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Abstract: N°~Methyladenosine (m°A) modification is methylation of adenosine nucleotides at the N6 position
in RNA molecules. It plays a pivotal role in various pathways of RNA metabolism such as mRNA splicing,
translation, transportation, and degradation, widely affecting life processes. Autophagy is a natural process in
which eukaryotic cells use lysosomes to degrade cytoplasmic proteins and damaged organelles under the regu—
lation of autophagy-related genes. Herein, the research progress of m°A modification in regulating autophagy
in the occurrence and development of male reproductive diseases was summarized. It aimed to provide refe—
rence materials for studing the regulatory mechanisms of male reproduction through autophagy level regula—
tion by m°A modification, and offer novel therapeutic strategies for treatment of male reproductive diseases.
Key words: N°-methyladenosine (m°A) modification; RNA modification; autophagy; male reproductive disease;
male infertility
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1 HEEATFHEXHARHERE

CAMIESE H, TR AR A TR RN E
0 8%~12%M, Fe 2147 50% 2 I3 P R 3% 366 h
el BPEA T R E B RO — 2R
BRI, HH RTF 2 AR B R 2 i R B A
BAIBIT T-Bt. SEBMEATRIREA ZM, £
AR R G i R MEA T AT
FEGPIRISEN 60, FEBEAT B FE T, A2k
60%~T5% W B R R IEAT, M TAF B9
e AN YR, AR N 55 R e PO A 1 E S
TR EAEIRY, TRER B AN R AL
07 B 3 A S 5 | AR A IR AR il e 0 T B
TEC YRR B AT, W Am LB AT A
S K, MIBEAFTIGTT RA—ER
R RIS 2R,

Bl 531 A A AE A S Tz L, X
BT WL 2B BTIRA, X H o745
P RETHITFEAT B IS W FG S 7 HS T et &
R BVEAF RS A FIE R T-Be . 8l
SRR AT I — TR, A R 5
B R S i R B ARRERE MO T E, R
R 259 A RIB AL R A IFT 2R
7 T 8 K 32 /K (androgen receptor, AR) ., %&£
YA 5 AL S8 5 R F(cystic fibrosis transmem—
brane conductance regulator, CFTR) % At JE [A (19 45
SPEBRR A ZEAR, DL Y Y i n S5, e
PRI A ) H B 78 T #5 D10 5% (copy number
variant, CNV)FEPE & & BEAS A A9 81 22/E Y, 5%
NGAF S E AR E TEX11 (testis expressed
1) DMRT1 (double sex and mab-3-related tran—
scription factor 1)\'WAFREH 5 T0RE FHEAH G, JT4E
Kk, SMR T E BT B A TGN
PSR, HF9E N B is AZEORTER T BB
G R I TV S EWREP 1) H E
o N, CFAPAT (cilia and flagella associated pro—
tein 47) RS S 2x S EON THE B 2 LB R W
(multiple morphological abnormalities of the flagella,
MMAR) AR BYEART , 1% RE AL -4 BF ff 3 N 5
KIS HORIAT T HANGS T, R gL
I3 LA K — AR (next—generation sequen—
cing, NGS)SF Iy kI FAR AL 1 BIHEAFAHIC
FERITRZR o IAb, Bop it 45 1R B, Jf kst
1 AR EEENUARR BT A2 28748 (de novo mutation)

WX TR B RE )™ A SR, I ok 2k
B 5L S E R AR FAE.
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M A W) I AR T A A A e R —
TS T AR FX) X 200 D PN A2 48 S T B T
FIIEE AN a8 A TR AR R A2, B 0 2T RE
S XF B2 AV A 2N 5 A P 5 A T R,
TR RS ATP sl AN 25, DAGER:
2 L PN R BE RS E P, X A L X A A AR
FEJ A —Fh S22, AW AT 23 B H I (ma—
croautophagy) /7B /-7 H 1 (chaperone—me—
diated autophagy, CMA)F17#{ H W (microautophagy).
HAl, E A B A W A ke E 2072, BiE
WU B W — O B A g, HOFE o)
2, i A W2 2 AR A AR B R, T
MR KT SRR & Sl i
HE I, BARS O E.
2.2 YRR B A E P EER

