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ML A7 5 X125, 76 38 2 R 4% b & 4% 21 2 VO,

2H R B R LE G (005 1 4 435 1) B 0 vt R 1 O
PEH, X FR 5 2 B VIR, S )it m R g i 4
B8 1% 41 )2 A1 9K &5 )48 (lamina-associated  domains,
LADs). Z4ffJii[X % (chromatin compartments). 4+
J 45 #35k (topological associated domains, TADs)
At 5 3 (chromatin loops)2El'. 415 (1B fE Gt
o3 B BE R v B R DR 2 A A ) A PR OB E A, U
AL RE . BN, FEFSINRaAT 2 dird, SWI/SNF4Y
R EBE SRS HER LML R ICBPL &, @it
WA E A SR, BOE IS RE S I 27 5 52 IR
HRAFWIER, X PR AR BRI I R
EWAE NEIA TSR T rh, 332 FE o SIRT3 (1 i
Fea AR B2 HER AR 28 2 (R E AR AN e € 5 A OC 2R
HIN AR, X FEXLZ 5 Yo 60T 1A AR 3R,
H3K9me3bric [F) 7 G a5 if — 20 B2k, M sk 2>
LADs)78E a5 76 I, H9mge e n] Lk, i s &
ST S s 2 o 3 R A1 M R AR AT Je s 1 B
R BB R, RASRBREHRER.
55 JOAF I A K4 W 3R B (senescence-associated
secretory phenotype, SASP)J& [K| ] 57 #5 5%

PR A O . RIS R, DR
FEHZ M IURRS, Eid/NTAE Y. TR YA
FREMBRATRRS, AP RITRAEH . H
A JE T4 B B ) T TSR e - AT 1, 1
1, HDACHI#7(vorinostat)!'®;  SIRTHIE (1A 4+
W Resveratrol)!'7; 4H 2K 1 HY JE A6 4% i 4111 75 (tazeme-
tostat)!'®);  TEZ A M5 FR 7 (senolytics) BE A R W T
FRU20L ARG DR w5 R R RS, i,
CRISPR-dCas9 £ 4 (#L [7] 1 % 5 22 3 K 10 41 2R (1 15
M) Yamanakal R ¥ 5 #5533 3% (g S5 400 K Bk 3 1%
Oct4/Sox2).

AN HEABMmAE(TEN. o8, 28R
I FLIR 1h) SR Bl 3 22 FINLHEAT 2508, FE e gty
FHRBUREE NG, AT/ 1 25 45 A0 L R s 4 43
ENCY-E il ia )

1 HAEARBHSEE
1.1 H3K4me3
H3K4me3 (ZH 785 FIH3 5B A0 RR = H F 1k & —

PG R B bR L, 18 & A5 R I s
BT, 5T TG (oo 435 4 32 DR s 2 DR 5, 3
T HE S S R T A et i R R SR, (R R 3K,

SO AR, 72 N4 M H3K4me3 1) 7 7
S IR AT e 2 e SR R p2 1 B 2RI, s 4 i
HEP p2l RANIE LB IS 7, HRrERIA
3 A A A2 R R, SGF29,2SAGA  (Spt-
Ada-Gen5-Acetyltransferase) E I3, &5
H3K4me3 (PRI AL RIS, BRI, N3G TG
ZER I O] SR -A 43 25 (liquid-liquid  phase separa-
tion, LLPS), 7E40 A% 41 T2 iah 245 R R e SR AR X
Tt 5 AR I H3K 4me3 1 1R ) R 458 B L S 50 e iR B
FIOASS. it 45 5 H3K4me3 180, 55 XK T
RN F 2B AL EEGCNS Rp2 1 JE 3 FIX, 2
p21FRIL. B — A N R T 40 A 2 4 i A 2 vp
KIL, SGF29 it ik 5 H3K4me3 /K, &Lt
p2 L A 3 22, $HI SGF29 B i A FLAH 7 B g
AR/ p21 ik, R HREL. A, {5k
FF2& R, H3K4me3 (16l 2K AT B8 805 B 8 BT ) A
SRS, IS SRGTE A8 13 KA @', H3K4me3
(R /D T B e o 0o i 30 e 87 PR g 410 o), 3454 5 4
M) R RE 70, (R A i E R E AR RS
YERFEE, T IE K T 1

