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Abstract

Background: The role of m6A methylation genes in the differentiation of colorectal cancer is cur-
rently unclear. This study combines bioinformatics analysis and experimental validation to explore
the expression patterns of these genes in colorectal cancer and their potential mechanisms. Meth-
ods: Using bioinformatics, we found that YTHDF1, YTHDF2, ALKBHS5, and WTAP are significantly
aberrantly expressed in colorectal cancer (p < 0.05). In a real-world cohort from Lishui, quantitative
PCR (qPCR) was used to measure mRNA expression of these four genes in CRC tissues and adjacent
normal tissues. Multivariable logistic regression analysis with SPSS identified YTHDF1 and WTAP
mRNA expression levels as being associated with CRC differentiation. Inmunohistochemistry (IHC)
was performed to examine corresponding protein levels, quantified using Image]. Results showed
that YTHDF1 protein expression negatively correlated with CRC differentiation, whereas WTAP
protein expression positively correlated. Additionally, multivariable Cox regression analysis was
conducted to identify potential factors influencing CRC development. Results: In Lishui, YTHDF1
protein expression was negatively associated with CRC differentiation, while WTAP protein expres-
sion was positively associated. Age and alcohol consumption were key risk factors for CRC develop-
ment, while no significant associations were found with sex or smoking. GO enrichment analysis
suggests that YTHDF1 and WTAP may regulate the differentiation process of colorectal cancer by
participating in mechanisms such as mRNA modification, translation regulation, and RNA stability.
For the poorly differentiated CRC group, time to progression rate (TTP) was 100% and overall sur-
vival rate (0OS) was 0% within three years. Conclusions: In Lishui City, the YTHDF1 and WTAP genes
influence the differentiation of colorectal cancer and may serve as important therapeutic targets
and biomarkers for the diagnosis of patients with colorectal cancer.
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1. 5|8

58 T R ARG B A R R MIBE T R 44 5 = R0 A8 — (s o[ 1]. P, SR ALE S —
KW D, AR CAE T 88 TR JE N, H 2 BT, @ E e A2, R E
e 10RO i B B R ME R BEARRAIE . B ZE VRTINS RIS , T v oA 5 L e O A A T B e
[3]o DRIML, FENGRSEEH, AR VPS5 B I 7 AR BE RO IR IT T SR TS 2 0 F 2

HATIRF AR, & B a2 2 PR R . 141, DNA HIEE RG(MMR)GREE S350
W R ATRE MEMSDIE 5 /b RIF MR A O, BURE BRI IS [4]. 7K MST(MSI-H)i# & £
BEE T 1R 74 [5]. LAk, KRAS PR RIRE i R4S 45 B 10 70 A AKP3 DIRE oG, B REsE i it g
X HELEIRTT I SN [6]. BRAF V60OE RASFESS Bl rh i W, 8% S5EZE N WA TUEAHK[7]. CpG &
(732 F R S BUM RN L U8R, T Re e fs 45 BV A0 B i) 73 A 32 BR8], TPS3 [N T3 5 45
B AR AR DS, BH BURZERITE[9]. Bh4t, APC ZRAZT] REXHE 40 I 44 P A= 5 10],
1M PIK3CA FRAZ 0] G5 45 B (1 73 KT BB TT ROBAR [ 11] 6

B 7 DNA AL 4b, HEEEMIRAR AL LA FES S RNA BIZIE (WM RNA) W 5 45 B it 404k
HYIFHK[12]. moA FEALIE RN mRNA Fi WL s, e e IR kAL rE -6 1o B 1) 2k
1, 1X—BhAS H Al O FETE RNA AR RO G SR A, 184 RNA PIBTHE. fith . Faoe M 2 RiiE[13],
BT, moA HR:AL DI S i R A AR e Bt R 2%, (H AR 45 B e 0t v ) LR
MANBRBR[14]. SRS, IRAEEAR moA HIERWTES B e H S A ER, AR AR =3R48 T ¥
(LA, N ER AR RE TR ST T RE T R AT Re L.