Bl W Bk DR R HC T BB O AH S BIF 58 R AT
J&, AR GO B, A WY S FL S
AR BTG EEVIRR, €25 TR
B 2R G HR A5 T A I Y A A i 8l AR RS TE
S5RGFAE JORG ¥ G S RE S5 M A S 1Y
FERHEA P AR, 3R 1 BSE T ARTESEILA
() 20 v e i 1 A BT B,
22.1 BT RET R

K7 A R B AT e B A S 20 L A
SIS e A i B, 4R DK I T A (sper—
matogonial stem cell, SSC)FAE T AU X —d 7, £075%
K I 2 I P 15 58 5 434 RS B0 I B 9 00 2
FERIEAE T IAETE 3 A58, Al [ RS 4 i
B N A RS AR A RIS RY, AW
SEIHANEFREMEERATH R, AWK
AR 7RI S A b Sk B AR 1 ) B e
I A= B 200 T A S e i B B W AR DG BE IR A TG
(autophagy-related gene 7)J5HIHEM/INR, SEALE &
TR, K IR A oA 2k, 2R F RE
B EFRAR, X5 H i A ZEAE RS (5 SOk
FRERFUAA, Z5 1 A TGS BB AR /1N
(i) 2R B H K 50 DD RN 1B 25 57 o S50
AR, HORG 7L ORI i N A R 52 B o
T RO R ATGS YRR 7 & 4
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FIEH A4 5 /E ) BT abds i@, 3 mg R R &
IS5 TOAR A i IO s 4 it 5 o s AR
FKHE M 1 #24% 3 (microtubule—associated protein 1
light chain 3, MAP1LC3) 5% 28 86N 41 A W2 A,
J2 HEIA AR 20 B ARiCy™, Hagok ] REAE
TR /R AT AR Y R T SORE ) il A i rhoke b
SRR WAL, R 2l B B 2 4 i A0 5
Z 5K FHERIE R, By A 1 A B 45 f Bk
IR, DAERPRG ¥ I IE Rz g™, T 8ds i e,
TENFL 3l Wy 2 U I 2 FORS I T 2n i b, i
I b —Fp B AR LS. DFFE R, R
JL RIS B WA RE I o R T A 2
T A BEAE B AE T RSN ORI VR, TR
I RE ORGSR | A 15
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H W5 AE 52 U B AR 41 (somatic cell) 1 HE

FNAERFANNAS S A T PRI, LR SR AL B i
(Leydig cell)hr, HWERERS IR 1T HEMEICR 1974, 2
ISR, B WS S SRR S E AL, fi
B/ NEIRL SR AN AR Y A TGS 5% ATGT 25 AR [E
LRI 2, S A SR A 0 A0 T B T bR
Beclinl FE[H ) AR BUIE] BT AL, S2ER 0 7 A
[F)AE TR R, X -5 1) 5 40 1) 288 o] P 2 i s 2 A7
FB ARSI R (Sertoli cell)H, HIES: 5
AN TR AL 25 H4) (ectoplasmic specialization, ES)AY
TERL, VAHEFRFENBE A0 ML He b iY@ (50, BEIE ES
JE Il — 52 AL 5F B (blood —testis barrier, BTB) ) 5 %
R A3, T T ES W) RE A8 SR 740 i 1 &
AR SRR SRR AN P ) A TGS B
ATGT F4- BN/ N AR NEHII AL, KTk
VRIRHE; L, A WA 2 FE PDZ A LIM £
WA 1 (PDZ and LIM domain protein 1, PDLIM1)

TEANME TR AR R, DT IR A1 L - 22 49 1 3,
AL 2R FUMRRY, IAh, AR, HES S
R M A0S 8 TP R DS Ly, FEXTE R 45 A 4
[1 (androgen—binding protein, ABP) )& il 43 W H:
APAE R RSN RI, ABP 5 5K L S
FrRanfa (i L3 g fi9,