B T AT AE N 640 M A 2k dL - H3K 4me3 %
R EUA—FERER, RS BRHR
RGBS WA, JEI SRR e R bR
7 S RN R I3 A% T 2 11 55 1 S5 A 0K

1.2 H3K36me3

7575 TN BOFF 28 Hu . TR VP 8% 158 R0 0 7L 3h A 4 it
H3K36me3 (41 FIH3 360 R = W 3L 1b) e 5%
PEM X 4E RIS R A R e, b & S8 SRR E
TR, fREtEEl XS 5H3K4me3 ML H L
ANH.

201 5%F B 50 B IRAE 48 di b R IH3K 3 6me3 il it
PEFFIE SRR M e K Ty, R, H3K36me3 )
D FHRNARAE SR E I, SRR
R ARFE, BIEDNAT S N Z B B ATR/Chk 1, 5%
IR TE Y, WSS E AR A X LB LEFRpd3 4E R
T AP, AT AR S e SRR, MTTIRD i S
PR, X IR R H3K36me3 3B i B s AR A A 5 5
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EERSE AERAGMHSPEE TR U R

Wi g HERE, RN IRH3K36me3 T HEAE N IE L8 352
(w24 202348, 78 BRI B RE Al — 2B R I
H3K36/7 H J: 4 R Bl Set2 1Y) [ fiff A& 19 B 52 22 (1) B B2 K
IR K. HEA CHAEEGenSFE3Z R iEFEHBrel
et Set2 (M2 AL FEAR, FEH3K36me37KF- T [%.
H3K36me3 il 2k 5] 4 5% 2% 1 A2 DR 4 AN R 1
rDNAFE S 74 A0, IR R L. % R
GenSAIBre 138 i 2 H3K 36 F AL 5h 45 520 52 % 13
T2, RNAIRIZEAYLH & B A 1 B R AH B AR A 48 AR
UF A, AHHR IR I8 I 4 1) Set2 4 i 4E 2% 52 & ¥ 7T
THSENES), 20214F, B H /N RA AT E G
I 40 R & BLH3K 36me3 1 2k S 8504 3k R 4 Fa
¥ % (cryptic transcription). I THSCs 1, F PR 44 [X 3k
H3K36me3Wk/>, Tk bt b3, a4
IS RNAFEG T, 0E 2 0E 18 #E NF-xkB A1 41 i
JEL S B T-p16INK4a, 5 5T 4H g 28 2120,

X =AM FE AR FH 3 A H3K 36me3 [y 1E 7 &
ek, MEETEZLHINLH]. CRELL R SR B 4
Fr, BB A R Ra S M R AR e M 4E R, L
FIYIHSCs T FRFE 3 sk 4] (HAE 3R 845 50 R (
ERVIIT), H3K36me3 48 it Ay fig ik e 21,

1.3 H3K9me3

YH R FTH3K9me3  (ZH 8 I H3 58 O i 2 i — Y 2
)R H R e e bR . H3K9me3 o] UL S
H3K27me3, H4K20me3 3k [F] S 5 FE AT BR AN 7 Y €6
TERR, EATRE M K AR 8 2 i FE ke T B 7 e
o5 Gt P, H3K9me3i# 5 DNA 4k iy [ /F
FAR. S 5 e U (T HP U R e Ui S 28,
NDNAFEHE B RS AN, B2l fEp, 7
SR LR AN TN M S S A0 B AN . K A
P, AFE K 4IDNA H AL KF BE AR R 1 K~
F#2%, LADSHIDNATE B 5640 S8R Yot i £ 2%, B%
R PR B PSG K R FIERY, ik -4t a5 214,
M HE W R 1T K BEELOVL2 3 3 78 i b S Bt R ik
N, E MR )

