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FEARTEA A NS B BB rh A F I I ] 28 A

[X82iA]1 mRNA HFIEAL; 200 T80, 12 0B W0 Ne-F BR R 17 N1-FI BB 175 NS-HH 56
Jty

ES&WB: ERKELSHEITR(2017YFC0907400); El% 1 SR B2 4 (82170740, 82100743 );
748 E SRR 11400 (2019TH8/10300009) ; 17 7948 2430 # A HR1 (XLYC2002081) ; iF 745 B 2%
2 (2013222); “BERTEHT LR (202206)

DOI: 10.3969/j.issn.1671-2390.2024.02.009

Research advances of mRNA methylation in kidney diseases
Zhang Shi-wen"?, Luan Jun-jun', Zhou Hua'
' Department of Nephrology, Affiliated Shengjing Hospital, China Medical University, Shenyang 110004,
China; > Department of Critical Care Medicine, Central Municipal Hospital, Fushun 113006, China
Corresponding author: Zhou Hua, Email: huazhou cmu@163.com

[ Abstract] Recently mRNA methylation modification has been extensively examined, including
N6-methyladenosine (m°A), N5-methylcytidine (m’C) and N1-methyladenosine (m'A). The dynamic re-
versible biological processes of mRNA methylation modification include the participations of "Writer",
"Eraser" and "Reader". Abnormal methylation may lead to the occurrence and development of acute kid-
ney injury (AKI) and chronic kidney disease (CKD). And mRNA methylation modification shall become a
practical biomarker for diagnosing and monitoring kidney diseases.
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AEE 5473 (acute kidney injury, AKI) ) A I AF K AT T T2 IBIRSE, ABA G R YT 5 1R AR 2 sl fin 2
5 EIHESE TEABE B E D, RAH 10%~15% 1EE L BRI . Pk, BRTArEEC) TR IR SR AKT
A: AKI, T HEAE 47 A0 R, AR 50% A A 8 5 fe A, SR BRI O, X 1 it B 1k 55 1 & ' 31 CKD
K AKIY, JOf HL A IE 30% 7716 i) AKT B & 7E 2 2 SN [10=
23 % & g 18 15 R (chronic kidney disease, CKD)™, /X% 1”‘@ W B 2% 1R B 5/ RNA (messenger RNA, mRNA ),
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Je— PR AR, AT AR 3 28 5 A T A
WG R . F AL P L A A ML 5 B2, Y Sk had AR
A DL R AR IR S A B b A b s
P Rl R Ak 2B 1 25, AT 538045 ol R Ak 7= W A
PEAEARAFSE, mRNA H LA S 5 1 R 2 R, ok ik
Z [ IF 45 2 B, mRNA F 3407 0 B0 % LAY mRNA &1,
FEB MR &L | R R R HA B X AR SORE N I
(1 mRNA F 3L A0 7 B WES 0 Hh O F 93 0k e R A7 T B2 253

— . mRNA PRI 5 LB XEES RS

RNA 16 1i £, 3% # # RNA (transfer RNA, tRNA) |, 1% #%
1 RNA (ribosomal RNA, rRNA) Fll mRNA, Lk K 4 il Fl-K:
A9 AE 4% RNA (long non-coding RNA, IncRNA), 2021 4E 45
172 /43 1418 M 5% 5 8 7% i 2] MODOMICS %5 4% /% b
RNA {4 ek A2 fet BRI 119 5 i iR ™ A, LT 43 K AR
BRI TER RNA &M -5 ptk oLk Rk . Hop mR-
NA 3 Ak 16 M 60 15 N6-FF 6 IR (m°A) . 5-FT 35 Jifg g i
(m’C) . N1-F LR FF (m'A) . 5-F% FF 2L Jfg w8 i (hm’C) AN
JRAEF(P) 4, Hp m°A o F 57, it £, 1983 4F
m°A B % B AT 05 v 2L 2 0 A0 i R B BT mRNA i T A
mRNA ¥4iz, S FLsh ¥ 2 6 EEY, mRNA H 3L & i
RAEMBRH -RINEAEZAYSY, XEEAHE LNl
“ it (Writer)” “ V4 15 #% (Eraser)” Fl “ 215 #% (Reader) ",
G35 mRNA (1) H SRR A ARG . 25 FP 56T A ] 132 2
Mo (£

1.m°A PRG£S &E  m'A B LB A
AEAERRIEERS (5 6 4 N T I, JER2m 2R A 24 R

e DAL R B E B Y R . TR S A B moA i

It 2% (Writer)” £ A5 H K54 55 7 3/14 (methyltransferase
like 3/14, METTL3/14) . Wilms 8 25 4 & (1 1(Wilms tu-
mor 1-associating protein, WTAP) ., 55 #FE m°A /¢ H
F 7 Wl (Vir like m°A methyltransferase associated, VIR-
MA) . RNA %54 3L 7 % 11 15/15B(RNA binding motif pro-
tein 15/15B, RBM15/15B) . #£4ff CCCH I H 13(zinc fin-
ger CCCH-type containing 13, ZC3H13) il Cbl J& # % A
1(Cbl proto ncogene like 1, CBLL1) "', m°A #Y “Ji§ 4" £
L AL T LIt m°A £ RIS #510h A. SRR
B A 7 12 R AR AR DG SE R AR 1, BV o 3G R AR 4 3L
Jin 48 M (fat mass and obesity-associated protein, FTO)™

1 AIKB [A] 54 14 5(Alk B homologue 5, ALKBH5)", m°A
(4 “ 2% 4% (reader)”, B m°A 254 & 1, WNIF45 & mR-
NA [ #) m°A 7 &5, F EAIEMETE X & SR F 5 H (fragile
X mental retardation protein, FMRP) . 53 [t ¥ #% ¥l &% %5 M
A2B1(heterogeneous nuclear ribonucleoprotein A2B1, HNRN-
PA2B1) . i & E R A KM F 1T mRNA 454 2 [ (insulin-
like growth factor 2 mRNA binding protein 1, IGF2BP)fJ
% IGF2BP1., IGF2BP2 1 IGF2BP3 LA K W5t &) 12 B & A
YTH(YT521-B homology) %% 14 1 ) RNA %% & 4 1 (YTH
domain containing/YTH domain family, YTHDC/YTHDF), £
¥5 YTHDF1, YTHDF2, YTHDF3 #1 YTHDCI1, YTHDC2",
mA IR AR Sh A AN E 1 PR .

