s A # (& 5) .

1.0
E“ 0.3 b d M rHC
S & B SW480
§ 0.6 B SW620
~ a
i 0.4 I DLDI
s B HCTI6
w 024
£
0.0
O N Q N o
<> o & \)Q &\\
R NS

T ra, SW480 41 il 71 m5C 14 7K F- , P<0.013 b, SW620 21 it 7 m5C &
7K, P<0.001;¢, DLD1 41 H mSC &4 K-, P<0.001;d, HCT116
i mSC i K, P<0.001

B3 ZHEBBEMT m5CEifikE

_0.87
(=)

g

2 067 - 25X IR
5 = BT RE 2

v 0.4 - YBX1 siRNAZ]
S

= 0.24

=

& 0.0

24h  48h  72h
B4 YBX1 34 AEIEE AN
2.6 FX A fa LA £ KT

30 3 3 A LSRR Y BX L K 240 B R T R R, 4 SR
B 5528 U0 IR ZH (510 £ 0.93) S [ %) HRZH (5.72 = 2.63) 4
Lt , YBX1 siRNA 41 7 40 g 9 7= 7K 7 24 23.00 £ 1.79 (35 P<
0.05) , 45 AL W] YBX 1 AT 0 45 s 4 M i = (1Bl 6) .
2.7 YBXI G54k apd B F A9

SR YBX S8 15 38 4 m5C 16 1 1 15 4 48 1410 i 35 [
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YBX1 siRNAZH 25 X R

E5 YBX1%f CRCHHREERAIFM

YBX1 siRNAZ 75 N RELH
1021937 783% 10737299 1.28%
10°% 1072
E 10 = 10
10°4 10°%
175.03% 15.21% 194.44% 2.99%
100 100 10° 10 0 100 10 10°

Annexin V-FITC

Annexin V=-FITC

6 YBX13f CRC 4B T K400

Z 585 H i 0 KRR R 8 5T GEPIA2 B ¥k JE 313 55
YBX 1 3 PR 2 3540 SC (W AT 100 43 5, S8 J5 AE AR BT AH I 4L
P2 FerrDB V2t F 8RR SE T i) SE B 3L 238 4N I 5 Z s
4, BB PRDX1 A1 MS4A 15 X P ERIET- 34 LK 5 YBX1
FEH IR RAC (B 7). ABFFEERE MS4A15 BEATHIFSY,
HE— 20l i GEPIA2 % 4 PR 43 7 45 B W % b YBX1 5
MS4A15 FYAH G , 25 R R W] YBX1 55 MS4A15 1A G R=
0.46,P<0.001(518) ,

7 5YBX1ERFREEXHKIETMHER

2.8 MS4A15 EA £ m5CHA4R1E 5

2 F K38 i RNA m5C F 3L Ak A7 5 F0 T A RNAmS
Cfinder X MS4A15 I (9 m5C & Hii {37 A5 1k 47 B I , & 3K
MS4A15 FAFAEZMBTE m5C BN A (F 1),

4_

E8 YBX15MS4A15FRILHIHE M

log(MS4A 15 TPM)
[\®)
1

S PAT BE 2

BRI

10°57 549

10?

1.31%

PI

10!

10°

PRRTRTT B RRTIT B AR TR M CRRTIT

BI%

—r
10°

10!

T
10?

Annexin V-FITC

P=0.00
R=0.46

log2(YBX1 TPM)

3.44%
10

#1 MS4A15 LRI M5CIEIHAI R
715 BEHL AR MM SR DT 43 (3 (8K 25 3R /s 0 155 B v )
seq0:
653 0.21
654 0.18
787 0.17
911 0.2166667
2552 0.3033333
4719 0.1933333
6338 0.1666667
7942 0.2066667
9414 0.2366667
10610 0.1966667
11226 0.2066667
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2.9 YBXIE G5 MSAAISH § A1k

iE — 2 38 3 catRAPID 4% £ 4+ #T YBX1 &R (1 5
MS4A15 mRNA & 75 0] DL #4254, 45 53R W YBX1 7
51 5 MS4A15 mRNA [T 41 1A 24456 00, R P YBX1 &
FIR 5 MS4A15 A& (R2).
2.10  YBXI #F MS4A15 mRNA #= m5C 1446 K F 89 % vh

i SiRNA 3] YBX1T F35 , Kl MS4A15 mRNA 3%

KK Be MS4A15 FE A B m5C & i K -, 45 51 & 3T
YBX1 ZikJ5 MS4A 15 mRNA 193635 /KT B FAIK , MS4A 15
14 m5C A 7K -t H B G R [ (11 9)
2.11 YBXI # MS4A15 mRNA #2 2 Mk 44 % v

RNA F&E P43 Hr & 30 YBX1 IS , R 3 D (acti-
nomycinD ) 4 ¥FRZE 5 i A0 ML , 525 6 RZH A BR PR T B 4
AHEL , ZEAS [ ] 5,(0, 2,4, 6 h) RTPCR A& , HEA7 Ak 38 445

%2 YBX1EBEMS4A15 mRNALESGIA

# H B RNA X35 FIE AR R 4 FUHIRETS
1 74-125 17866-18661 90.88 99
2 74-125 17882-18677 90.46 99
3 76-127 17866-18661 84.95 99
4 76-127 17882-18677 84.02 99
5 249-300 17866-18661 80.84 99
6 99-150 1786618661 79.89 98
7 249-300 17882-18677 79.56 98
8 101-152 1786618661 78.60 98
9 99-150 17882-18677 78.06 98
10 101-152 17882-18677 76.62 98
11 49-100 17866-18661 72.66 98
12 49-100 17882-18677 71.62 98
13 51-102 17866-18661 70.11 98
14 174-225 17882-18677 69.74 98
15 174-225 17866-18661 68.88 98
16 51-102 17882-18677 68.28 98
17 126-177 17882-18677 66.59 98
18 126-177 17866-18661 65.73 97
19 176-227 17882-18677 64.62 97
20 176-227 17866-18661 63.65 97
157 08+

B s A
B R
B YBX1 siRNA 21

MS4A15 FIXF £k K-
= —
O =)

e
(=]
I

Q%‘& ‘ég& QYL)%)
S {é\ L

% NS
v &

A. YBX1 %} MS4A15 mRNA 22k 7K f4 5200

W 7S X R AL
W HPEXT R AL
B YBXI1 siRNA £

e
[=)}
1
~

o
o
1

MS4A15 m5C &4 (%/200 ng)
o =)
& £
L L

& & P

& &

B. YBX1 %F m5C &Mk ¥ A i

ra, FU8 YBXIT F k25728 [0 B4 MS4A 15 F ik K F HL &L, P<0.001; b, T 38 YBX1 23k 41 5 B 1 %) Bt 4 MS4A 15 335 K - L #%2 , P<
0.001 3¢, R YBX1 22k 545 (AN HRZH MS4A 15 m5C & AL, P<0.015d, R YBX1 22354 5 B PE X BEZH MS4A 15 m5C & HL A, P<0.01
E9 YBX1%tMS4A15 mRNA Fixsk FF m5C &7k F #5500
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S MS4A15 RNA B9 224], 220 YBX1 I {2 #F MS4A15 mRNA
HF e (& 10) .

o 1.00;._ _________

ﬁ $.. @ ZSFXTHRAL
0.75-

i R A BRI

;;g . ¥ ¥+ YBXI siRNAZH

5'_ - blank: ¢,,=6.26 h

[9p]

= siNC: t1/2=6.12 h
0.25 T T T siYBXl:2,=520h

Oh 2h 4h 6h
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