TETEZ YN P H3K 9me3 (& 2k LA WA TH
JREE: Ho— A7 FTH3K Ome3 2 e ft) 25 25 11 2 i Y
HREEESUVIOH A, RKIARDBGETEE, S8
et i X IMH3K9me3 /KT PO, H R B 1 2
FSL ALK DMABE, 330 KFRH3K9me3 &MY, &
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J¢, WernerZi A {iE(Werner syndrome, WS)s&—Ffi . 3%
PESIH, HWRNHERI A 5|82, Hh, WRNE A5 74
AN FISUVIOH LM EAE ), 4ify Ryt ifae
PE. 20154F, BFAEHTEWS S RIFEFIMSCsH, KL
Betty AR iCH3K9me3 ATHP 1 it Z 80, ST YL to
GEFIFA B, TN TG0 M 3 2 . X b S G (0 SR B AP 1)
AR IE % 3 R0 R e A L AR AERY), et i v
WL |2 58 BRI e, (BN A 28 e T8 2 B 1
ANEAHG. 20234, W GURBIERE E & e, 4F
JZ 5 A LaminB 1 1) B i 5 350R% 58 465 F il DR R0 G €20 )3 2
[ EEHE, SUV3IOHI MR BIF0HI, B4 )22 05|
HCH3K9me3Fnict (1 7 e 25t X Sk R fif 2%, S EUERVIT
FEHBOE, SRR R S AR o RE R REY.
SRR ESUVIOH | B 2 I/ H3K 9me3 [ 35
Bic, S8 Yt 5T 2k, X A2 A0 T A4 45 3 11
RUbRE MRS R 2. Hk, HE A% P REILEEKDMALE
M P RERE L, f 5P L BRH3K9me3Frid,
TEHEAISASPAR IR IL-6, IL-825IFTE, TR
S 10 55 23 A RA G, N SR AL S A PR 55 ) 8 R A g 3 3
%[18].

zi b, SUV39H IR BRK DM4ARIE 2 51 S ety
bR EYIH3KIme3 R . LT 20N Yeta i
B R HESASPAHICHE R 13RI, T 51 A4 TG ) Re
FiR. REMBES, R EERH =g
TR AL SR I R EE R, 5 SR 78 A mT LASE )
SUV39H1E(KDMAZEAT T, VK 7 e 0 56 HE 1,
T G 25 55 3

1.4 H3K27me3

YHEE FTH3K27me3 (4 EE FTH3ZE 274 i 2 ik —
FeAb) 2 etk e g e AR R, A BRI AT B
Polycomb Il &2 & 4)(PRC2) /& H3K27me3 [ = B A& 1
B, JLVE T R R BRI 3 3R B A O R 3 0,
kg, 8 CIRBWSHAI | H3K27me3 Hisk
FH3K9me3—#f, Hig/bFRECR R AR ER, ET
M EEEP 20224, WA IR A LM —FhE 2
B R i A1, AR SR B RANTE .. TR
FERMFELZINE. %A R IH3K27me3 98 /0
AT BE (0 5 SR 6 A T-LINE-1 [ 55 S05%,  Inss 40 i
T, MDA RRE G AE B R R ) AT 4 4
KILINE-1 RNAZKPR 3, @i T35 g6
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S5, FRH3K27me3 ATH3K9me3 /K, S8R Y i i
X 35 ) fift SR R0 R H AN FaE M, AR S TS cGAS-
STINGIERE, WS I BT RN, 2 aEM 4
. H/RLINE-1 RNAEDE R 5 G0 5 Asos K
SRR B IR BN R ML, Rl e P i e S
I A R B R T ok

gi b, BT iEEI4HE A H3K2Tme3 B E = &
H T REH 5 H3K9me3 ML, R HYERF RN A E R
X IR ITER FIHLHEIA R, AE X P A S 2 a] $HILINE-1
FIERVASFE T 5%, b7 1E 3% pliddi N 2878 FIDNA
45,

