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[Abstract] Periodontitis is a chronic inflammatory disease that affects the tooth-supporting tissues, and it constitutes
a major global public health concern. Methylation modifications, including DNA methylation, histone methylation, and
RNA m°A modification, represent reversible processes coordinately regulated by methyltransferases, demethylases, and
binding proteins. In periodontitis, aberrant methylation modifications suppress Toll-like receptor 2 expression, leading
to oral microbial dysbiosis. These modifications further disrupt normal immune regulatory functions through C-C motif
chemokine ligands, Fe-vy receptor-mediated phagocytosis, and NF-kB signaling pathways, resulting in localized immune
- inflammatory imbalance in periodontal tissues. In addition, various methylation modifications regulate the expression
of Runt-related transcription factor 2 (RUNX2), osteoblast-specific transcription factor Osterix (0SX), and receptor acti-
vator of nuclear factor-kB ligand (RANKL), thereby interfering with osteoclast and osteoblast differentiation, disrupting
bone homeostasis, and ultimately driving alveolar bone resorption. Methylation-related biomarkers demonstrate promis-
ing potential for periodontitis screening and prognostic evaluation. While numerous abnormally methylated sites have

been identified in periodontitis, the precise signaling pathways and comprehensive epigenetic regulatory networks re-
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main to be fully elucidated. This review systematically summarizes the functional roles of DNA methylation modifica-
tions in the pathogenesis of periodontitis and explores their potential value in etiological studies, diagnostic biomarker

discovery, and targeted therapeutic interventions, with the aim of providing novel perspectives for periodontitis preven-

tion and treatment strategies.
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tory response; periodontal ligament stem cell; osteogenic differentiation; biomarker
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DNA methylation, histone methylation and RNA methylation are involved in the occurrence and development of periodontitis. They disrupt
immune-inflammatory homeostasis by up-regulating pro-inflammatory cytokines and down-regulating anti-inflammatory cytokines. At the same
time, they interfere with bone homeostasis and promote alveolar bone resorption by promoting osteoclast differentiation and inhibiting osteoblast
differentiation. DNMT: DNA methyltransferase; TET: ten-eleven translocases; HDM: histone demethylase; HMT: histone methyltransferase; FTO:
fat mass and obesity-associated protein; ALKBHS: human AlkB homolog 5; m°C: 5-methylcytosine; hm>C: 5-hydroxymethyleytosine; m®A: N6-meth-
yladenosine; hm®A: N6-hydroxymethyladenosine; LPS: lipolyaccharide; TL: interleukin; TNF- a: tumor necrosis factor- a; TGF- B: transforming
growth factor-B; RUNX2: Runt-related transcription factor 2; RANKL: receptor activator of nuclear factor-kappa B ligand; OSX: Osterix

Figure 1 ~ Methylation modifications and periodontitis
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Table 1  Epigenetic modifications induced by Porphyromonas gingivalis and its products in periodontitis
Stimulating Epigenetic changes Cell types Vivo experiment Effectors Signaling axis
P.g DNA methylation BALB/C mice and  Numerous DMRs PI3K/Akt, Wnt
C57BL/6 mice
P.g-OMVsP"! Histone methylation hPDLCs SD rats Upregulation of P53, caspase-3, NOXA, PUMA, IL-1B, p53/Bcl-2/Bax
IL-6, and NLRP3; downregulation of PHF
P.g-LPS Histone methylation hPDLCs C57BL/6 mice Upregulation of TLR4 and downregulation of PHF8 and LPS-TLR4-
osteogenic markers PHF8
P! DNA methylation ~ hGECs Upregulation of DNA methylation levels in CDHI1,
PKP2, TJPI
P.g- 1P Histone methylation hPDLSCs C57BL/6 mice Increased transcription of IL-18, IL-6, and MMP2; in-  NF-kB/p65
creased protein expression of IL-1B and IL-6
P.g-Lps! Histone methylation THP-1, HOK-  Mice Elevation of TNF-a, IL-1B, IL-6, and NF-kB signaling NF-«kB
168 levels induced by KDM3C knockout
Lpsie?! Histone methylation hPDLSCs Nude mice Downregulation of COL1A1, COL3A1, and RUNX2 ex-
pression; upregulation of CCL, DEFA4, and 1L-18
gene expression
Butyric acid!®®!  Histone acetylation hGFs Upregulation of cytochrome c-related caspase and Caspase 8/9
TNF-a
P.g-Lps* DNA methylation, ~ hPDLSCs Downregulation of DNMT1, HDAC1; upregulation of
histone acetylation p300, NF-kB, and HDAC2
P.g-LPS®! DNA methylation ~ hPdLFs Higher methylation in the promoter regions of 25 ECM-
related genes
Lpstee! Histone acetylation, NOK-SI cells  Wild-type mice p300/CBP/NF-
DNA methylation kB