XLERETE R, BRI S22 S b
A58, AR ST H AR FABLH] & AT BERY(5 58
PR L 2L IR A

3 mA B S 5t EEER

3.1 mA fEimEiR

m°A RIS TE IR R N6 8 1k A
BIHEAL, |2 AL T A A AD RNA 55,
J& RNA b & iR 4 5 ) — R ML &1, 18
mRNA 942 B iz ki | i 2 2 A e
FARERBEVE AN, mOA A 2 3 MY
HE AR PEhA REOR Y, B SEh m°A IR
Bt (writers) AL, FAZ O 8 1T R0AE P BB AL
3 (methyltransferase-like 3, METTL3) , F 3& 4% F2 il
¥ 14 (methyltransferase-like 14, METTL14)F1 Wilms
JiiJE 1 AHCEE 1 (Wilms” tumor 1-associating pro—
tein, WTAP)%; Bife ok meA 25 H LAk i (erasers)
W, HFEATHE alkB [A]EY) 5 (alkB homolog 5,
ALKBHS) 5 g ifj 52t F1 I Jik AH 5C 25 11 (fat mass and
obesity—associated protein, FTO); 5 J5 # m°A 454
1 (readers) YTHDF2 [YT521-B homology (YTH)
domain family protein 2].YTHDF1 (YTH domain fa—
mily protein 1)5 YTHDC1 (YTH domain—contai—
ning protein 1), m°A BIfifEAEYI LT T
M Al R e e R RS | S ST B A i
RNA A AH L 7 25 25 M A 4 2 D e S 1)

*1 BREZALNEEBAMPHEEGE
Table 1 Physiological functions of autophagy in different cell types of the testis

Cell type Autophagy related process Autophagy related gene Reference
Germ cells Spermatogenesis ATGS, ATG7, LC3 [25-29]
Cytoprotection
Acrosome biogenesis
Cytoplasm removal
Flagella biogenesis
Somatic cells
Sertoli cells ES assembly ATGS, ATGT [24, 30]
Cytoskeleton organization
ABP metabolism LC3 [34-35]
Leydig cells Testosterone biosynthesis ATGS5, ATG7, Beclinl [31-33]
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SRR,
32 mA fBInEE AR RIER

CA TR, R 2L LR &
KT R&A IR m°A B A EEERH, mA )7
WA TS 1 RNA m°A 5 A6 1 18 5 5400 RNA
FRBHETERE 7 & 4E, méA B1i7E LT B A 28 R
BN A Ak, MBREEAL I meA JETY
TS HHE mRNA UG, RASEN T 24
BFERFRIAN T,
3.2.1 mA VI AEASEEaG AT

Hij 5 B9 (prostate cancer, PCa) & & H MET-
TL3 fHAE R 3Rk, Bl A% Hh (Hedgehog)i %
AR 1 9 9 200 B ) 38 A 552 B0 /N B
H L 56 R g L ) METTL14 #1 METTL3 Bil% )5,
e i 40 /R A e Hp O B 4 R T R R,
A FEAN Y meA KRR R T 2 i 5 o)
AAH S SE R F 3R 2R 8, DA (RS 1 & 2B 32 B, /)N
SRR H P (AR T T B HE R R AR T
SRS, AT A5G FE, Sk T
FE AN T B IR A, AR R, AZEES
K I BRFREFEA H B RNA mA /K8 5
FIER 4, FIEERE METTL3 /S AR T RNA
o meA JKOF T AT R SE R 6 7 B AR Y B i
DN, 255K FRE A AR R 2,
322 mlA XV EALER 9 R 3

WG, 7E99RE FAE R E  meA S
fLBE ALKBHS S5 16 80 HA M E A LKBHS
FE R 76 554 I R AR B AR IR &
A, T meA B ST IEE A, R L H b
fitt ALKBHS (IR R4 806 F RNA o meA &
7K ST, fEBde ALKBHS FEIR /RS2 L
W, mlA B HKE FAE E T, SEUNRE R T
TEASH EIRFVS/ NFAE SRS, A
WFFE A, P8 UL P 4300 T S 28 10 55128
7% R —Ji5[di—(2—ethylhexyl) phthalate, DEHP]
ALEA ] FTO 51T mbA /K- B, S 308 AL
[ AN T, NS | A FEBRAT, BeAh, Ao
NN TCHE FARE B R b e th 1 21 A4
ALKBHS5 R7ZEFN 12 4~ FTO 878, #HK 40 ¥1 R
ALKBHS5 Tl FTO FE R 2378 50R5 W ot 2t 2 A8 2% 1)
FHIE, mRNA 25 B Ak S8 sl B 1 AR B AR 1 k%
IR — a7,
323 mA ZAEGWIAT