1.5 H4K20me3

CLATHAK20me3 (4145 - H4Z8 2047 i &= R — H 3t
1) 5 H3K9me3 W [RIVE FH, - 2k i 4 R0 0 sty 47 [X 355 11
SR e D IE BAERA R Py Ah i F2 A i
kDB 20184E B AR R T LK N TR (trans-
forming growth factor-p, TGF-B){&E 5 it /NRNA
miR-29 T I H4K20me3, {3k 0332 (1) 73 AL 52
Z O TGF-B15 5 LA SmiR-29F ik,  #[m) # i
Y0 R W R A Bl Suv4-2002 5 1, FR{RH4K20me3
DU, H4K20me3 198 /0 T S b Al Ge 4 )5 X DNA
PR, BIEpS3ImE, HEsh O LA AR EE 2 AL T
REREIR. #HImiR-298 5L R iESuv4-20h2 1] Tk &
H4K20me37KF, SO li e R A, 1K TGF-B/
miR-29% 5 21 & [ AL B M G, VO RE I 1T
TR R AL 2 (B s Y, 20204E 458 S0 R
Gt g T HAK20me37E 3 2 HH I BEME T, BLFa 3L
Y FE LR A e M LR E 2 R i sh Pl R
I ant, W70 R BB X S i) 1 21 B (A8 T bR id B
A BE bl A ARSI MR N, R AT IR 2 T
1, B ),

1.6 £1XF2HEE H BRI i PisE & T ok ue

Bt 2 5 4L A AB A 1) PR A0 T A 25 R
1L, HAr oI R 2 M s, a1,
BN ETF R EPYORFRE, NPEERITHRE
FT A ().

T, HETCA /NS F249 XU,
H3K27me3 ]2 H 3L EEKDM6A/UTX, 1K E B2 4E
HEH AT 4R 40 i T H3K 2 Tme 3 AR K. AT SR 2,

H3K27me3 (98D 22 5 U G (i 5 R A1 BE R 20 A Fa
SE, T HOOUNGE I 1 58 H3K 2 Tme3 A e v, (R4
A AL B, JE G5 2 HERED ), AR IR B = JE RE 11
HBEIRSNAER, HIE S 178 R E  4E FrS- R
FF i & 2 (S-adenosylmethionine, SAM)/K°F, TMiSAM
2R [ AR 1) S B PR R (k. 20234 — TR
FOUE B HP AN AN TR 2R R 5, 1 7 P 0 B K
12%, HEMEIEK10%; T2k B 5 iy LA At 1tk 7 4
K, (B BN B R 25 S BT SR A, S
I3 IR HIKDMATE M, BEIWT L 25 B SE A0 s 1,
YEFFH3K9me3 7K1, MIMIARE 7 e o )51 I ] SASP.
20214EWF 9T R TN, $0HIKDM4 A 80/ 58 22 40 rh i 4%
T 50 W, FEAEEFEZ M RIS w5t o,
KDM4FM 77 (1M 1324) 78 J R 455 4L b 2 o od i Yk &2
H3KOme3 il fiifg A= &, $Eon HAE & T b 1
7758 JIB-04, M1324, QC635225KDM4HIHIFI1EZE Ik
PRETHE AR B, 2448t m] LA BE AR T7, KKDM4
41751 5 Senolytics X H, 7T 3 3 Senolytics X % 2 42
B ACR, B 24/ R 88 & Thael™. | Al
CA T, 7R TR /N UL o FH 00 5 SR o
FICIPEAK K 5 ) BRLINE- 15 54 & 3 A% 17 R (anti-
sense oligonucleotides, ASO)JNHILINE-1vEMH:, A k>
SEYL TR, R H3K27me3 ATH3K 9me3 /K F-. T
Jo, EE AR E 1 6F1B-2F LA B (SA-B-gal) &
WD, AR IR, F e,