DMRs: differentially methylated regions; IL: interleukin; P.g: Porphyromonas gingivalis; LPS: lipopolysaccharide; OMVs: outer membrane vesicles; hP-

DLCs: human periodontal ligament cells; hPDLSCs: human periodontal ligament stem cells; hGECs: human gingival epithelial cells; hGFs: human gingi-
val fibroblasts; CDH1: E-cadherin; PKP2: plakophilin 2; TJP1: tight junction protein 1; SETD1: SET domain -containing methyltransferases 1; THP1: To-
hokuhospital pediatrics-1; HOK-16B: human oral keratinocyte-16B; hBD2: human B-defensin 2; HaCaT: immortalized human keratinocytes; DNMT: DNA

methyliransferase; hPdLFs: human periodontal fibroblast cells; NOK-SI: normal human oral keratinocytecells; NF-kB: nuclear factor-kB; TLR: Toll-like

receptor; NOXA: NADPH oxidase activator 1; PUMA: p53 upregulated modulator of apoptosis; NLRP3: NOD-, LRR-, and pyrin domain-containing pro-

tein 3; Bel-2: B cell lymphoma 2; PHFS8: PHD finger protein 8; MMP: matrix metalloproteinase; KDM: lysine demethylase; COL1A1: collagen type I alpha

1 chain; DEFA4: defensin alpha 4; TNF-a: tumor necrosis factor- a; RUNX2: Runt-related transcription factor 2; CCL: C-C motif chemokine ligand;

HDAC: histone deacetylase; ECM: extracellular matrix
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T T 5, S i H SR AE i R I PDLSCs
) BB VS BE T O R A 1 40 B A1, B3R B
WA B B 257 E PDLSCs JlE 2rfb it #
RUNX2 1 OSX 73 51l J& J B 30 A s 0 1) 32 22 5 5
PR BFFE R WT, RUNX2 il OSX 1 3 32 37 %)
DNA H 34k 21 8 1 A AT me A B 1 36 1
2.2.1 DNA WAL 5 HUE 401k RUNX2 B Ay I
FLALIK V-5 PDLSCs (1 B E S A5G o Assis 557
5% I 5 B T BE Y PDLSCs (h-PDLSCs ) A48 T ik
‘B ¥ fiE i PDLSCs (1-PDLSCs) , i BB S 3 d 5
RUNX2,0SX % F ik, g ikEF21dE
DNMT1.DNMT3B . TET1 . TET3 3 H & 5 1% , 0SX
FEP A BN, 2 — 2 F DNMT1 401415 RG108 i
F 1-PDLSCs 2 H 54k ] LAt 248 it o DNMTs 26 359
/b FI RUNX2 2 35 34 i, 3% 9% 1-PDLSCs Ji - BE JJ o
Ferreira 25" 28 28 &) B A 18] 78 5 40 i B i 15 5
10 d J& , h-PDLCs A% F 1-PDLCs, DNMT3a . TET1 .
TET3 J K 5% 5% 7K F B AR, RUNX2 J PR IG H 24k Al
B3GR Y R W R AR RUNX2 JE A 4 HY O
Ak 7K S AT 9 72 $2 =5 PDLSCs 1 PDLCs Y BB fiE 7 .
PEAh, Li 57 R B oY 2R B L A AR KR - B 1 i
DNA H AL A S 19 PRKAG2 J (R0 2R firh & 3% 4 4
FEA DNA 445 , 8 3 DNA 351455 107 285 A0 56 i 3L 5% 2k
B 20 I A DTk 5 78 2R 1 (E 5l % 5 2 PDLSCs
W G2 4B R U5 e ARV O, 5 PDLSCs
B HE 43 Ak 7= A R e A
222 HAEAWEASHRE S AEAHEL
&4 7] LA MR PDLSCs HY RUNX2 il OSX #% 5% # 56
(B o Al it B . 2R 25 B JE AL SB (lysine
demethylase 5B, KDMS5B/jumonji AT-rich interactive
domain 1B, JARID1B) = 2y % s 4 ifil R, 3 o foff
RUNX2 3 [H )3 3 7 4b H3K4me3 il H3K4me2 2 H
FEALHI ] RUNX2 PR 36 % | J2 52 B PDLSCs Jl 8 43
LB E 5N T, Ferreira 287 S R [6] 1B 7
AE 1 PDLCs WG 43 4k 10 d J5 & 3 , h-PDLCs
JARID1B # ik F i , H3K4me3 . RUNX2, OSX % ik
9, Pearson A 24 43 A 28 B JARID1B 3 K] 3 ik
5 RUNX2., OSX # A & ik A1 O¢ o #F 58t ¢ R
KDMSA 7£ LPS 4 B i) A PDLSCs H i &3k, Il 5
miR-495-3p J&i 8l T 45 & , 38 i H3K4me3 (1 £ H 3
LDl miR-495-3p ik , 34 58 HOXCS8 I FR il 2F J#
4 o PDLSCs B9 BB 40 4k 34 58 F1 T £ ) . Shao
USR] P, gingivalis 1 LPS 4k B PDLSCs i 5%