2. HREH*E
2.1. TCGA BUBE T

JE i g i S IR 4H P RS RI(TCGA, https://portal.gde.cancer.gov/)3RER T 45 B dE 13 A5 moA %
HISE R R E R . S R 155 A Perl 15 5 A0 BIX S5, A plOX SR R ) 22 e Rk A A
2.2. WHER PCR S#f

EE57): Reverse Transcriptase M-MLYV (Takara), 2 x SYBR Green pro TagHS Premix (¥ F+¥i), 10mM
dNTP (TIANGEN), RNase Inhibitor (Thermo Fisher Scientific), RNase-free Water (TTANGEN).

F B : B0 HL(Thermo Fisher Scientific), il &% #1536 EE 71 (Nanodrop 2000), 5@ PCR {X(ABI),
7%t & PCR 1X(ABI 7900HT).

Table 1. Primer design

= 1. 519t

. Annealing .
No. Target genes Primer Sequences temp (C) Size (bp)

YTHDFI1-F2 TCTGAAAAGCGGGCGTGT

1 YTHDF1 60 161
YTHDF1-R2 TGAAGAGCAGGTAGACGGGC
YTHDF2-F2 CTCACACTATGAGAAACGCCAAG

2 YTHDF2 60 350
YTHDF2-R2 CATTATGCTCTGAAATCACAACCA
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ALKBHS-F2 GAGATGGACAAGGAAGAGAACCG
3 ALKBHS 60 223
ALKBHS5-R2 AAAGGAGGGGCAACTACGTAAG
WTAP-F1 GTAGACCCAGCG ATCAACTTGT3
4 WTAP 60 109
WTAP-F2 GCGTAAACTTCCAGGCACTC

Homo GAPDH-For  CTCTCTGCTCCTCCTGTTCGAC
5 GAPDH 60 121
Homo GAPDH-Rev =~ GCCCAATACGACCAAATCCG

IR, Z%E[15].

AR I A BRZE SR, BN = oA R AR /4 % 20 44 B A S D), 260/280 AT 260/230 #5
EHBGCEN, % EER PCR AR, MEmAL M8 dE4 20+ YTHDF1. ALKBHS. YTHDF2
T WTAP ] mRNA Rk, 5I0EEVERE |, SEFE M2y 1 i rr G hniE, 499t HE2S
FZAACT 7%, ACT = HIZER CT{H — WS CTEH, WSHEA GAPDH. AACT = CRAFEAACT)
— W IEFEAACT), Fold Change =2(*4CD, Fold Change KT 2 &% i, Fold Change /M 0.5 &3 T
tabric R E B, DURAREARTESHIORT A, FAFArEHN S W FrafAaics.
AR N =, DRSS U IR, [RA R 5 2 i,

2.3. ZLTE Logistics @IS 47

{8 1] IBM SPSS Statistics 27 # AT 2R BZHEA 04, PPEIEH . mote. ho AR epr
B 5D ) mRNA Rk 7K-F 2 (8] A A

24. RFHEULDH

BABEH T Abcam AR HIPifA: Anti-WTAP $HiA(EPR18744), Anti-YTDHF2 $i{4(EPR23544-19),
Anti-WTAP #i{4&(EPR22349-16), 1 Anti-ALKBHS $ii/&(EPR18958). VE4H /70 &%
https://www.abcam.cn/ab195377 . K bl i A (1) 9 20 2R 55 AL 2R 0 L BE 3Rk o FIA Image J A
IHC Toolbox X AFIT5-F % E(AOD) (FT FH e A I Ja, el Ly 8-bit KK, KEEIEREIM 0
(B)F 255 (B), L EIPEERERIRE. 6% EEOD H) 5 BUGKEE S X8R, DAB G (BiE,
OD fHjtlE, HAXREEMEZ . #B#IEPEAN: A Analyze > Calibrate, #%£FF Uncalibrated OD 2 ifE; % &
&S %(Area. Integrated Density 25); 15 B R 20 (A X ONFH M X 48, A5 Analyze > Measure 5 H %
i, IntDen B R BAEE E(EJIOD), HEAGREMIENL. #id AOD HHTH2201T, SN H S
MR EARIEZ S Image) M T #Hilik: https:/imagej./ij/download).