FLUR, AT DA P S5 R T 0 i e ok i 4 2 gt
FERLEIR A P 2 MAR R, E SO IR BIERVINEL
5 5 4B A H3K27me3 FTH3K 9me3 [k /b A5 10 AH 56
X WAL U T B e R S M BER, B REEN
Y AR 8 I RN A0 g 2 B2,

FirLA, B3I CRISPR-CasORiFRERVIER, AIKE
DNA FFIEAL FTZH 85 (B KT, dERE 5 e (5 S 3k,
T E 22 N 2641 M 35 32 A B e TR e i,
E R LA ERT 1, FIF CRISPR/Cas9aksiRN A
PRl ICKDMAFE N, BRARILRIE K, w5 et
JREKR. EEMPEE". EEARIE S 2
R rfr | KDMAG I DN A% 198 S S 41,

R A S BE E L RE P I E A A,
St SHL A SR AT A7 B T S S A R 3 3o A ) B 4L AR
BEAN Bl A R S G € T RT00 1) 2 PR A Bl DA S 2%
H AL, N A S B 3L s 3 RN g RA
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& AR AB R S DU E TP it R

o \DIHEYNBEBEMNINTEM
o AECBEMEGHLT w7 BEBENY
TR A
o ERRERABEBEZBEMIRC
o TMBEEWE
Set1
SET1 —
TRX cira
TRR (S.pombo) Set2
SET1A su(VAR)3-9 MES-4
SET1B Goa SET2 Sot
MLL1 SETDB SETD2
EPEIBES MLL2 ASH1 NSD1 i
MLL3 SUV39H1 NSD2 AT
MLL4 SUV39H2 NSD3 H3K79 SUV4-20H2
SMYD1 Goa SMYD2 SETS
SMYD2 GLP ASH1 SUV4-20H1
SET7/9 SETDB1 LSETD3 SiV4.30H2
\__PRDM9 ) ( PRDM family ? \ ETMAR )
HEBEH3
(25
(s Roht JARID2 Jhd1 i R
su(VAR)3-3 | | cG31123 uTXx Rph1 LSD1n
LID CG15835 uTx CG11033 (M.musculus) A
JHDM1 CG33182 ﬂjm gg;g?gg
LSD1 JHDM2 famil
e LSD2 JHDM3 f:ﬁh; KIAA17188 JHDM1 family
NO66 PHF8 family PHF8 JHDM3 family
JARID1A
JARID1B
JARID1C
JARID1D
® \DIUSYREPELINTEBM
o AEQEPEMNENHF —> BORBEPENL
o - HHIEBENESKDMBA/UTX —> H3K27me37j<§Pt
o BB BESAMAT, HaKamedfoHaK27mes A% T
®  KDM4HII-BEMTH AP EM ESEME =P H3KIMe3 KK t
®  HIKRTE-PHERESIDEIF =D MHEILINE-1F1 = H3K27me3FIH3KIMe3 K F t
FHEREE ®  CRISPRICas9stRNARIIR SUAHEKDM4 R E —PKOMAZ S ZAXF JJ= HaKOmes 17
NH,
NH NH 0 SN
~ /\‘ /\/NHZ N’go
N” N7 “NH, HO ™3y ko
[ H P \OH
BN HFEER HIFHKTE

Bl 1 HEAFREBHSHUE L TR, 4B R R A H3AHS L) 5 Z iR A 2, JRF HEERE, SRR A2k
T A SR LB R 4L AR 1 AL AN AL B 5 IR LG, S E T HURIE - N, (1) Tt SR XU, AR
P FKE ERKDMAAH 7SR 40, I8 5L A A RS PR R M A RS, (1) ZED ST Til: {1 CRISPR/Cas95 £ R H
Fed B g A A Vi B B MG AL R, LK AR ) OB AL A