2.m’C W AALSAhR £ B S R m'C LB A&
A e RE B S CIRF L. m’C R—FEFEEMN,
FEAE T 2 RNA A &4, G045 240 J BT R 22 R0 4K rRNAs
F1tRNAs, L & mRNAs., 3 5% 7 RNAs(enhancer RNAs, eR-
NAs) FIF £ AE 4 RNAs, 7 EZAY T, m°C (1 “ s e
(Writer) " 34 NOL1/NOP2/SUN %5 #4358 (NSUN ) 5% Jié f1) i,
EFREAENIE P AE 745, NSUNL-7", L & DNA
L 7% W (DNA methyltransferases, DNMT) i [A] I 4 DN-
MT1, DNMT3A, DNMT3B #l DNMT2( X # TRDMT1)"",
JCRTHFSE B NSUN2 #1 DNMT2 fig 52 5 mRNA A4
SRR S AR I i — A & R L RS I NSUNG . nf
A mRNA™, m’C #4714 £ (Eraser)” £ 45 = 8l 0 4%
DNA HFEAL Y Fe(11) /o [ - FRAR B BUIN EBFR IR Ten-
Eleven Translocation(TET)4& [, UL 3 F W B 7% 7F : TETI.
TET2, TET3", b & 2 W] th o] /E 1 T RNA FF 3& 4617,
m’C A “ {505 7% (Reader)” 3 B4 45 YTH 45 #4938 19 55 1)
YTHDF2"", ALY/REF %i i {1 T (Aly/REF export factor
ALYREF, —#f mRNA #%iz i@ 4%, X THOC4) &2 —FhfF
5P mRNA m’C 254 8 1, 717 mRNA 5 LK Y-8
454 % H-1(Y-box-binding-protein 1,YBX1)"*", A% i J& %01
[ Z D1 HE DNA 1 RNA 254 25 [, 76 M08 59 b F 53 1
25 m’C FIEAL R WS S RN 2 PR .

3.m'A TRAMSHAREELS R G m'A FIABHE
HETERRERS S 1A N BT B m'A RS R B & AT
iR 5 1 T L 20 0 109 A 200 L e 5T A T 1 35 R A S AR
P, FE BUAZ AR W (RNA FT rRNA B 1R &5 9 F B, 35

&1 mRNA HFEALA 7 SRR S E A

Tab 1 Classification of mRNA methylation and related enzymes and proteins
R b Hhhas THAGES PSR

mo6A METTL3/14,WTAP, FTO,ALKBHS FMRP,HNRNPA2B1,IGF2BP,

VIRMA,RBM15/15B IGF2BP2,IGF2BP3,
ZC3H13,CBLLI YTHDF1,YTHDF2,YTHDF3 ,

YTHDC1,YTHDC2

m5C NSUNI1-7,DNMT]I, TETI1,TET2,TET3 YTHDF2,ALYREF

DNMT3A,DNMT3B,DNMT2 YBX1
mlA TRMT6/61A,TRMT10C, ALKBHI1,ALKBH3, YTHDF1,YTHDF2,YTHDF3,
TRMT61B FTO,ALKBH7 YTHDCI1
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CBLL1

F: WTAP 2 Wilms 8254 14 1; METTL3/14 2 U EEFERS T 3/14; VIRMA Jy2i #RE m°A A5G H L 54 /; RBM15/15B Jy RNA 454
FEFF I 15/15B; ,CBLL1 4 Cbl J5# LA 1; ZC3H13 R4EE CCCH S 1 13; FTO K o- Bl 1% — B AR WU 4 if; ALKBHS & AIKB [R5 4E H
5; YTHDF/YTHDC 24 YTH(YT521-B homology ) Z5#43 f) RNA 256 25 11 FMRP S fiiitt X 8 % F & 115 IGF2BP Rl R A KK F 1T mR-

NA 45458 H; HNRNPA2BI Jy 5 B MR H A2B1.

B 1 m'A FEAsh

Fig | Dynamic process of m’A methylation

JER R
N
S @_&}/ NH, 1/47)_3 YTHDF2
& ALYREF
r\ | N \;;l YBX1
I‘-, I.l"l
A /& /& NEN R
=\ N o (< — N
Z\ [ | A
2 /N g o
RNA / il
NSUN1-7

{4 : DNMT1/DNMT3A/DNMT2/DNMT3B >4 DNA H % % % i i) [6] Y7 %) ; NSUN1-7 2 NOL1/NOP2/SUN %5 14 33 5% J# lif ; YTHDF2
YTH(YT521-B homology ) Z5 #18i) RNA 454 & 11 2; ALYREF g ALY/REF i 4 A F; YBX1 Jy Y-B45& & 4-1; TET1/2/3 g Fe(I) /o-HR 1% —

PR SUIM R A 2 1

2 m’C PEAbah

Fig2 Dynamic process of m’c methylation

F 55 FB m'A & 1 75 7T 3 5 mRNA B %520, H Al
SYRI m'A 1Y Gt g% (Writer)” 24 (RNA B 5L 18 Bl
6/61A(tRNA methyltransferase 6/61A, TRMT6/61A). tR-
NA B 3t % 32 B 10C(TRMTIOC). tRNA W 5t %% 7% i
61B(TRMT61B) ™, m'A (1 “ 74 % #% (Eraser)” 2 H 3£ 4k
T LK m'A 25 IR b A ALFE o IR R IK
M SUAN 4G alkB [W] 95 B 1(ALKBH1)™ . ALKBH3™"
T FTO(X X ALKBH9) 34 J& T Fe(I1)/a-fil 13 — 2 4 i 1
XU A ALKB 5. Hirf FTO J& 2018 4Ffif )1 #4524
BA 38 i X FTO CLIP-seq $0#& (43, £ 3 FTO W] LL&5 &
tRNA, & # tRNA 1) m'A 25 1 SRV T, I i — 25 5 i
B A0 B Y BB R IE 28 ALKBH7 W fif ILE
H m'A FTZROR R T Y Leul B (RNA B 3L, 75 37 140
m'A BT ET, m'A A B2 2% (Reader) " R FE 2018
YIRS T & A YTH S5 #5800 & A FiFe 52 YTHDF1-3
M YTHDCI B #% 54 A m'A #9 RNA M E1E A, 2020
AR SE F E— A AR A0 M B T YTHDF2 /E 8 m'A 1
reader P51 m'A B4, m'A B ILAL B T LAERF 5T S

