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[ ABSTRACT ] Aim  To establish the first m° A methylation profile for calcific aortic valve disease (CAVD) and elu-
cidate the epigenetic regulatory mechanism of m®A modification during the process of valve calcification. Methods
The m®A methylation profile of the valve tissues from CAVD patients was obtained through RNA methylation sequencing
(MeRIP-seq). Differential methylation analysis, GO functional annotation, and KEGG pathway enrichment analysis were
performed using bioinformatics methods to identify key signaling pathways, with the transforming growth factor-B (TGF-B)
pathway showing the most significant enrichment. ~ An in vitro calcification model using aortic valve interstitial cells

(AVIC) was established, and RT-qPCR and Western blot analysis were employed to detect key m® A methylation enzymes,
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including Wilms’ tumor 1-associating protein ( WTAP) , methyltransferase-like 3 ( METTL3) , fat mass and obesity-associ-
ated protein (FTO) , alkylated base repair protein homolog 5 ( ALKBH5) , and YTH domain family proteins 1/2 ( YTH-
siRNA technology was used to knock down ALKBHS, and the effects of
ALKBHS deficiency on AVIC calcification and the TGF- signaling pathway were detected.

DF1/2), to identify core regulatory factors.
The results were further veri-
fied through ALKBHS overexpression experiments, clearly demonstrating the role of ALKBHS5.  The methylation of specific
pathway target gene mothers against decapentaplegic homolog 2 (SMAD2) was verified through MeRIP-RT-qPCR. Re-
sults The first m®A methylation profile of CAVD was successfully obtained through MeRIP-seq. It was found that the
m°® A methylation modification level in calcified valve tissues was significantly increased (P<0.01) , and 7 412 m°A differ-
entially methylated peaks and a large number of key signaling pathways related to calcification, such as TGF-3, mitogen-
activated protein kinase (MAPK) , and autophagy, were identified.  In vitro experiments on AVIC calcification, ALKBH5
knockdown, and overexpression confirmed that the expression of the demethylase ALKBHS5 was downregulated in calcified
AVIC (P<0.05).
anism studies revealed that after ALKBHS5 knockdown, the expression of TGF-f type Il receptor (TGFBR2) protein and

the phosphorylation level of SMAD2 (p-SMAD2) in calcified AVIC were both upregulated (both P<0.05) , and the TGF-3

ALKBHS knockdown promoted AVIC calcification, while overexpression inhibited it. ~ Further mech-

signaling pathway was activated.
increased (P<0.05).
CAVD valve.

Conclusions

activating the TGF-B signaling pathway.
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Table 1. Primer sequences

AR IE 5191 (5'—3") Bl 5141 (5'—3")

GAPDH ATGACATCAAGAAGGTGGTG CATACCAGGAAATGAGCTTG
WTAP GCTTCTGCCTGGAGAGGATT GTGTACTTGCCCTCCAAAGC
METTL3 GTGATCGTAGCTGAGGTTCGT GGGTTGCACATTGTGTGGTC
ALKBHS TCAAGCCTATTCGGGTGTCG AGCAGCATATCCACTGAGCA
FTO ATTCTATCAGCAGTGGCAGC GGATGCGAGATACCGGAGTG
YTHDF1 CGTGGACACCCAGAGAACAA TAGCTGGACAGGTAGGGGTC
YTHDF2 AGCCTCTTGGAGCAGTACAAA GCATTATTGGGCCTTGCCTG
OPN AGCAGCTTTACAACAAATACCCAG TTACTTGGAAGGGTCTGTGGG
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Figure 1. Increased global m°A methylation in calcified valves
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Figure 2. Analysis of differential m°A peaks and functional pathways

B Ctr Cal
X
E 36 kD
28 P00t GAPDHE @
5
kol [ ]
o6 150 p<0.01
L T
©
g4 £1.0
D <C
Eo S
) Z 05
= o
S0 ca ©
fo} r al 0
RO o ctr Cal

3. PUTHHE R YA B R 2 B 5 A A Y
A J AVIC ZE5AIEFRIETE S HE TR 21 KIS, R AR 2B 57001 (n=5) ;B FE5LFHES AVIC 21 K5,
Western blot #8:01] AVIC £546h5:4) OPN 2B (AFRBAKT R4 (n=3) .
Figure 3. Successful construction of the AVIC calcification model
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Figure 6. ALKBHS knockdown promotes AVIC calcification and activates TGF-f3 signaling pathway
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Figure 7. ALKBHS5 overexpression inhibits calcification of AVIC and activation of TGF-f3 signaling pathway