YTHDF2 76 N Hi4 Bfdes 4 R A 4irp s &

i, IS meA RIS EE G, il RNA A%, vE
fre 2t FT o) s A X A S e R A AR AL
) ] 4 6 1] SRR 2 PP 87 B HOAH G B T 9 (clus-—
tered regularly interspaced short palindromic repeat/
CRISPR-associated protein 9, CRISPR/Cas9)4% A fili
B NEURS B4 ) Y THDF2 SEIR R, B8 Bt
J< B YTHDF2 i 1:d B2 00 m°A. {6 1 B i Jo < ) 2
[ i (matrix metalloproteinase, MMP)JE K f) £ 5 P
KA VKRG TR0, WA IS5 A, BT
AR R M ETONE TAE B SRR R T
mRNA 215K B {25 34 B9 ALKBHS \METTL3
F1 YTHDF3P,

LRI R T mCA BIESEILRE KT
R A TETE R IRE P AR A ZAE L, R mA
M SRS 1R LR S5 R B B DI OC . (H H RTAHSGATSE
THRABR, AR T R ARIRYT, LA B m°A
AR A FE B A T EAAHTLR, So0Rs Ay
PELEFHPR IR T ARG AT R SR AR 0 R

4 mAEIREATHEEARKES ST
HEFETRTR

41 mA EHRIZEEERSSEMaH

SEEATERS TR AR S R R BCE E A
F, S2UIE] 5T 40 R 5 S R R 32 3
SR R = 2 (RS 1 A LR A R 2 Bt 1k, A
15 RIS 245 WA s A iR Ak, Rvks ¥
RS R AN, HETIT R EOCRS TE /DR T4E
e AN MR AR R I S A B 5%
S AR, RS AL A o e R R,
IETEAWTEL . B WA T AT S L] B An i, Jf
Bt S2 LI B A o f G o, SR AR RS2
FUI] BT AH L B TR, BIFER B, meA B[R]
FERT LU 55 PR A B A A D 2052, 1 EL, m°A
AB i 2o R SE AL E] ST A A ) WA 1 SR 5
JiG, A5 LI 5T 0 DA T A0 1) B4R S L] S5 4
f ot A b, B R RS i METTL14 f K-
R, 2 HEALEE ALKBHS BY7KF- 0132 8 7t e,
AT 5 52 AU TA] BT 40 ff P mCA 79 mRNA F AL 7R
JE R R, EIEEISES . AMPK-mTOR-ULK1/2 (ade—
nosine monophosphate—activated protein kinase—ma—
mmalian target of rapamycin—unc-51-like autopha—
gy activating kinase 1/2)il B EHLIARE 2 5 IH#E
2 M 1 Wk e T £ S B, A B E A AR
HRNA FUEPE, €t AMPK 4% 15~ PPM1A
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(protein phosphatase magnesium—dependent 1A) ]
FHIE, FEAIX AMPK IEJE#% [ F CAMKK?2 (calmodu—
lin-dependent protein kinase kinase 2)#J ik, M
T30 AMPK 3 PEFEARAIFG S 19 8w, %
RIRA B TR meA 75 B WP i E 2,
FESEMRERZ.  TORE FE FI/ARE e b, JE e
1] m°A RNA i &7 HGTT SRmg,
42 m'A BiRRE %S 5HI5IRE

HISGHERN METTL3 5 m°A 4542511 YTHDF2
PAE R IR A P Rk, JF L meA R 5
A FE i 51 s 200 M A B B . RREBR METTL3
8¢ YTHDF2 W] 05 #EFE ) LHPP (phospholysine
phosphohistidine inorganic pyrophosphate phospha—
tase)5 NKX3—1 (NK3 homeobox 1), FE4HI 5 (138
Ji B (protein kinase B, PKB; WAFRIE Akt)ill {15 ME,
AT BEL BT 240 R A P A P ) M5 1T R
Akt (5 S BRI AN B Wk ) B S i,
TR LR e I A0 ML ) F PR T8, RNA
LA RS i L #E ) ATGS I ATGT 145 A W
R HE o R 25 FR AL BN FTO J5, ATGS A
ATGT HYZRIEBAKF T K, S E2CA W/ MATE 0855,
PTG 1 0 R0 W 10 s 3k — 20 BB 5 % B,
ATGS5 Hl ATG7 & YTHDF2 {4 {f FH#E £, FTO
DU, meA JKF-EER ) ATGS Hl ATGT 3% 5% A%
B YTHDF2 fifi3f, 350 mRNA B A1 5k ik
BEAER, DT sl b A AR T AR 0 b 5Rik FTOM
SRR T 20 M A0 B, S BOILE, 52 i )
a7 ) R XU,
43 m'A Bi6REBES5 i £ R G RER