Tz, BHOE LT 1 . m'A B3R K AR B Bh A R
Kl 3 Fis

= . m°’A mRNA ¥ &4t B 15 5% 9% ¥ 48 £ A7 5

1. m°A mRNA ¥ A 1L /& AKI ¥ A8 X BF % AKIJE L)
5 Ty il s ] PN T RS ARRAE, B 2 A EUR R R 5 R,
Wk, B R 2 . I . RORE . DR IS AT B Rk BE
T, AKI % 95 SRR FE 3R 5, I 4F T, B0 a4
i AKT B &SR bL, 8 Z A5 B 80477 . E4FEK mRNA H
FAUTE B AT 78 R AT 3G 22, A B IR AR SE B IR T 1
BET B RN 7R B R i P E 7 (ischemia-reperfusion, I/R)
B BB R v PP R AL RS I METTL3 B8 K F 5 m°A By
RNA /K5 I1EAH G, & 4= TR 8], METTL3 Z& [ /K 5F Al
m°A 1) RNA KT, FEM4I5 5 1 AKT /) B A
B m°A Y RNA KFARgEIE ST, METTL14 7] DL i
ikl YAPL f2 8 UR f9 K& A= & ™. Wang 25" 4 BA7E I
% #ii (lipopolysaccharide, LPS) 1% 5 19 AKI., B0 % bR 45 48
FH (unilateral ureteral obstruction, UUO) %% 1 AKI A & I/R
AKI BB H B 58 % B METTL3 3@ i IGF2BP2 4% 5 i ML 1
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- TRMT6 .
YTHDF
3 N N/ 2 THRS7R
S < ] ) % e N YTHDC
E N N 2 —) < [
i [— = T3 N~ —_—
e
RNA
" TRMT61B

4:: TRMT6/61A A tRNA HIIEHE TSI 6/61A; TRMTG1B i t(RNA HEEH4 Rl 61B; TRMT10C i t(RNA H 2548 il 10C; FTO 4 o-Ff I — iR
WAL XU ; ALKBH1/3/7 27 o FRAHSE XU 42U alkB [R135% 1/3/7; YTHDF/YTHDC 4 YTH(YT521-B homology) Z5H4 111 RNA 44

FHH.

B3 m'AFRAZh

Fig3 Dynamic process of m'A methylation

fEE TAB3 i) m°A B4 F s AR k. METTL3 3[R
20 B 2 00 389 7T 9 4% AN A RE, #2278 METTL3/TAB3
HZIRTT AKT AT AR RS B LR FTO FEENA S
f AKT 63K FAIR, 11 RNA m°A K- THE, N 1 5 6
FU A7 SO AE AN I I ALKBHS #2305 1 41
il LPS 4b 3 i A B /N | B¢ (human kidney-2, HK-2) 41 Jifd
(R 35 8 A R R sk 2 288 400 R A9 7 A, T R R e
BERE PN BCE B B TR SR A T e R a5 .

2. m°A mRNA ¥4 CKD ¥48£ 8% CKD &2/
T DR U5 4 N ) B A MO 1 — R e
i, Herp e AR i f i CKD Ay CHEN . W plE SO
TIRE T B, A4 5 /N8R 3 i 2R (estimated glomerular filtra-
tion rate, eGFR){X T 60 mL-min "+ (1.73m”) "', 3% 'S E 19
PR, W PR iR B0l i AR AR %, HE /D
TFPE 3 A A o 78 CKD HBF9E & &3 m°A H AL B 7E A8
RELYE 55 9 ' R o 27 4 Ak b oA R, it UUO #EA &
¥l METTL3, METTLI14 [ifi % 27 4 fk JEFE & JR B T B, i
FTO WA . B Wi Th i o IR BEAE UUO BEAY rp iff 53 & 30 4
S E AN UUO Frsk 'E 47 4k fb h ALKBHS 3R i5,
FEAE RNA m°A 7K, DT g 3 B 6t 3 0, S A 5 36 1
YTHDF1 ££ UUO. JHI iR AR /R $i4%5 (U-I/R) 3h 4
FERIch 23k M, il Id T YAP BET A AEMIH] Y THDF1
VB B AT Ak, R I — AT A BRI IR B AT A Ak i R
TRYTHES S Ak, CKD MR 1 A1 m°A 1 i B
fi, FTO & (A T+ i, iX 26 % B4 CKD A 56 240 i Ty g e 45 11
HIL T B A6 T 5 A D A B PR B IO 29 (diabetic kidney
disease, DKD)J& CKD fy 25K . AT [R] )5 B 2 8L
B AL, BT 1/2 0 2 BRI R R 1/3 1Y 1 AUpEIR
R4 & B CKDP, F 5T 4 P b b B HK-2 410 i,
YEk DKD (4RI, % 80 M AL IS A 40 A - METTL14
FIRA m°A H IR KO BB, 28 PTEN 4 () MET-
TL14 % 15 () PI3K/Akt {5 5 3 [ fff HDACS |, 3 3%
DKD ' /NE 4L 57 8] 5% A6, METTL14 3£ 0] 3 43 %
a-Klotho ) m°A &, {2 8 = 5175 3 14 /N sk P B 40 e 452
1511 DKD 1) % A & B Bk 5% v i BRI i i i 3ok 97 37

NLRP3 % 4 /M& A PTEN/PISK/AKt 15 5 i J% 1 38 0% , LA
METTL3 #3817 2 et 2 40 M B2 T M %5, #8757 DKD
220 A TR A TR E ML Y A, SRk B AT BA KK
RFEITFTLE 1 AR 1 METTL3 78 1 KU 2 5 DKD #5
by B 223k, @t IGF2BP2 1R () B i 12 5 2 2 i
TIMP2 f m°A &7k, 358 HAS e vk, i id 194 Notch3/4
5l A E DKD 2 40 AR R T R AR R TR
TIMP2 %3k 7] DLy % DKD A& 240 a1 45, #8575 7 DKD 1) —
TR BOR AL, MR ZA ZL DKD J877 s TERE T 811
W,

3. m°A mRNA W3 AL 7 FoA Bk v 5% 7 A8 55 BF 2

m°’A mRNA H AL LE B IR R B 5 5 iz i
FeAbo BRTIELL LSRR A RIS, A DR A R R B
KT R A S B B 05 B 4180 mPA B K S, MET-
TL3 &M, METTL3 /59 m°A F3Ak&1fiE T Keapl/
Nrf2 {5 538 A S AT T-2 SHE £ 5 S 00 B 851k 5.
JE IR R PR S 1 R v R A P R AR, R Al
i 9 1 4 M 105 5 % METTL14 9 %, METTL14 fif %
JET 35 ADR B /N BRI U TR GERE R it 2 A 4 AR
B HEHT, m°A RNA 7K Fl METTL14 3% 35 7K S B9 #6300 7] LA
YE SRy —Fh BT 1012 B 2 14 R B s (0 2R A s S oAb
m°A F 3 Ak Al [F) R TR R AR M B A Y e R R,
m6A mRNA H AL 7E B R h il )iz .