P<0.05

- n N
[&)) o (5]
1
(=) oo

T 1

>
MeRIP/Input/%
N
T

MeRIP/Input/%
N
T

&)}

SiNC siALKBH5

SiNC siALKBH5

B 8. ALKBHS5 A{{K{21# SMAD2 mRNA K m°A &1
A 4 MeRIP-RT-qPCR ¥l SMAD2 mRNA L m® A &4 7K ;
B 7 MeRIP-RT-qPCR #5:ill TGFBR2 mRNA L 1) m® A #&4fi7KF
AR SR 5 B A DNA B LA
Figure 8. ALKBHS5 knockdown increases m®A
modification of SMAD2 mRNA

m° A HEALI P B A, T H T CAVD F o R
P E A m°A FEALE, B BoR , 8504l 5 %)
HREH Y m® A F LA S o i S e . 3 22 5%
BEAL I m® A A& AR K B BT RS R A,
m® A g F B TR AN CDS XA 3'UTR X, H
FEFSAL A S g A B R A 8 Ak B 7R m A B i
30 25 7T RE S5 CAVD Al 3 5 45 £k 25 U A ¢
WIS T, 22 5 H A IS 3R 5 7 mC A B 1A
XA &N CAVD R Wibr E9 ., IRYIT
WA B XES0 1 m A B, 2 HRR S, v g

BT CAVD E R (3T # . AR A 5y, 3
T IZ USRI sk A 2 IR 2 H

7E m°A S TR ML T, m® A B s S
i 52 W SAR G | 25 B LAk ity R HFY b D) 152 2 1 ) 3
[, L H“BE” 5“8 W2 X E
RO ORBFS R BL, E AR m® A AT R
AL H L LR ALKBHS 7E454k AVIC HH mRNA
FIEE 1K 98, At O e il 0 FY S R 1 42 5 1R
AL WTAP METTL3 L K 25 B AL FTO (9% ik
I 2 SR 2 . X R, FE CAVD
FIAS AL IAEE H, m A Y 3L K S 19 Tt vl e
HTFCBEE" G, MR T ERE
ALKBHS ()3)RER I s e ik il , 5 BOH JL b & 1
B SRF, BOMRR ] TR T — TR A
HEMIVIA R

ik — D I AE YIS B2 TR 22 57 m® A B4
FORER i W AR T TGF-B 5 S, X—AH S
ARSI B 52 56 245 SR AH B EDHIE . 4 @i AIX ALKBHS J&
AVIC B FEE N, TCF-B 18 % Al AN S B o5
TGFBR2 {2615 Fl SMAD2 Y #E IR 1k K 1 2 I
;1 ALKBHS i3 3k J5 AVIC #5140 FEEE )42, TGF-
BR2 11 i5 il SMAD2 1y i 1k 7K 7 B . T 14,
TGF-B 155 I A6 20 227 i Ak | 9 0 A AR B 5 Ak
PR OVERT, © A WF 50 0E 58 1 55 0 0 2 K 3



562

ISSN 1007-3949 Chin J Arterioscler, Vol. 34 ,No. 6,2026

AVIC [ J5 B FF 200 i 5% £k R 58 45 Ak (1) 75 22 3K 2
FpR0 R, B AT HERT ALKBHS YR I W] A8 1 i
fEBRAT TGF-B 38 i C 55 5 40 F 19 m° A B 573
SEPEID ], S BOZ8 B B RO, A 9K S AVIC 1
FEEIPESSAL . Y3 Ah X m® A B s AT e AL
H—E RS R B9 2 B, 76 A d
WLAB RS f b, T BR L RS Tilg METTL3 1Y b 3 3 B 4l
T8 Ry O B UK Bl PR 2R v L S e BRI 98 nT i
METTL3 263k [, 38 3 m®A-YTHDF2 38 & fin i 45
FEARSCES SR mRNA B ) £ S i L i 2 A7, B
W0 W W2 W 5 5K ) & M1 [ IR 4 ( phosphatase and
tensin homolog, PTEN ) /25 H ¥ i B ( protein kinase
B,PKB/Akt) 15 5 i #% {2 i °F ¥ L 40 Jf i 7%
B MIAEESE & B, AE AVIC 854kt RE v, 25 1 4
1L ALKBHS HYZGA T 2 3T & I RIE  JF i
1% TGF-B/SMAD2 {5 Z 4l E 454k , ¥l [n] ALKBHS 5§
TGF-B {55 R AEN CAVD [KAI 7 R AEH Rms

JUE AW i RN D BE S50 R I, m Ik ALK-
BH5 A i i ¥ 1% TGF-B/SMAD2 {5 5 id % fie it
AVIC §54k; H MeRIP-RT-qPCR 5 % 3IF 52 SMAD2
mRNA [ m®A B4 KF- 2 3% 1, X 28 ALKBHS
A Ay RS A, 32 A 1) 5 A B 9 4 DR T B AL T w2
WG, (HoAHE— 25 sk i D RE 25 e R R HR YT
SEARTE D), R RATY T # HE5 sh W AT AR T A OK
-G F HAE MRS A6 & AE % R v AR T ST PR AG
YER IR s AT AT

25 FRNR AN CAVD 8 3% 4 202 1 8 7R
T m® A BB TERRAE S0 K 25 5 3R A A7 A
S AR A DG T e 38 15 5 388 5 R A 240 B 55 A AR FRY ik
T m°A AR S £k v 4 1 T RS ZE AL
R CAVD 19 & 9 AL B AL 1 57 1) 38 WH 35t 4% 2
A,

[BEHk]

[1] BIAN W, WANG Z, SUN C, et al. Pathogenesis and molecular im-
mune mechanism of calcified aortic valve disease[ J]. Front Cardio-
vasc Med, 2021, 8. 765419.