R, SR R BT T 2 R R Rk K P AR T 1
(lysine specific demethylase 1, LSD1/KDM1A) & ik
A I S R 2 H3K4me2 25 F R4, 3] 0SX
BESk WS PDLSCs (9 E srfb . &5 %W, B
2 A 25 W AL 67 ] 98 1 RUNX2 L OSX 3% 5%, 41l
il B oAk, A I A AR R SR R R R
A IRYT BT TE WS

223 m°A MBS BE e m°A B 1 7E PDLSCs
B 4Pk HR R T RUNX2 23k VR AL A 2] T
WL GY o O J R AE OA SR , METTL3 W] 2 i
IncRNA CUTALP % 2% 15 F & & 14 , 410 il miR-30b-
3p, L8 RUNX2 R IA 2 it F Ji 4 £ 35 PDLSCs 9 1
oAb AN meA 4G R I B SR mOA &
A9 mRNA A F2E P, 325 mRNA B BIERCE . Zhou
ZEU7s1 9 I METTL3 # [5) RUNX2 mRNA 3’ -UTR, Ji
BEMAK KT 2 mRNA 454 % [ 1 (insulin-like
growth factor 2 mRNA-binding proteins 1, IGF2BP1)
1E 8 meA 45 & & (1 i — 25 31 5 RUNX2 mRNA 1)
mC®A 7 g5, AT 3 568 1 1] 78 5% T 48 B (bone mar-
row mesenchymal stem cells, BMSCs) H' m®A & 1ffi fi¥)
RUNX2 mRNA ) f& 22 P , [ RUNX2 3 ik fig if
BMSCs &1 431k . Huang %5 & BL#E PDLSCs & 15
Ak ik #2 H, METTL3 I 3% PDLSCs H' RUNX2 [
m°A & 1fi , IGF2BP1 iR 5l Fl 45 & m°A X 3% 3% Jin
RUNX2 mRNA & 5& £, | 4 RUNX2 % ik 2 gt
PDLSCs W8 434k . AHCAR 9848 75 T IGF2BP1 7
2 mRNA B P A RH2F v 19 522 4E ), METTL3
18 i IGF2BP1/m°A/RUNX2 15 5 4l 134 5 440 Jifd 1) g
SRR T A IR ST 24 B A A mOA BR A
Y17, BT, cireRNA A 56 1) meA &1 3 B4 T
g ARG LA R A kB RO 7E
s s TR o e/ R 22 B0 9l el AR A i
IS ¥R 5% circRNAs 76 A4 Ji & v (i 4E AL, P4k 2 J) 48
HE P circRNAs (19 35 7K, (B 5D circRNA m°A
45 55 8 R R 0] 6 R BF o™ BLA 5T R W,
circRNA 1E 0 35 4+ PE N IR M RNA |, 38 3 78 24 miRNA
T3 443 9okl % PDLSCs 1 28 AE F I, A1 2F 1 B 434k o
WA SN 5T & BHL cire_0062491 38 i3 15 miR-498/41
JitL N {5 5 S5 3 T 6 Bl e LPS i S 1Y
PDLSCs [ J8 7= F 4 RE S i o Yu S5 (18 (4 41
N BER R, R EH T RIB W cire-
MAP3K11 7] #8 [f] 17 i 455 miR-511-3p, M 1 3 %%
miR-511-3p X} TLR4 # 41l il /£ H , circeMAP3K11 i
1t 5 1 miR-511-3p/TLR4 %l {2 3 48 4 3 ¥F 85 vh
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PDLSCs Ay 3458 A T-FE#8 . bl F 52 2 W cir-
cRNAs 75 7F Ji] 4 vh 4% 8 2 /E T, {H cireRNA 1Y
m®A A X 2 JE 46 B IR AR FRAT A R IR T
224 HEALBMSHBE S BN YR
WA B W5 1 B0 S A B e 40 1 4 4k
i R AR A7 B A A R s . FST R, REBR
B BE I &R B E WA /R 40 R AT AR o LSD/
KDM1A 1] L34 i IFN- B 2 35 U 20 8% 1 40 it 4
b, SEEE /N B EE B NS He 28 3@ i LPS M
RANKL 14 2 48 1 il ‘B 240 B A= OB 28, F 52 & 31
FTO LA{ YTH 2544 38 58 5 £ 11 2 MK vk oy =X
0% F 200 6L 7 A 4 i v S U R G R 1 40 i R 0 AR
57 K 2(Cyclin—dependent kinase 2, CDK2) Al
Cyclin A2 ) mRNA F2 %& ¥, [ CDK2 . Cyclin A2
F IR FR U4 DNA 458 45 A ¢ 8L 1 y-H2AX | p-Chk2
H p-p53 [Tk, A8 0F 10 15 40 i 394 B - 10 o) 40 e oA
T2 s 5256 R B, FTO $i 57) FB23-2 0] /b 1 15
R IE B, 985 O R R BB R IR . BROR FTO A
BICNIRIT A R R AR . AN, AR A AR 1A
B A oA T, meA H 3Rk S 5 A 40 i oh i
& cire_0008542 1) % 5 J5 I 2 . HARBL ] K
METTL3 i # circ_0008542 #f! []] miRNA-185-5p, |-
o RANK 2 A 36 35, 8 i i - 40 f 731k , ALKBHS
i o 22 F AR cire_0008542 5 miRNA-185-5p
S5 W A0 A A g DL RS
2% B circRNA /) m®A &1 = 5 I8 15 0% & 40 B 43 1k
FUE R, B H i 2 8B R AU R e g i 2 5
R B A B AR A M o AR AR A TR YE . AR
JE) S SRS, A A8 U X R A A R
20 AR A 1 5 ) A FE LTS A R o o
23 FRXAMREY