Figure 1 This figure highlights key lysine methylation sites on histones H3 and H4 across yeast, fruit fly and human. Corresponding histone
methyltransferases and demethylases responsible for these modifications are listed around. Anti-aging strategies are categorized into two distinct
approaches: (i) chemical interventions: small-molecule compounds, including metformin, taurine, lamivudine and KDM4 inhibitors, modulate the
epigenetic landscape by selectively targeting the enzymatic activity of these histone modifiers. (ii) gene-editing interventions: CRISPR/dCas9-
mediated epigenetic editing technologies enable precise editing of target genes encoding histone modification enzymes, facilitating the restoration of
youthful epigenetic signatures
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FEHE 2 P AL, R g RE. 2L F 2R
T B P TR TE . R AR AR TS
BRI R RMFR, APUEZ BT SRR T . R
L5 G R BOR MG RISAIE, VLSl 4 22
GANAED

2 AEHA BB S3EE

2.1 NAD' i %l 2 Z BEAL G (Sirtuins)

25 L AL Sirtuins 5 VE A NAD K i 84 % W 1ot
FEER T, 7E 5 fiy 18K 8 32 45 vh R 4% Sk .
IR, Sir23E R A3 28 52 A 3 3 300 ) A 4
DNAMIREE M S H P38, 6 OS2 2 R 3
HEFEPY, % & LA B L Sh ) Sirtuins SR AL LAY
S RN, P SIRTIMISIRT6 4% 52 H A 5 3%
175 fi A TR

WALEh R GEH, SIRTIE AHEL AR S5 [ Sir2 [F 8
EH, FESATHEHLRA . OUEHE R HHA
T %R A RIA KT REE RS K RIS T R,
KRS R E R MRS T OER %D
L. TR R, SIRT1EE £ iR 1% i 2240
MEE: QRS 5@, gERrE b AR
BONBRE 7 VAR R A DA S 0] 8 0 I B
A28 SRR AL, SIRTILEHE R #l(caloric re-
striction, CR)# 7Y r SR 5 H 8 LR #2438 IR s B
N BB R B Ay i s, T R M AR U S
CRELAL [ SURURRAE, 0 S0 A U 48 b R 5 i 1A
R R,

BRALEE AJEY), SIRTIA 2N EEKIMFUEY), H
I3 TG e 2 A R Im S (1) 1EId TSC2AK
HUEIFIHImTORSS 5 1, & AN 5 T 10 H
ThRERERE), (ii) SNF-xBifp6sS T HAE, HiEH 2
B A TR A AT B2 i 2 SR ) (i) Bl pS3 A
K382 s 4% e M 2 £ b Ak, FHIDNAZR 14155 5 (117
TR I NS4 A, SIRT 1A BE R SRK U704 5 1)
DNAMEERE /), I ERpE 5 8 A2 AR AR E PERE
1k Bax & [ LR RLAR AL, A R/ g i P01,

MIEETSIRT1, SIRT6 I H AR (1) % 14 AR A A
A, R AR AME L 41 5 (3 2 LB AR,
B 76 5 B e (0 1 3R 85 R A A% /MR ETH3K 9ac,
H3KS56ac o i 2 I H B2 AR . S R Rt A

WESE, SIRT6H A2 FEUNR IR R, AFEAH
AL R ARG e v, 10 i SR B ) B 7 oy 4
K30% I ZEAMEAEE RSP, ZEAEd
IR R T e . LINE-1 5 S5 3 B8 1 U B LA
JLIGF- 115 53180 1% 25 22 F A L) e o 32 [N 4 s e 10,