2.5. ZLLE Cox EIVASTHT

BENLIE R 60 4445 Bl BB A S0 A RRAMA, AEe. DRk, B SR AERIE N B AR, 4B
FEWALEANRTECT =0, A =1). (ZWREIIHRIE R HE S AL L S RET, ©H5: LLW-
FO-401)i#id IBM SPSS statistics 27 #4172 48 & Cox [B1J3 45 HT(HE ANARME 0.05, FHEBRFRAE 0.10), LIRS
SEE R R R R, BRI R 2.

2.6. FEMESUWIEES OS. TTP X R

PATERER 13X 60 44 45 F e A Rl AU REBE B L =48, GeitiBRs 1R A A7 A (OS) A ik e
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Table 2. Clinical baseline data of colorectal cancer patients and healthy individuals

2. HEBREEMBRAGRREL KR

ZH ok o4k (%) e FRE2H
GRS 61+16.19 70.2 + 16.76 77.6 £9.44 66+ 15.58
el
5% 14 13 14 30
% 6 7 6 20
it ggg o &

H 8 10 6 0
ARG 4 2 4 0
PRl 8 6 2 0
Vi 177 0 0 2 0

HIRALE ik 0 2 2 0
ERSEHY 0 0 2 0
eI 15 16 15 5
AR s 10 9 11 8
ARG AT 6 10 19 0
3. &5

3.1. TCGA #IBENZEEMZEREET moA HXEFEMFRIXIE

M TCGA #¥a E F8EdE, F+0H R Fl Perl i 5 A2 R AL HE moA FHIFEK ) mRNA 2 7 3RiA1E,
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Figure 1. Analysis from the TCGA database reveals the differential expression heatmap of 13 m6A-related genes
1. 3RE TCGA BIBEMSIIBRT 13 1 moA HXEFENEF RIXRE

DOI: 10.12677/acm.2025.154969

575


https://doi.org/10.12677/acm.2025.154969

3.2. ZEBETR UM EIFIZER mRNA BRI

ARWFFCR DOt 2 & PCR 773, VPl T PUAMRIERE R YTHDF1. YTHDF2. ALKBHS fil WTAP 7&
DA W ZEOONRRIE I SUREAR ) mRNA Rk K. BEMEE, BARFERE 140 4h 551X e ok i 3 [K 1)
mRNA KA A (A 2). SPSS £74F & Logistics 7 HT %78 YTHDF1. WTAP #5CHE K mRNA [f)3Rik
KFSE. P AR R 2 R AFEAR ML 3).

Relative Expression of YTHIDF1 in Colon cancer tissue Relative Expression of YTHIDF2 in Colon cancer tissue

- Well-differentiated colon cancer
- Well-differentiated colon cancer —. Moderately differentiated colon cancer
-« Moderately differentiated colon cancer - Poorly differentiated colon cancer
- Poorly differentiated colon cancer

338.02

2362 e 477
L & &
& & &
Q & ]S
XY
Relative Expression of ALKBHS5 in Colon cancer tissue Relative Expression of WTAP in Colon cancer tissue
- Well-differentiated colon cancer - Well-differentiated colon cancer
- Moderately differentiated colon cancer . Moderately differentiated colon cancer
- Poorly differentiated colon cancer - Poorly differentiated colon cancer
48.85 150.74
SO - A 625 e 2174 ‘
a2 P, e
8 8" :
& S & N B o
) ba‘q’ ]° 4Q° & Qo&
§\° @96

Figure 2. Quantitative real-time PCR analysis of YTHDF1, YTHDF2, ALKBHS, and WTAP expression in cancerous and
adjacent normal tissues of colorectal cancer patients
E 2. WHAEE PCR D TEER B EREBALARESHL P YTHDFI. YTHDF2, ALKBHS F1 WTAP #y3RiA

