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[ Abstract] Infertility affects an estimated 10 to 15 percent of couples worldwide, with approximately half of the
cases attributed to male-related issues. Most men diagnosed with infertility exhibit symptoms such as oligospermia,
asthenospermia, azoospermia, and compromised sperm quality. Spermatogenesis is a complex and tightly coordinated
process of germ cell differentiation, precisely regulated at transcriptional, posttranscriptional, and translational levels to
ensure stage-specific gene expression during the development of spermatogenic cells and normal spermiogenesis. N°-
methyladenosine (m°A) stands out as the most prevalent modification on eukaryotic mRNA, playing pivotal roles in
various biological processes, including mRNA splicing, transportation, and translation. RNA methylation modification is
a dynamic and reversible process primarily mediated by “writers”, removed by “erasers”, and recognized by “readers”. In
mammals, the aberrant methylation modification of m°A on mRNA is associated with a variety of diseases, including male
infertility. However, the precise involvement of disrupted m°A modification in the pathogenesis of human male infertility
remains unresolved. Intriguingly, a significant correlation has been found between the expression levels of m°A regulators
in the testis and the severity of sperm concentration, motility, and morphology. Aberrant expression patterns of m°A
regulatory proteins have been detected in anomalous human semen samples, including those of oligospermia,
asthenozoospermia, and azoospermia. Furthermore, the examination of both sperm samples and testicular tissues
revealed abnormal mRNA m°A modification, leading to reduced sperm motility and concentration in infertile men.
Consequently, it is hypothesized that dysregulation of m°A modification might serve as an integral link in the mechanism
of male infertility. This paper presents a comprehensive review of the recent discoveries regarding the spatial and
temporal expression dynamics of m°A regulators in testicular tissues and the correlation between deregulated m°A
regulators and human male infertility. Previous studies predominantly utilized constitutive or conditional knockout
animal models for testicular phenotypic investigations. However, gene suppression in additional tissues could potentially
influence the testis in constitutive knockout models. Furthermore, considering the compromised spermatogenesis
observed in constitutive animals, distinguishing between the indirect effects of gene depletion on testicular development
and its direct impact on the spermatogenic process is challenging, due to their intricate relationship. Such confounding
factors might compromise the validity of the findings. To address this challenge, an inducible and conditional gene
knockout model may serve as a superior approach. To date, nearly all reported studies have concentrated solely on the
level changes of m°A and its regulators in germs cells, while the understanding of the function of m°’A modification in
testicular somatic cells remains limited. Testicular somatic cells, including peritubular myoid cells, Sertoli cells, and Leydig

cells, play indispensable roles during spermatogenesis. Hence, comprehensive exploration of m°A modification within
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these cells as an additional crucial regulatory mechanism is warranted. In addition, exploration into the presence of

unique methylation mechanisms or m°A regulatory factors within the testes is warranted. To elucidate the role of m°A

modification in germ cells and testicular somatic cells, detailed experimental strategies need to be implemented. Among

them, manipulation of the levels of key enzymes involved in m°A methylation and demethylation might be the most

effective approach. Moreover, comprehensive analysis of the gene expression profiles involved in various signaling

pathways, such as Wnt/B-catenin, Ras/MAPK, and Hippo, in m°A-modified germ cells and testicular somatic cells can

provide more insight into its regulatory role in the spermatogenesis process. Further research in this area could provide

valuable insights for developing innovative strategies to treat male infertility. Finally, considering the mitigation impact of

m°A imbalance regulation on disease, investigation concerning whether restoring the equilibrium of m*A modification

regulation can restore normal spermatogenesis function is essential, potentially elucidating the pivotal clinical significance

of m°A modulation in male infertility.
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Fig 1 Studies on the roles of m°A regulators in spermatogenesis

SSC: spermatogenic stem cells; US: undifferentiated spermatogonia; DS: differentiated spermatogonia; METTL3/14: methyltransferase 3/14; FTO: fat mass and
obesity-associated protein; YTHDF2: YTH N°-methyladenosine RNA binding protein F2; IGF2BP1: insulin-like growth factor 2 mRNA-binding protein 1; ALKBHS5:
human Alk B homolog 5; YTHDC2: YTH domain containing 2; PRRC2A: proline rich coiled-coil 2A.