SR 7 4B 7R SIRTO I AE (IR A4 itk 78 & R
BRI %R AR R B A R B AR R AR
SE DO N S 2 E 7T U e TR R R 5 AR AT s (T
D63HMrs117385980) 5 K& & 7 [ 75 iy 4 i 3 & AH
Fel3557) i e 32 R HRUORSIRT6 ) 58 2 PR LRI A AE Y Fh
e, JOREH 2> T AT TR IR N FR T

AT 7 FE R, Sirtuins 5% G i 26 W
WAL . AU EE G P A I R 2 4 4 25 A RN LA,
RN RIE LR REER. R R —
A5 W8 BH AN [) o 2 TR) FRO P [RD 50 2 0 S PR T e DA B
Fh R 22 R (1) 4 T 250, SO AR A P o2 SRR A L EE
AR

22 HEHZE LB

P R R WL Io A% PR N 450 & 2 M R B 2 Ak
fif#(histone deacetylase, HDACs), Bx_IANAD K
Sirtuins ZF 5 4h, B E4E5Rpd3, Hdal S Hos R 514 HiLY)
HDACHK 5. 0 R B, IX Sef M it 2 S Ab i 45 et
JRAS IR A B 4T 5 2 AR . AR 2SI R,
Rpd35: R i 2k ] 5 35 GE K B R, [) ) 384 558 ST g ot
X . JLERASHEC AL AL S HM M HE A DN A & & F 41
RDN [ % ST BR KT, BRI 2, Hdal Bl ik
S I g R TR B IR, (R R W5 B 77 i A2 Ak, 1X
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Figure 2 Histone acetylation and anti-aging strategies. This figure highlights the dynamic equilibrium between histone acetylation and
deacetylation, regulated by histone acetyltransferases and histone deacetylases. Acetylation level plays a pivotal role in the regulation of chromatin
structure and gene expression, and its dysregulation is closely linked to aging. Anti-aging strategies are categorized into two distinct approaches: (i)
chemical interventions: HDAC inhibitors such as BHB and Vorinostat inhibit HDAC activity to elevate histone acetylation levels, thereby restoring
youthful chromatin states. These compounds demonstrate therapeutic potential in cancer treatment and aging delay. For instance, SAHA has been
approved by FDA for treating cutaneous T-cell lymphoma. Concurrently, SIRT1 activators like resveratrol enhance SIRT1-mediated deacetylase
activity, promoting DNA repair and mitochondrial homeostasis to counteract aging, though controversies persist regarding their efficacy and
mechanisms. Emerging s-triazine-core-based agonists exhibit broad anti-aging applications due to their structural versatility and target specificity. (ii)
gene-editing interventions: targeted editing of genes encoding HATs or HDACs can modulate epigenetic patterns and extend lifespan. For example,
SIRT6 deficiency in primates accelerates aging and disrupts heterochromatin integrity, while CRISPR/dCas9-mediated epigenetic editing technologies
can reverse these processes
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As a fundamental epigenetic mechanism, histone modifications dynamically regulate chromatin structure and gene expression through
reversible methylation, acetylation, ubiquitination and lactylation, playing a pivotal role in aging processes. Accumulating evidence
indicates that aging is characterized by dysregulated histone methylation patterns, aberrant acetylation accumulation, ubiquitination
and lactylation disturbances, which collectively promote heterochromatin destabilization, transposable element activation, and pro-
inflammatory factor secretion, ultimately accelerating cellular senescence and tissue degeneration. To counteract these mechanisms,
current anti-aging strategies primarily focus on two approaches: (1) pharmacological modulation using small-molecule compounds
(e.g., HDAC inhibitors, DNMT inhibitors), some of which have progressed to clinical trials, and (2) CRISPR/dCas9-mediated
epigenetic editing technologies that have demonstrated significant health span extension in preclinical models. However, critical
challenges remain to be addressed, including tissue-specific delivery systems and long-term biosafety assessments. Overcoming these
hurdles will facilitate the clinical translation of epigenetic interventions and enable precision medicine strategies for combating age-
related pathologies.
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