Table 3. Multivariate logistic analysis of the correlation between the expression levels of related genes” mRNA and the pro-
gression of low, medium, and high differentiation

% 3. %I Logistics A HTHEXEE mRNA BFRIZKESR, . SHOUOEREXME

95% C.I for EXP(B)

fekr B S.E. Wald D.F. Sig.
Lower Upper
= -0.754 0.552 1.865 1 0.172 —1.836 0.328
oA 0.228 0.535 0.182 1 0.67 -0.82 1.276
{i2t4 0.94 0.548 2.943 1 0.086 -0.134 2.014
YTHDF1 1.174 0.153 1.279 1 0.0058 —0.127 0.474
YTHDF2 0.007 0.139 0.002 1 0.962 -0.265 0.278
ALKBH5 0.057 0.117 0.24 1 0.624 -0.173 0.288
WTAP -0.024 0.279 0.007 1 0.033 -0.571 0.524
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3.3. YTHDF1 #1 YTHDF2 EREEEAMEAERPRIAVEZAHR K EF S

BE 5, FRATBENLIGE B 5 A AN [F o0 AL B 1 45 B W e e i A U AR B AT o e L Sk 2 e, LAKG I
YTHDF1 £l YTHDF2 & [ 7E g8 J& BBl R 2 4 i ik (] 3(A)MIE 3(B)). & #4345 18, YTHDEF2
FAREKT R FSMOEE RS, B RERY, EOCRERIE; MEMOEE HKR &,
YTHDF1 & [ Rk /KU (K 3(A)FTE 3(B)).

A:YTHDF1 B:YTHDF2

NC Colon cancer tissue NC Colon cancer tissue
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Figure 3. Immunohistochemical results of YTHDF1 and YTHDF2. Note: The immunohistochemical results of YTHDF1 are
shown in Figure (A). The left side represents adjacent normal tissue, while the right side corresponds to colorectal cancer tissue.
From top to bottom, the samples are from patients with highly differentiated, moderately differentiated, and poorly differentiated
colorectal cancer. The immunohistochemical results of YTHDF2 are shown in Figure (B). Similarly, the left side represents adja-
cent normal tissue, and the right side corresponds to colorectal cancer tissue. From top to bottom, patients are classified as highly
differentiated, moderately differentiated, and poorly differentiated. (NC: Adjacent normal tissue of colorectal cancer)

3. YTHDF1 #1 YTHDF2 SR L K F4ER . ;3. YTHDFI fiEHEALFERME(A)R. AMRRESHSA,
AN R TEREREEAR. NEBITRRASHE. FOUMRINEEERESE. YTHDF2 REHRQLFL
RWMEB)F~. EMERFEFAR, AUMNTEREREAR. ALBIT, BERESASHE. RoOUMERS
o (NC: FERFfEAEREFSLELR)

3.4. GEFEEHSA DR ALKBHS #1 WTAP EAFRIAN REHAWZF

[, FATBEHLEFEA R AT AR AE A LA AT e AU 2 e, BLITAS ALKBHS A1
WTAP H [ £ e JA B A 4L 2 b AR (1] 4(A)RTEL 4(B)) o € T M B, BEE 70 ALK T IR AR, WTAP
|ARILKCFREL, B ALKBHS & ARIAED i, ma AR 3 SRR — 2 (& 4(A) M
4(B))-

3.5. REBEAUFLER
i Tmage J B A4 AN A A RE EE R ER D) A 10 S e AL AU 2 85 R AL 9 B LRIk e S5 L R

Rik), WHIUABL YTHDF1 & A RIEAK T S8 Bk b RSS2 [AF 7 2 2% T % WTAP &
ARREKFSa B T RS AR 235 AT R (R 4 ME 5).
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Figure 4. Immunohistochemical results of ALKBHS and WTAP. Note: The immunohistochemical results of ALKBHS5 are shown
in Figure (A). The left side represents adjacent normal tissue, while the right side corresponds to colorectal cancer tissue. From
top to bottom, the samples are from patients with highly differentiated, moderately differentiated, and poorly differentiated colo-
rectal cancer. The immunohistochemical results of WTAP are shown in Figure (B). Similarly, the left side represents adjacent
normal tissue, and the right side corresponds to colorectal cancer tissue. From top to bottom, patients are classified as highly
differentiated, moderately differentiated, and poorly differentiated. (NC: Adjacent normal tissue of colorectal cancer)