[2] MATHIEU P, BOULANGER M C. Basic mechanisms of calcific
aortic valve disease[ J]. Can J Cardiol, 2014, 30(9) : 982-993.

[3] HUTCHESON J D, AIKAWA E, MERRYMAN W D. Potential
drug targets for calcific aortic valve disease[ J]. Nat Rev Cardiol,
2014, 11(4) . 218-231.

[4] TSAO C W, ADAY A W, ALMARZOOQ Z 1, et al. Heart disease
and stroke statistics-2022 update: a report from the American heart
association[ J ]. Circulation, 2022, 145(8) : e153-e639.

[5] FURUKAWA K I. Recent advances in research on human aortic

valve calcification[ J]. J Pharmacol Sci, 2014, 124(2) : 129-137.

[6] OTTO C M, NEWBY D E, HILLIS G S. Calcific aortic stenosis: a
review[ J]. JAMA, 2024, 332(23) . 2014-2026.

[7] NKOMO V T, GARDIN J M, SKELTON T N, et al. Burden of val-
vular heart diseases: a population-based study[ J]. Lancet, 2006,
368(9540) : 1005-1011.

[8] ZACCARA S, RIES R J, JAFFREY S R. Reading, writing and era-
sing mRNA methylation [ J]. Nat Rev Mol Cell Biol, 2019, 20
(10) : 608-624.

[9] LIY, LI J, ZHANG Y, et al. m®A methyltransferase METTL3 pro-

[

motes vascular smooth muscle cell calcification by upregulating
Runx2 mRNA stability [ J]. Cardiovasc Res, 2025, 121 (3):
712-726.

[10] SHAN S K, LIN X, WU F, et al. Vascular wall microenvironment ;
endothelial cells original exosomes mediated melatonin-suppressed
vascular calcification and vascular ageing in a m® A methylation de-
pendent manner[ J]. Bioact Mater, 2024, 42. 52-67.

[11] CHENG M, JIN J, ZHANG D, et al. METTL3 obstructs vascular

[

smooth muscle cells osteogenic reprogramming by methylating
Runx2 in chronic kidney disease [ J]. Commun Biol, 2025, 8
(1):582.

[12] BLASER M C, BACK M, LUSCHER T F, et al. Calcific aortic

[

stenosis; omics-based target discovery and therapy development
[J]. Eur Heart J, 2025, 46(7) : 620-634.

MOMIZS, B PRFR. e KM 8 0 45 Al Mk 3 3l RO 0 Hh i 1
ML) hE KA, 2024, 32(6) : 461-465.

LIN X J, ZENG Q C. The role of innate immunity in calcific aortic
valve disease[ J]. Chin J Arterioscler, 2024, 32(6) ; 461-465.
[14] SHI H L, WEIL J B, HE C, et al. Where, when, and how; con-

[13

[

text-dependent functions of RNA methylation writers, readers, and
erasers[ J]. Mol Cell, 2019, 74(4) ; 640-650.

[15] DONG Y, ZHANG W, USLU V V. mRNA methylation at the cross-

[

roads of translation, transport, and decay in plant development and
stress responses| J|. Curr Opin Plant Biol, 2026, 89 102851.

[16] FU Y, DOMINISSINI D, RECHAVI G, et al. Gene expression
regulation mediated through reversible m® A RNA methylation[ J].
Nat Rev Genet, 2014, 15(5) : 293-306.

[17] ZHENG R, ZHU P, GU J, et al. Transcription factor Sp2
promotes TGFB-mediated interstitial cell osteogenic differentiation
in bicuspid aortic valves through a SMAD-dependent pathway[ J].
Exp Cell Res, 2022, 411(1);: 112972.

[18] LIU Z, WANG Y, LIU F, et al. Long noncoding TSI attenuates

aortic valve calcification by suppressing TGF-B1-induced osteoblastic

differentiation of valve interstitial cells [ J ]. Metabolism, 2023,

138 155337.

MORIKAWA M, DERYNCK R, MIYAZONO K. TGF-B and the

—
—_
=}

[

TGF-B family: context-dependent roles in cell and tissue physiology

[J]. Cold Spring Harb Perspect Biol, 2016, 8(5) : a021873.
[20] VERRECCHIA F, MAUVIEL A. Transforming growth factor-beta

and fibrosis[ J]. World J Gastroenterol, 2007, 13(22) : 3056-3062.
(MCHmiE FEH)