ERE WS N HUR R LR 7R A R R R 531

K PEUNREIA L mRNA FRIme AR, AL
180 50K & A RN 20 A T AH DG 14 3 BRUK ST & A AR
S HORRE A0 e A 2 T RS0 A KR A ep ) & A
Mg T2, ALKBHSFIMETTL3 i3 ] -4 £ 15 KL 28 20
R EE A 2 (R AT ARG 40 B P B m° A B i 7K - 3% 7
ETE, DA me A B A B m RN A B 25 5 Bl 06 % 2 8 422 1
circRNA, 5lfEcircRNAM B R . KL, B 5% #
ALKBHS5AIMETTL3 Y /78 i me AR ) 7 2 4 R AS
20 i 28 RS Tt B b cire RN A 35, DABAAR: 1E 3 RS
T

/N ERGC- DA 5 4 i 35 v iy 2 HH AL B FTO R i ok
J&i, B 45y SR A L E AR (MCC) MR A, WIMADL .
MAD?2. BUB1. BUB1B. BUB3MICDC203 ik /K- . 2%
Ik, mRNAFRE P F R, e kS8 402, I S 4l i Ae
A 2257 340 P LA B AR . I Ah, CDK1/CCNB2# ]
AP IS T R, S E0R 540 A G, 2 M HE S 40
J ST gt — 2 SR B ETO ] BE -S54 SR 1 41 e A 7
PR YIM

A —TGRIF ST 3B, FTOM AT L me AR 1) 5 281 e
PR A2 R RIIE, RS & 25 R0 52 3 ) 5 240 B s 22 1 1)
T RS EXEENENH. MEBRTEE RN
TWAFTOMILIfE 27, S EFTOM MM A me A
MR AN, FERATT K S IR FTOM h 7 i) REXHGYT ks T
E B TC RS RE B WETE DI AN A, R0t T rh 4R 55
FEP, BRI, BT FTOMIIE Al Ae 2y | A i, PRI
B NSEH BIBET, 275 % B m AR SC R (e IR N k4%
HIFEF, ARG IEFTOX B E R M AEIR T T AR
3.3 mAZEERIAERTFRE

AT B me AU AR G A U R E mRNA B Y
m°ABHI S 5 & RN AU R, [RIREXI A 7 A 256
HE, YTHDC2HE NI 53 5405 2l i) H 225 S fm Az A
FZ—, S MEIOCH: [F 1 TR 547 22 73 R4 B A5 53 54
FEAE, BEME LR B me AR L S MRk Yehdc2
J&, /NS L me A I mRNA F2 BESE N, 545 4253
AW CCNA2ZE /K L3, y-H2AXFISycp3 7K F F
I, R EORE B B AR 2 T rb, BEAS R RG
T A, XERYTHDC2 4 HFMEME A= 55 41 - mRN A
IR I 5 14, 700 20 M 1E A\ Sl 5o 24 0 &
FEH AR,

YTHDF27E MG [ 40 i AR 200 160 1% 20 it o v s 23K,
Z 57T GC- VKGR0 R 1R RS A A, M 7E/ N2
FUHPRE SRR Yehdf2)5 , 7853 A0 ARG T 200t [ R 2R A
R0 0 AR P, mCAMB T ATY THDF2#E [] (1 5% S AH

FFEH (UNBrwdl ., Jarid2. Egr1F Tsc22d3) FEffHE % T 1%,
5 LS A s, /N B RS A AR R IR U 1, R S 14
AT T AR, BOEAS 808 N, e 8uv N 2R
A eI Z

IGF2BP1#E NG LS IR S8 L2 F] 1 2Rk 7K
AFTE B 255 . IGF2BPIFERIG 0 (AT iR 10 ) 3222
FIRAE ISR AR 5 3 AR LRI (2220 ~ 258D 5,
IGF2BP 1/EVAR 21 A rfr (1) 22 35 980/ T 7 A5 K 4 i 2 2 44
s 7E RN S U, R IR AR RS I 40 L, ax 3R B
IGF2BP1 A REAES2 AL R B R 346 AN T sl i VR P