4. ALKBHS 1 WTAP ®EALANFER. F: ALKBHS REAANFERNE(AFR. EMRRESHE,
it N FEA R REEASR . NEBITRRASSH. Do MRSUERREESE. WIAP REBHLANFERN
E(B)Fim. ZMFRREEHR, AN EEBREREALALRN. ALEIT, BEBEI AL, POUFIKS L. (NC:
HRpRERERE S ER)

Table 4. Quantitative analysis of immunohistochemical protein results

*4. EESMREAUERLER

B =7 (H) M) (L)
YTHDF1 1.159 +£0.161 1.209 +0.013" 1.406 +0.161"
YTHDF2 0.895+0.010 1.036 +0.131 0.744 £0.010
ALKBHS 1.043 £0.159 1.413 £0.155 1.045 £ 0.181

WTAP 1.900 + 0.184" 1.423 +0.045" 1.135 £ 0.090

VE: YTHDF1 1 5E b xt tl, *p <0.05, WTAP F1 5 & 4kst e *ap < 0.05.

3.6. YTHDF1 1 WTAP Go E&£ 4547

i 5 45 B e 4 A2 1 YTHDF1 A1 WTAP %E[Rl%i X\ Enrichr (https:/maayanlab.cloud/Enrichr/enrich),
Go &4 74T BP (Biological Process). CC (Cellular Component). MF (Molecular Function). %[5t SCRRFAT A
Merae RN S 5L FAEYE 55 S Regulation of mRNA metabolic process: mRNA FfCIHHTRE, G5
A et iy, EEPmaS BRI s, S mERE . JE K mRNA RS SEEENE
IERIARIER AT, s R 4n i 9 %1 . mRNA methylation: mRNA FFIE(L(40 m6A FHIEAL)TELL B
e HEAEA, R R ARE It A PR AR R . mOA BT E A G R R R B A K
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FE AT RERZ IR 41 M R 3 AE R4 . mRNA modification: mRNA [ FME (LR 340 BRI NE 1k 25) % 3
DRI T A HE ) o IX LB T e 1 i 4 AR ) 7 A FH IR i3E Jig . Positive regulation of translational initiation:
FH PR AR R 1E 1A 8 10k T bR 4H M R S AN A AR 2L . LS B, B AG IR T ] RS R
MRE AR, TR IR . mRNA destabilization: mRNA [AEE ME(UET RNA B&
IR AT AT LA A A A RS 8 SR DR R 0, ETT S EhE ) 704k . 94, BELbye BEDR@ I i mRNA 1)
ARyt BRIk, (EaHEgNIBR 220t . RNA destabilization: RNA FANEEEEFFERZ I mRNA f2
TR GRS, XA S EURMEM IR KA, A2 ss B 44k Positive regulation of
mRNA catabolic process: 1F [\ {17 mRNA [ RIS AR AT DAFERR € 1 00 188 I 1428 Ja 4 DR s SR e 4 i 43
o I EER mRNA BEfE AT B THRIE R R RIL, (R HmaiMe % 4t. Methyltransferase complex: FiJE
RS2 5 meA WEIE S ER RNA KB, 3305 4 i i s 58 A0 734k 28 50 8
B HAESSE e VRS AR F AT RS s AR PR A0 AR IE . IR P . mRNA B BRI K
RNA eSS T2 545 Bl .