=, m’C mRNA V3 AL Bk 7% 5% P 48 % B 52

m’C mRNA H 34255 —Fp i WS AL, (UK T m°A.
B m'A AL AR B G TP BRI ST R 22—, T AR T 2%
A ZE 400, o m’C i PP R B il DL IO O 1 A 5 4R
TH, DNA F 380 K S e B JE i TET2 78 JERIRAS T X B 1iE
(1) % B D) RE S /N T SCBR, [m] Ak mT A8 3 3 0 o) 2 i o2 1z
R ARI B NES3Z VR Bif5 . 1878 TET2 W fig & VRS0
AKI VAR T W 55 534k, TET2 1615 % e 4 h 3k
FHiE, 75 FSGS K BRI TGF-B1 55 (19 /2 40 A - 5z 1] 7 B 4
MGt B rh ARG, 25 T R4 4™,
WF 9% 25 5 1 % A 43T mRNA F 3L K F o A L8R m’C
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RNA HIEAbZE &8 1 YBXI 76 B Eh 7B 4 5 i, 7l
PUE UUO /N R B AR 446, 78 HK-2 4, YBX1
5 TGF-p15'UTR 454 -2 ¥k TGF-B1 &1, 42/~ YBXI
A RE S — Fh 2 AR A IR YT B S CKD, fHL [ B 5 b B A T
YBX1 OBCHAE FH, (v B 1 YBX 1 i3858 5% mRNA HHi%,
{ELH5 i Yk BE (¥ YBXT 1 mRNA B &%, 2021 4EBF5E
R YBX1 AE 4 iR R T B, 78 CKD 1RY7 e HiFkik
K525 R W, R CKD YA YT 37 5 W B 1k m] 4 705
IEAMIFTE & B YBX1 FEARIE B 4 th R B RVEFH'™. (% 2)

™. m'A mRNA ¥ &AL B IER B P AHEHR

m'A mRNA H AV T AR A B2 40 7652 m rh & 4%
FEE BOFE T, 2017 AEBF9E & B0 m' A T8 LRLIR S A 55 S AR
FPARM I . I LR E O m' A L BB TRMT61B
Phm'A KT TR . 250 F W, BR T mt-tRNA Al mt-
rRNA 4}, TRMT61B if 1] LL& i mt-mRNA™, 72 R F 5
PR BB (VR | A s A0 405 F B SR ) B Nk W ke
A, JEPR (RNA 77 AR Y7k SF-GE A, R (RNA R R
B m'A HUR, KB (RNA 51455 1T S Wb 0] 4201k 17 38
F5' . M m'A 4 mRNA 7KV 76 B IEBE P oA UL 72 4
T, T B T 2 AEEIE I m' A 7E BRSSOV HTRLRD

A, W AAR XA R

BT W RALBFIE )2, AR H R N F 5
53 2 (1) 3 T Hi A4 i K6 77 7 : meRIP-seq, CLIP/IP. mi-
CLIP. LAIC- seq. meRIP- qPCR D)} ELISA., (2)#TF i1k
f) 48 I J7 3% . LC- MS. SCARLET, 2D- TLC, specific de-
oxyribozymes, MazF A &t MAZTER- seq. (3)3E£F RT AUk

U 77 7% : 4SedTTP- RT, Tth polymerase X }2 RT- KTQ poly-
merase. (4) 5T B K J7 7% T3/T4 DNA ligase-qPCR
F1SELECT, (5)% F 2% 28 9 Ml 77 1 : melting- qPCR,
(6) HL#%&AET RNA I J7 7% : Nanopore Fl SMRT. Hif
e R H A meRIP-seq, FK Ay el f i 3. G A
Fpr S 1 R R B U 2K ST R e e 3K 10 R 4 B, X A
B RS 2 W RA YT B s

B o P A 1% 7 5 05 T 18 A T 0K 8 22 9l B
mRNA 3L Ak A8 A 18R 8 24 40038 . o m°A T34k
m’C FIEAL A m'A HJEAL 2 mRNA H 5L 401646 B 53 Bl
FZEE W =AM, AR SCHERR T =325 A BN g B
FEINL . TEE KB JUAE B, FRATTRE Y B A M L i 7 2
FIE RIS 1 T R 18 S T T 9 0 JR, 33 AV AE I Y
BWIRNATT R TR . RS T A
MR e, LIRS 5 mRNA Ak A& A AH AR A R,
PRAET X F ARG B AR B R A T A L, 4R AR AE AKT
K CKD 1, (HAEF I & A R R v BLAA 1) 2 i AL ) o 75 22 58
ZHIBETEUERT o %S — 2D A 5T UK Ak S0 5 BT 103
I7 A5 DL S SURRAIVRY S 1) B IR 12 T 18 AR A i )
FFEMIT A 1R 7 WA F 5 o oe

& % X #
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Tab 2 Researches of mRNA methylation in renal diseases

HIEAR I 5 RS Pt WP AR 257K KA E=BCN
m’A AR /R 5 5 U m°At METTL31 42
METTL14 i@ i i YAP1 AR E50 & A= K 44
I 5 RS m°A1 43
m°A1 FTO| 46
LPS UUO I/R 43575 5 U Y METTL3 4l J5 It s 2 26 R R 45
LPS Ab3 HK-2 4ifify F AT B ALKBHS | Js2 5 & 2K 47
P B UUO 55 Rl W EM ALKBHS5T RNA m°A |3 5% 4 1k K 48
FA UUO U-I/R 43475 : BT A YTHDF11 49
P P I R HA4fEH m*A| FTOT 50
WE PRI B HESENA AL HK-2 40t m°A| METTL14/ 52
e WA AL B /NI N B A4 METTL14 %5 o-Klotho i m°A MEHifE S8 & H: & e 53
R PR L A FKEE BT METTL3 K1) m°A WiRpam R4 &R 54
STZ 153 R A METTL31 55
IRIB MR ety UL M 1 e m'AL METTL3| 5
SEYAEI AL AN METTL141% 57
m'C P B UUO i3 Bl A YBX1 i B 4T Ak, Wil oo & e R R 60
HK-2 40 HK-2 4/l TGF-B1 % YBX1 454 mRNA S {ERIFX A

SR WGARFR IO RS G 2 ) Bz o1



https://doi.org/10.1016/S0140-6736(19)32563-2
https://doi.org/10.1016/S0140-6736(19)32563-2
https://doi.org/10.1016/S0140-6736(19)32563-2

(2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

148

I R 1B s 2 3k 2024 4F 2 J1 405 24 %55 2 1 J Clin Nephrol, February 2024, Vol. 24, No. 2

Neyra JA, Chawla LS. Acute kidney disease to chronic kidney dis-
ease[J]. Crit Care Clin, 2021, 37(2): 453-474. DOI: 10.1016/j.ccc.
2020.11.013.

Liu KD, Goldstein SL, Vijayan A, et al. AKI'Now initiative: rec-
ommendations for awareness, recognition, and management of
AKI[J]. Clin J Am Soc Nephrol, 2020, 15(12): 1838-1847. DOI:
10.2215/CIN.15611219.

Boccaletto P, Stefaniak F, Ray A, et al. MODOMICS: a database of
RNA modification pathways. 2021 update[J]. Nucleic Acids Res,
2022, 50(D1): D231-D235. DOI: 10.1093/nar/gkab1083.
Roundtree IA, Evans ME, Pan T, et al. Dynamic RNA modifica-
tions in gene expression regulation[J]. Cell, 2017, 169(7): 1187-
1200. DOL: 10.1016/j.cell.2017.05.045.