W 6 P ) AR 5 NS IR B R A R R
YIRAOK, HAE M A Z Tl R AR, (A 3

TN moA A n] BETE i P85 A Wi /K1 FiT 91
JURAER 55 e 1 S AU SR A 4 AR G R P
I ) e e b g K N 2 IR B T, H AT %A
KT mOA B B WL M A S B P B
PLRIBIBESE, T Z i — P R ERZOR 7R moA B
1 Wt =2 T A ELAE P A A T A B e
HEERIBLE] . (EAF— S B0R, SCT meA B i
N E WKL P A B P R, DFSEA B
Oty T —ERERRI . HRPIEERE
B, meA A Y A WKL L PR AR AR SR
AR Hh A A EEAE . BN, ALKBHS BENAE
BB S R AR, IS EGFR-PIK3CA-
Akt-mTOR (EGFR, epidermal growth factor recep—
tor; PIK3CA, phosphatidylinositol 3-kinase catalytic
alpha polypeptide)f5 5 1E s, TR A ES, £E
F B R & A R R YR, METTL3 3358 /0 5%,
METTL14 3724 30 m°A ZCFREAR, DT 1 37
NS R IR R LEA LG 2 (mam-
malian target of rapamycin complex 2, mTORC2)34
%, Akt 18 BRPOHOE, A IR AN S A,
HER] L, mA R Y F WK 2 S TR A FE
o IR E A AR SER AR IE o

5 REERE

25 BT, moA BRI M S S i A
BRI IR R R SRR IAR G, H. m°A BT
FIWER Y o R A o m®A RNA &4 n] L
R ATG FEN A FRIB L bR A ARSI (5
BRI W, MY 22 b A BRI P A

BA BT, mCA B A WA A
TER NN, CLFELIED) O I JaREs o)

®2 S5 mAREERERN mA 1 BEEXEF

Table 2 m°A and autophagy-related factors involved in m°A regulation of autophagy

mP®A-associated factor Autophagy—associated factor Autophagy level Reference
Writers METTL3 1 TFEB | Inhibition [65]
ATGT7 | Inhibition [67]
ATGS | Inhibition [68]
METTL14 | AMPK regulator Induction [53]

WTAP 1 mTORCI 1 Inhibition [69-71]
Erasers FTO | ULK1 | Inhibition [72]
ATG5/ATGT | Inhibition [60]
ALKBHS5 1 TFEB 1 Induction [65]
Readers YTHDF1 1 ATG2A/ATG14 1 Induction [66]
Beclinl 1 Induction [73]
YTHDF2 1 ATG5/ATGT | Inhibition [59]
YTHDF3 1 FOX03 (ULK1/ATG13/ATG14..) 1 Induction [74]




46 A B

ER

2024 4

2

MR P AGER 2 RH M. &2
BE TS5 moA P AR m°A i E
W AH DG LR 0% 50000 5741 fH T, X meA B Hi 4
FI W 7EMENE AR BB Hh BT TSR B0, B HAH
HAE TR SRR 0 0 BV AN, RSk AR AR R
SETAAE mOA B T H SRR, HE S
5 T A FRAR R AL an ey, 5555, SR 1F
FEIRH o A, meA B F AR R A 2 Rl 25
(9, AR Z R G m°A A0 A RS
PAEA [ R A Sl At b 227 e AN R A 2 2R,
Xt A A e R PR LA PR R 1 AN B
i, T — B IIOR T E . SRR, TRABE
FE meA PR - A SR ) BIL R A
BT B WIS AN T B B AT, o o R R A A i )
FIWEIY K HoR e BESR AR AR 7 P A5 S 3R 7
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