GO Results of Three Ontologies

regulation of mMRNA metabolic process

I sp
M o
B v

mRNA methylation

regulation of antigen processing and presentation

mRNA modification

positive regulation of translational initiation

mRNA destabilization

RNA destabilization

regulation of axon guidance

regulation of long—term synaptic potentiation

positive regulation of MRNA catabolic process

methyltransferase complex

nuclear membrane

nuclear speck

nuclear envelope

ribosome binding

ribonucleoprotein complex binding

0 1 B 3 4
Enrichment Score

Figure 5. GO enrichment analysis of YTHDF1 and WTAP
5. YTHDF1 #1 WTAP GO E&E 77

3.7. L& Cox EVAS#T

BEALIZEEE 60 4445 B B A 50 e, DAAFEES . DRI sE . WM sERIPE R B AR R, DL
BHEBEWEARTEGE =0, & =1). #HTZAE Cox FIHMHTGEARAEN 0.05, HEBRFRHEN 0.10),
DA E 5 45 B e R A A ORI R 3R o A TR BH, AR RIS S0 AT B 2 5 R RE A e ) B L R R
TP IR SEALF- TE R (32 5)s
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Table 5. Multivariate cox regression analysis of the correlation between age, gender, alcohol consumption, smoking, and
colorectal cancer incidence

F?S5.FW MR OB WRASEEMBERELREEXMNZEER Cox EVASHT

95% C.I for EXP(B)

Ei=ga B S.E. Wald D.F. Sig. Exp(B)
Lower Upper
R 0.117 0.034 11.495 1 0.001 1.124 1.051 1.202
ek 20.945 10889.329 0 1 0.008  1,248,174,098 0 0
R JOA 52 20.218 9867.036 0 1 0.998  603607783.3 0 0
P51 1.035 0.797 1.687 1 0.194 2.815 0.591 13.42

3.8. BESHIEES 0S. TTP HXH

B B 23 BT 60 42 AN [l 43 AL B 1A 45 B e B b i =4 A), JBEE T OS Ml TTP. MZE4E R EIR,
R4 Bl B 0S FikF 0%, b K 4k OS FoA 100%; msrbdl TTP KAEF N 10%, i
HHAMEIEE S ) TTP A 0%, 1R R A2 100% (ILEE 6).

Table 6. Statistical analysis of OS and TTP incidence based on the differentiation degree of colorectal cancer

Fo. ETHEMBRESWIEE OS M TTP K ERNGIH I

izt BETZ A B(BET-E %) TTP (%)
o 0/20 (0) 2/20 (10)
stk 0/20 (0) 0/20 (0)
iK1k 20/20 (100) 20/20 (100)

4. #ig

AFFFIRNIETT T RNA FI3EALAH S L 3L A (YTHDF 1. YTHDF2. ALKBHS5 Al WTAP)/EAS A A FE
HO 25 B (CROMIFE . 255388, IXUEREPE CRC i 7 ABEH mRNA K PFEFMEE, #R
RNA FEEALATREZ CRC A AIHE R I SCHENLE, JF AT Resem B I ARAE TS . R, 76+ E R /K i
ANBERIWEFEH, YTHDF1 F1 WTAP [ mRNA 7K 5 CRC K- GFEE 2 B FEA G, 1 YTHDF2 Al
ALKBHS R Z/RFHENE . X022 5ol RE B T X slofh e e 22 5, R T 84 ZAEVERNER SRR 3R
TR RE A2 27 ) B

HE—2B M KRB, ENNZKBASI, YTHDF1 F1 WTAP & A £A /K5 CRC 7ML FEEE 23 ) & AUk
RANEM SR, $7n HAERE i f L A B R i T R K AT e B — Btk . Rl X i AN JE R EA
A 3 A RE BE A g b i 25 S 308, RIEATATREVE N CRC RZB AT G (B E A br &, X— KN
CRC & 7 UFRE RS HEVPAL TR AL T8 20 TR, T e MR YT 7 R RIHE IR AL 3. FRIRTIR
i1 GO E44r K W], YTHDF1 Al WTAP ] REi#IL 2 5 mRNA &1f6[16]. BRI [17]81 RNA FasE v
[18VZELH, b i 42 45 B e 16 A it 7 o

BeAh, FRATRINE TSRS0I T ARG S /E N CRC B ISR R 3R, 1X S EEAWF 7S AR—5L.
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