Finkel D, Groner Y. Methylations of adenosine residues (m6A) in
pre-mRNA are important for formation of late Simian virus 40 mR-
NAs[J]. Virology, 1983, 131(2): 409-425. DOI: 10.1016/0042-682
2(83)90508-1.

Zaccara S, Ries RJ, Jaffrey SR. Reading, writing and erasing mR-
NA methylation[J]. Nat Rev Mol Cell Biol, 2019, 20(10): 608-624.
DOI: 10.1038/541580-019-0168-5.

Gerken T, Girard CA, Tung YC L, et al. The obesity-associated
FTO gene encodes a 2-oxoglutarate-dependent nucleic acid
demethylase[J]. Science, 2007, 318(5855): 1469-1472. DOI: 10.
1126/science.1151710.

Zheng GQ, Dahl JA, Niu YM, et al. ALKBHS is a mammalian
RNA demethylase that impacts RNA metabolism and mouse fertili-
ty[J]. Mol Cell, 2013, 49(1): 18-29. DOI: 10.1016/j.molcel.2012.
10.015.

Reid R, Greene PJ, Santi DV. Exposition of a family of RNA
m(5)C methyltransferases from searching genomic and proteomic
sequences[J]. Nucleic Acids Res, 1999, 27(15): 3138-3145. DOI:
10.1093/nar/27.15.3138.

Turek-Plewa J, Jagodzinski PP. The role of mammalian DNA
methyltransferases in the regulation of gene expression[J]. Cell Mol
Biol Lett, 2005, 10(4): 631-647.

Xue SL, Xu H, Sun Z, et al. Depletion of TRDMTI1 affects 5-
methylcytosine modification of mRNA and inhibits HEK293 cell
proliferation and migration[J]. Biochem Biophys Res Commun,
2019, 520(1): 60-66. DOI: 10.1016/j.bbrc.2019.09.098.

Chen SY, Chen KL, Ding LY, et al. RNA bisulfite sequencing re-
veals NSUN2-mediated suppression of epithelial differentiation in
pancreatic cancer[J]. Oncogene, 2022, 41(22): 3162-3176. DOI: 10.
1038/s41388-022-02325-7.

Liu JH, Huang T, Zhang YS, et al. Sequence- and structure-selec-
tive mRNA m’C methylation by NSUN6 in animals[J]. Natl Sci
Rev, 2020, 8(6): nwaa273. DOI: 10.1093/nsr/nwaa273.

Lan J, Rajan N, Bizet M, et al. Functional role of Tet-mediated
RNA hydroxymethylcytosine in mouse ES cells and during differ-
entiation[J]. Nat Commun, 2020, 11(1): 4956. DOIL: 10.1038/
s41467-020-18729-6.

Guallar D, Bi XJ, Pardavila JA, et al. RNA-dependent chromatin
targeting of TET2 for endogenous retrovirus control in pluripotent
stem cells[J]. Nat Genet, 2018, 50(3): 443-451. DOI: 10.1038/

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

$41588-018-0060-9.

Shen QC, Zhang Q, Shi Y, et al. Tet2 promotes pathogen infection-
induced myelopoiesis through mRNA oxidation[J]. Nature, 2018,
554(7690): 123-127. DOI: 10.1038/nature25434.

Dai XX, Gonzalez G, Li L, et al. YTHDF2 binds to 5-methylcyto-
sine in RNA and modulates the maturation of ribosomal RNA[J].
Anal Chem, 2020, 92(1): 1346-1354. DOI: 10.1021/acs.analchem.
9b04505.

Yang X, Yang Y, Sun BF, et al. 5-methylcytosine promotes mR-
NA export - NSUN2 as the methyltransferase and ALYREF as an
m’C reader[J]. Cell Res, 2017, 27(5): 606-625. DOI: 10.1038/cr.
2017.55.

Shi M, Zhang H, Wu XD, et al. ALYREF mainly binds to the 5'
and the 3' regions of the mRNA in vivo[J]. Nucleic Acids Res, 2017,
45(16): 9640-9653. DOL: 10.1093/nar/gkx597.

He ZZ, Xu J, Shi HR, et al. m5CRegpred: epitranscriptome target
prediction of 5-methylcytosine (m5C) regulators based on sequenc-
ing features[J]. Genes, 2022, 13(4): 677. DOI: 10.3390/
genes13040677.

Wang LF, Zhang J, Su YF, et al. Distinct roles of m’C RNA
methyltransferase NSUN2 in major gynecologic cancers[J]. Front
Oncol, 2022, 12: 786266. DOI: 10.3389/fonc.2022.786266.

Zhang QF, Liu FR, Chen W, et al. The role of RNA m’C modifica-
tion in cancer metastasis[J]. Int J Biol Sci, 2021, 17(13): 3369-
3380. DOI: 10.7150/ijbs.61439.

Dominissini D, Nachtergaele S, Moshitch-Moshkovitz S, et al. The
dynamic N1-methyladenosine methylome in eukaryotic messenger
RNA[J]. Nature, 2016, 530(7591): 441-446. DOIL: 10.1038/
nature16998.

Jin H, Huo CX, Zhou TH, et al. m'A RNA modification in gene ex-
pression regulation[J]. Genes, 2022, 13(5): 910. DOI: 10.3390/
genes13050910.

Zhou HQ, Rauch S, Dai Q, et al. Evolution of a reverse transcrip-
tase to map N1-methyladenosine in human messenger RNA[J]. Nat
Methods, 2019, 16(12): 1281-1288. DOI: 10.1038/s41592-019-
0550-4.

Su ZL, Monshaugen I, Wilson B, et al. TRMT6/61A-dependent
base methylation of tRNA-derived fragments regulates gene-silenc-
ing activity and the unfolded protein response in bladder cancer[J].
Nat Commun, 2022, 13(1): 2165. DOIL: 10.1038/s41467-022-
29790-8.

Safra M, Sas-Chen A, Nir R, et al. The m1A landscape on cytoso-
lic and mitochondrial mRNA at single-base resolution[J]. Nature,
2017, 551(7679): 251-255. DOI: 10.1038/nature24456.

Li XY, Xiong XS, Zhang ML, et al. Base-resolution mapping re-
veals distinct m'A methylome in nuclear- and mitochondrial-encod-
ed transcripts[J]. Mol Cell, 2017, 68(5): 993-1005.€9. DOI: 10.
1016/j.molcel.2017.10.019.

Chujo T, Suzuki T. Trmt61B is a methyltransferase responsible for
I-methyladenosine at position 58 of human mitochondrial
tRNAs[J]. RNA, 2012, 18(12): 2269-2276. DOL: 10.1261/rna.
035600.112.