TEVRECT 2L 1 Hi A, PRRC2A 55K 5 40 fifo 4 S5 ik A
(Plzf, Foxol, Sall4fliSox3% ) 454, WAF T IRFr 55
S, ARG K LR A 223 35 E R 324 PRRC2A
i 5 Z ] B fFmRN AR/ SR HF BH A Ga i D (4
YBX1, YBX2, FXR1, PABPCIHIEIF4G3) M T AFH, Al fE
T RSN 6] A AR P AR R 20 0 4 S mRN A
fif s RHIE . RUBR Rppe2afs, A BRANAE HY IR YL (ARG 22 4
G S SO AL R A SR LR L R R B
ZRYIAIG, KT R TR 2L T s, 4
PR T DA 53 24T M 2R I 538 2, e T RS
FEAHL 5 RDE RS TP BOR A R i T,

m°AZE A B FIDORE - & A B ) AR A B AL 2 1f
I 78 3 i RS, 24 BT 22 45 BE T A O 1 A A Y B
m°ALS G PN m A . A5 T IFRN A T
RIECHAE N, B B H S 5 kA RENHE
AR, hit— LR RXEE R TIRE, Ak ] LIF
FH 55 38 O 2 B R U M me A LS A B XL bR
mRNA, JFii i 2 2R A U5 B2 0 0 25 6 55 B A ik
TTIRUE . HEAb, 456 I PRAEAS 23 A7 i) LAAHE ) B A m e A 45
GEARE SHEATZEGKRER, BIFEHIRIT R
WA B

Zi F ATk, B Fme AR SCE A7ER T & R i
FERC A —E R T, (LR TR R, @
m A G AR I AR B 2R SR P R R B, 45 5 R 5
SO TR A B T — 20 T ffme A SR 8 A
K7 A B B E LS4 o A, Bl A e
TEFTOMHI) P & FRRIG YT BE A8 10 25 1 oik J5t 1 L i e
PR ALY, X R AT LA 2% m® AAH 5& 85 90 i 570 s 38
B3, I B H A TFI697 B mC AZKSFE R IR 5 AR T &
Az R T S B0 S PEAN T S5 A DG

4 mARRIHRRXENTE

B 7K 10 0 R e WL SR 2 2 I B B —



532 PR (BE2E R

5 554

Ao BT IRCE RS0 HT 425 S A m A P35 10 )5 702
FHTFm AP E 4, HIm°A-seqf1FH FEALRN A G RE DLTE T
J¥ (MeRIP-seq), B Rrm AN s 4 FE100 ~ 2004% H 1R
(nt) AR AR, BT R T —SEme A AR FEEk
TP LGS 3 BRI R O s, AR T m e A G G A
AR B R (0 )T s DART-seq™, 2T m°A H L1k fi
TN VIR MAZTER-seq™, 3£ FFTOBHHBIIm ATk
hRicimeA-label-seq ™. FRLEZE T Kl me A AY &

BI7k, IR T A TNEN B AR BRI o

m® ARG 7k ) s J R R AR ik T AR AR ) A
WAAER DI RERBLRIATTE . SR, H AT 7 LA AN A
AR B TR (BERDIRZS T, ol LUABI7ERAR R
B ZRAE T oS A I me AZKF) o AR, mC AN 7
TERLIE B LUT 260 BUIA L 845 57 | LB 20 R R
RNA A B 58 (ng) H 2 FAHIKF, LI REAS 52
BT meASE BEAGI .

®1 mABHHEERNTE

Table 1 Main testing methods for m°A modification

Main testing methods Advantages

Disadvantages

Thin layer chromatography[m

[41]

Dot blot Very convenient

LC-Ms/MS™ High specificity and sensitivity

37]

m°A-seq and MeRIP-seq[ Detection of m°A sites

DART—seqm] Low-input and simple procedures

MAZTER-seq™”

SMRT"” Base resolution and quantitative
measurement
m°A-label-seq™”

m°A-SEAL™

Single-base resolution
High specificity and sensitivity

Nitrite-mediated deamination™ Fast detection

No involvement of sophisticated technique

Highly specific and antibody-independent

Requirement of radioactive reagent
Not a quantitative measurement

Contamination from bacterial systems

Non-specific binding; high false positive rate because of the non-specific
binding
Not suitable for clinical samples and tissues

Limited motifs; only identify 16%-25% m°A sites

High false positive rate when the abundance of modification is low

Low incorporation efficiency (only 0.005% of unmodified adenosine)
Extra FTO

RNA degradation; low reaction yield
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