Bar-Yaacov D, Frumkin I, Yashiro Y, et al. Mitochondrial 16S


https://doi.org/10.1016/j.ccc.2020.11.013
https://doi.org/10.1016/j.ccc.2020.11.013
https://doi.org/10.1016/j.ccc.2020.11.013
https://doi.org/10.2215/CJN.15611219
https://doi.org/10.2215/CJN.15611219
https://doi.org/10.1093/nar/gkab1083
https://doi.org/10.1093/nar/gkab1083
https://doi.org/10.1016/j.cell.2017.05.045
https://doi.org/10.1016/j.cell.2017.05.045
https://doi.org/10.1016/0042-6822(83)90508-1
https://doi.org/10.1016/0042-6822(83)90508-1
https://doi.org/10.1016/0042-6822(83)90508-1
https://doi.org/10.1038/s41580-019-0168-5
https://doi.org/10.1038/s41580-019-0168-5
https://doi.org/10.1126/science.1151710
https://doi.org/10.1126/science.1151710
https://doi.org/10.1126/science.1151710
https://doi.org/10.1016/j.molcel.2012.10.015
https://doi.org/10.1016/j.molcel.2012.10.015
https://doi.org/10.1016/j.molcel.2012.10.015
https://doi.org/10.1093/nar/27.15.3138
https://doi.org/10.1093/nar/27.15.3138
https://doi.org/10.1016/j.bbrc.2019.09.098
https://doi.org/10.1016/j.bbrc.2019.09.098
https://doi.org/10.1038/s41388-022-02325-7
https://doi.org/10.1038/s41388-022-02325-7
https://doi.org/10.1038/s41388-022-02325-7
https://doi.org/10.1093/nsr/nwaa273
https://doi.org/10.1093/nsr/nwaa273
https://doi.org/10.1093/nsr/nwaa273
https://doi.org/10.1038/s41467-020-18729-6
https://doi.org/10.1038/s41467-020-18729-6
https://doi.org/10.1038/s41467-020-18729-6
https://doi.org/10.1038/s41588-018-0060-9
https://doi.org/10.1038/s41588-018-0060-9
https://doi.org/10.1038/s41588-018-0060-9
https://doi.org/10.1038/nature25434
https://doi.org/10.1038/nature25434
https://doi.org/10.1021/acs.analchem.9b04505
https://doi.org/10.1021/acs.analchem.9b04505
https://doi.org/10.1021/acs.analchem.9b04505
https://doi.org/10.1038/cr.2017.55
https://doi.org/10.1038/cr.2017.55
https://doi.org/10.1038/cr.2017.55
https://doi.org/10.1093/nar/gkx597
https://doi.org/10.1093/nar/gkx597
https://doi.org/10.3390/genes13040677
https://doi.org/10.3390/genes13040677
https://doi.org/10.3390/genes13040677
https://doi.org/10.3389/fonc.2022.786266
https://doi.org/10.3389/fonc.2022.786266
https://doi.org/10.3389/fonc.2022.786266
https://doi.org/10.7150/ijbs.61439
https://doi.org/10.7150/ijbs.61439
https://doi.org/10.1038/nature16998
https://doi.org/10.1038/nature16998
https://doi.org/10.1038/nature16998
https://doi.org/10.3390/genes13050910
https://doi.org/10.3390/genes13050910
https://doi.org/10.3390/genes13050910
https://doi.org/10.1038/s41592-019-0550-4
https://doi.org/10.1038/s41592-019-0550-4
https://doi.org/10.1038/s41592-019-0550-4
https://doi.org/10.1038/s41592-019-0550-4
https://doi.org/10.1038/s41467-022-29790-8
https://doi.org/10.1038/s41467-022-29790-8
https://doi.org/10.1038/s41467-022-29790-8
https://doi.org/10.1038/nature24456
https://doi.org/10.1038/nature24456
https://doi.org/10.1016/j.molcel.2017.10.019
https://doi.org/10.1016/j.molcel.2017.10.019
https://doi.org/10.1016/j.molcel.2017.10.019
https://doi.org/10.1261/rna.035600.112
https://doi.org/10.1261/rna.035600.112
https://doi.org/10.1261/rna.035600.112

Il A B DG 2 i 2024 4F 2 A5 24 55 2 )

J Clin Nephrol, February 2024, Vol. 24, No. 2

. 149 «

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

rRNA is methylated by tRNA methyltransferase TRMT61B in all
vertebrates[J]. PLoS Biol, 2016, 14(9): €1002557. DOI: 10.1371/
journal.pbio.1002557.

Liu FG, Clark W, Luo GZ, et al. ALKBHI-mediated tRNA
demethylation regulates translation[J]. Cell, 2016, 167(7): 1897.
DOI: 10.1016/j.cell.2016.11.045.

Cheng WT, Ma JH, Tao QF, et al. Demethylation of m1A assisted
degradation of the signal probe for rapid electrochemical detection
of ALKBH3 activity with practical applications[J]. Talanta, 2022,
240: 123151. DOI: 10.1016/j.talanta.2021.123151.

Xie SS, Jin H, Yang F, et al. Programmable RNA N1-methyladeno-
sine demethylation by a Casl3d-directed demethylase[J]. Angew
Chem, 2021, 133(36): 19744-19749. DOIL: 10.1002/ange.
202105253.

Xu BF, Liu DY, Wang ZR, et al. Multi-substrate selectivity based
on key loops and non-homologous domains: new insight into
ALKBH family[J]. Cell Mol Life Sci, 2021, 78(1): 129-141. DOI:
10.1007/s00018-020-03594-9.

Wei JB, Liu FG, Lu ZK, et al. Differential m°A, m’A,, and m'A
demethylation mediated by FTO
cytoplasm[J]. Mol Cell, 2018, 71(6): 973-985.€5. DOI: 10.1016/j.
molcel.2018.08.011.

Zhang LS, Xiong QP, Pefia Perez S, et al. ALKBH7-mediated
demethylation regulates mitochondrial polycistronic RNA process-
ing[J]. Nat Cell Biol, 2021, 23(7): 684-691. DOI: 10.1038/s41556-
021-00709-7.

Dai XX, Wang TL, Gonzalez G, et al. Identification of YTH do-

in the cell nucleus and

main-containing proteins as the readers for N1-methyladenosine in
RNA[J]. Anal Chem, 2018, 90(11): 6380-6384. DOI: 10.1021/acs.
analchem.8b01703.

Seo KW, Kleiner RE. YTHDF2 recognition of N'-methyladeno-
sine (m'A)-modified RNA is associated with transcript destabiliza-
tion[J]. ACS Chem Biol, 2020, 15(1): 132-139. DOI: 10.1021/ac-
schembio.9b00655.

Yan LJ. Folic acid-induced animal model of kidney disease[J]. Ani-
mal Model Exp Med, 2021, 4(4): 329-342. DOI: 10.1002/ame2.
12194.

Li CM, Li M, Zhao WB, et al. Alteration of N6-methyladenosine
RNA profiles in cisplatin-induced acute kidney injury in mice[J].
Front Mol Biosci, 2021, 8: 654465. DOI: 10.3389/fmolb.2021.
654465.

Meng FH, Liu YG, Chen QY, et al. METTL3 contributes to renal
ischemia-reperfusion injury by regulating Foxdl methylation[J].
Am J Physiol Renal Physiol, 2020, 319(5): F839-F847. DOI: 10.
1152/ajprenal.00222.2020.

Shen JX, Wang WP, Shao XH, et al. Integrated analysis of m6A
methylome in cisplatin-induced acute kidney injury and berberine
alleviation in mouse[J]. Front Genet, 2020, 11: 584460. DOI: 10.
3389/fgene.2020.584460.

Xu Y, Yuan XD, Wu JJ, et al. The N6-methyladenosine mRNA
methylase METTL14 promotes renal ischemic reperfusion injury
via suppressing YAP1[J]. J Cell Biochem, 2020, 121(1): 524-533.
DOL: 10.1002/jcb.29258.

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

Wang JN, Wang F, Ke J, et al. Inhibition of METTL3 attenuates re-
nal injury and inflammation by alleviating 74B3 m6A modifica-
tions via IGF,BP,-dependent mechanisms[J]. Sci Transl Med, 2022,
14(640): eabk2709. DOI: 10.1126/scitranslmed.abk2709.

Zhou PH, Wu M, Ye CY, et al. Meclofenamic acid promotes cis-
platin-induced acute kidney injury by inhibiting fat mass and obesi-
ty-associated protein-mediated m°A abrogation in RNA[J]. J Biol
Chem, 2019, 294(45): 16908-16917. DOI: 10.1074/jbc.RA119.
011009.

Zhu SM, Lu Y. Dexmedetomidine suppressed the biological behav-
ior of HK-2 cells
ALKBHS5[J]. Inflammation, 2020, 43(6): 2256-2263. DOL: 10.
1007/s10753-020-01293-y.

Ning YC, Chen J, Shi YQ, et al. Genistein ameliorates renal fibro-
sis through regulation via m6A RNA demethylase
ALKBHS5[J]. Front Pharmacol, 2020, 11: 579265. DOI: 10.3389/
fphar.2020.579265.

Xing J, He YC, Wang KY, et al. Involvement of YTHDF1 in renal
fibrosis progression via up-regulating YAP[J]. FASEB J, 2022,
36(2): €22144. DOLI: 10.1096/{).202100172RR.

Wang CY, Lin TN, Ho MY, et al. Regulation of autophagy in

treated with LPS by down-regulating

snail

leukocytes through RNA N‘-adenosine methylation in chronic kid-
ney disease patients[J]. Biochem Biophys Res Commun, 2020,
527(4): 953-959. DOI: 10.1016/j.bbrc.2020.04.138.

Cheng Y, Chen YN, Wang GD, et al. Protein methylation in diabet-
ic kidney disease[J]. Front Med, 2022, 9: 736006. DOI: 10.3389/
fmed.2022.736006.

Xu ZX, Jia KQ, Wang H, et al. METTL14-regulated PI3K/AKkt sig-
naling pathway via PTEN affects HDACS-mediated epithelial-mes-
enchymal transition of renal tubular cells in diabetic kidney dis-
ease[J]. Cell Death Dis, 2021, 12(1): 32. DOI: 10.1038/s41419-
020-03312-0.

Li MN, Deng L, Xu GS. METTL14 promotes glomerular endothe-
lial cell injury and diabetic nephropathy via m6A modification of a-
klotho[J]. Mol Med, 2021, 27(1): 106. DOL: 10.1186/s10020-021-
00365-5.

Liu BH, Tu Y, Ni GX, et al. Total flavones of Abelmoschus mani-
hot ameliorates podocyte pyroptosis and injury in high glucose con-
ditions by targeting METTL3-dependent m’A modification-mediat-
ed NLRP3-inflammasome activation and PTEN/PI3K/akt signal-
ing[J]. Front Pharmacol, 2021, 12: 667644. DOI: 10.3389/fphar.
2021.667644.

Jiang L, Liu XQ, Hu XR, et al. METTL3-mediated m°A modifica-
tion of TIMP2 mRNA promotes podocyte injury in diabetic
nephropathy[J]. Mol Ther, 2022, 30(4): 1721-1740. DOI: 10.1016/
j.ymthe.2022.01.002.

Xia CL, Wang J, Wu ZY, et al. METTL3-mediated M6A methyla-
tion modification is involved in colistin-induced nephrotoxicity
through apoptosis mediated by Keapl/Nrf2 signaling pathway[J].
Toxicology, 2021, 462: 152961. DOI: 10.1016/j.tox.2021.152961.
Lu ZH, Liu H, Song NN, et al. METTL14 aggravates podocyte in-
jury and glomerulopathy progression through N°-methyladenosine-

dependent downregulating of Sirtl[J]. Cell Death Dis, 2021,


https://doi.org/10.1371/journal.pbio.1002557
https://doi.org/10.1371/journal.pbio.1002557
https://doi.org/10.1371/journal.pbio.1002557
https://doi.org/10.1016/j.cell.2016.11.045
https://doi.org/10.1016/j.cell.2016.11.045
https://doi.org/10.1016/j.talanta.2021.123151
https://doi.org/10.1016/j.talanta.2021.123151
https://doi.org/10.1002/ange.202105253
https://doi.org/10.1002/ange.202105253
https://doi.org/10.1002/ange.202105253
https://doi.org/10.1002/ange.202105253
https://doi.org/10.1007/s00018-020-03594-9
https://doi.org/10.1007/s00018-020-03594-9
https://doi.org/10.1016/j.molcel.2018.08.011
https://doi.org/10.1016/j.molcel.2018.08.011
https://doi.org/10.1016/j.molcel.2018.08.011
https://doi.org/10.1038/s41556-021-00709-7
https://doi.org/10.1038/s41556-021-00709-7
https://doi.org/10.1038/s41556-021-00709-7
https://doi.org/10.1021/acs.analchem.8b01703
https://doi.org/10.1021/acs.analchem.8b01703
https://doi.org/10.1021/acs.analchem.8b01703
https://doi.org/10.1021/acschembio.9b00655
https://doi.org/10.1021/acschembio.9b00655
https://doi.org/10.1021/acschembio.9b00655
https://doi.org/10.1021/acschembio.9b00655
https://doi.org/10.1002/ame2.12194
https://doi.org/10.1002/ame2.12194
https://doi.org/10.1002/ame2.12194
https://doi.org/10.1002/ame2.12194
https://doi.org/10.3389/fmolb.2021.654465
https://doi.org/10.3389/fmolb.2021.654465
https://doi.org/10.3389/fmolb.2021.654465
https://doi.org/10.1152/ajprenal.00222.2020
https://doi.org/10.1152/ajprenal.00222.2020
https://doi.org/10.1152/ajprenal.00222.2020
https://doi.org/10.3389/fgene.2020.584460
https://doi.org/10.3389/fgene.2020.584460
https://doi.org/10.3389/fgene.2020.584460
https://doi.org/10.1002/jcb.29258
https://doi.org/10.1002/jcb.29258
https://doi.org/10.1126/scitranslmed.abk2709
https://doi.org/10.1126/scitranslmed.abk2709
https://doi.org/10.1074/jbc.RA119.011009
https://doi.org/10.1074/jbc.RA119.011009
https://doi.org/10.1074/jbc.RA119.011009
https://doi.org/10.1074/jbc.RA119.011009
https://doi.org/10.1007/s10753-020-01293-y
https://doi.org/10.1007/s10753-020-01293-y
https://doi.org/10.1007/s10753-020-01293-y
https://doi.org/10.3389/fphar.2020.579265
https://doi.org/10.3389/fphar.2020.579265
https://doi.org/10.3389/fphar.2020.579265
https://doi.org/10.1096/fj.202100172RR
https://doi.org/10.1096/fj.202100172RR
https://doi.org/10.1016/j.bbrc.2020.04.138
https://doi.org/10.1016/j.bbrc.2020.04.138
https://doi.org/10.3389/fmed.2022.736006
https://doi.org/10.3389/fmed.2022.736006
https://doi.org/10.3389/fmed.2022.736006
https://doi.org/10.1038/s41419-020-03312-0
https://doi.org/10.1038/s41419-020-03312-0
https://doi.org/10.1038/s41419-020-03312-0
https://doi.org/10.1186/s10020-021-00365-5
https://doi.org/10.1186/s10020-021-00365-5
https://doi.org/10.1186/s10020-021-00365-5
https://doi.org/10.3389/fphar.2021.667644
https://doi.org/10.3389/fphar.2021.667644
https://doi.org/10.3389/fphar.2021.667644
https://doi.org/10.1016/j.ymthe.2022.01.002
https://doi.org/10.1016/j.ymthe.2022.01.002
https://doi.org/10.1016/j.ymthe.2022.01.002
https://doi.org/10.1016/j.tox.2021.152961
https://doi.org/10.1016/j.tox.2021.152961
https://doi.org/10.1038/s41419-021-04156-y

* 150 -

[58]

[59]

[60]

[61]

[62]

I R 1B s 2 3k 2024 4F 2 J1 405 24 %55 2 1 J Clin Nephrol, February 2024, Vol. 24, No. 2

12(10): 881. DOI: 10.1038/s41419-021-04156-y.

Zhao HH, Pan SK, Duan JY, et al. Integrative analysis of m°A reg-
ulator-mediated RNA methylation modification patterns and im-
mune characteristics in lupus nephritis[J]. Front Cell Dev Biol,
2021, 9: 724837. DOI: 10.3389/fcell.2021.724837.

Wan F, Tang YW, Tang XL, et al. TET2 mediated demethylation is
involved in the protective effect of triptolide on podocytes[J]. Am J
Transl Res, 2021, 13(3): 1233-1244

Wang JL, Gibbert L, Djudjaj S, et al. Therapeutic nuclear shuttling
of YB-1 reduces renal damage and fibrosis[J]. Kidney Int, 2016,
90(6): 1226-1237. DOI: 10.1016/j.kint.2016.07.008.

Fraser DJ, Phillips AO, Zhang X, et al. Y-box protein-1 controls
transforming growth factor-betal translation in proximal tubular
cells[J]. Kidney Int, 2008, 73(6): 724-732. DOI: 10.1038/sj.ki.
5002719.

Wang L, Zhu N, Jia JS, et al. Trimethylamine N-oxide mediated Y-

[63]

L64]

[65]

box binding protein-1 nuclear translocation promotes cell cycle
progression by directly downregulating Gadd45a expression in a
cellular model of chronic kidney disease[J]. Life Sci, 2021, 271:
119173. DOI: 10.1016/j.1f5s.2021.119173.
Breitkopf DM, Jankowski V, Ohl K, et al. The YB-1: Notch-3 axis
modulates immune cell responses and organ damage in systemic lu-
pus erythematosus[J]. Kidney Int, 2020, 97(2): 289-303. DOI: 10.
1016/.kint.2019.09.031.
Mishima E, Inoue C, Saigusa D, et al. Conformational change in
transfer RNA is an early indicator of acute cellular damage[J]. J
Am Soc Nephrol, 2014, 25(10): 2316-2326. DOI: 10.1681/ASN.
2013091001.
Luan JJ, Kopp JB, Zhou H. N6-methyladenine RNA methylation
epigenetic modification and kidney diseases[J]. Kidney Int Rep,
2022, 8(1): 36-50. DOI: 10.1016/j.ekir.2022.10.009.

(ki H 391: 2023-02-03)


https://doi.org/10.1038/s41419-021-04156-y
https://doi.org/10.3389/fcell.2021.724837
https://doi.org/10.3389/fcell.2021.724837
https://doi.org/10.1016/j.kint.2016.07.008
https://doi.org/10.1016/j.kint.2016.07.008
https://doi.org/10.1038/sj.ki.5002719
https://doi.org/10.1038/sj.ki.5002719
https://doi.org/10.1038/sj.ki.5002719
https://doi.org/10.1016/j.lfs.2021.119173
https://doi.org/10.1016/j.lfs.2021.119173
https://doi.org/10.1016/j.kint.2019.09.031
https://doi.org/10.1016/j.kint.2019.09.031
https://doi.org/10.1016/j.kint.2019.09.031
https://doi.org/10.1681/ASN.2013091001
https://doi.org/10.1681/ASN.2013091001
https://doi.org/10.1681/ASN.2013091001
https://doi.org/10.1681/ASN.2013091001
https://doi.org/10.1016/j.ekir.2022.10.009
https://doi.org/10.1016/j.ekir.2022.10.009

	一 mRNA甲基化的分类及相关酶与蛋白
	1 m6A甲基化修饰相关酶与蛋白
	2 m5C甲基化修饰相关酶与蛋白
	3 m1A甲基化修饰相关酶与蛋白

	二 m6A mRNA甲基化在肾脏疾病中相关研究
	1 m6A mRNA甲基化在AKI中相关研究
	2 m6A mRNA甲基化在CKD中相关研究
	3 m6A mRNA甲基化在其他肾脏疾病中相关研究

	三 m5C mRNA甲基化在肾脏疾病中相关研究
	四 m1A mRNA甲基化在肾脏疾病中相关研究
	五 甲基化相关检测技术
	六 展望
	参考文献