PRBNE 1 70000 AR 2 J) 98 3 sl vk 00 A= W
/DS i M B T U T = e = R S s 0 <Y
PO R NN R N LR Y Y S AR
FRREDRE NN BENEYIREDHTF
JEL 5 0 A5 RS PEAR T AR 5 AR A B A
JE AR LR S L R A R A B e R A -
F1 5T AH BAF F STRING 048 Fe rh g v 28 B R &
I U 35 A A 1 RS A B S AT AR W A R
BT, 45 3 & B A% R 3 fb 3 R 32 2 5 40 Bl A 3 5
20 B Akt RS R A0 A RS A R A G, i R
b 356 K ) 55 ff JB0OE B AR Ak Ak R R
Pk & B A =AM B LR TL-18
T4 A A7 N 45 g e A2 A MIMIPO 56 DR AT = A e TP A4k

HEHAMBEYREEA HROHEEA L AEH 2R
PRS2 28 JRl R R AE 0 A= A 5 7, A 28 Tl R i
A 2 W BV DAL TR R A (B A S — 2P

TG KB, OF R R MR /N A0 Ak
ey b B AR 5- L i AH BT T R g R R
B, 7 X 5 T g6 A0 A ] g 2 Te) B A e R A
JE M FTRE S (AUC=1)"", Wang 5500 3L H 36
IR ER A O P b 183 0 I B 4% S A R 64 {3 £t B X
R O R 21 2R AR 1) 3L R 3 36 508l A CpG H 34k
B R AT AL PR 3 2 3K 4% 3 BT, G S AR IE AH
ORI PR (L W3 40 ¥ 3 e Az k-1 MR R L
AN R BESE EE H 2 2 R R R R B 3 L P T M
JIKHE 2) )5 85 F CpG 7 45 1) Y A 7K S 78 4 T8 4% 1R
AR, BRI A N TR AT A BT
5 A G P S DR A 1) 2 T 9 12 W A 2R I 4 i
S (AUC=0.95, RF=90% , ¥ 5 1E=100%) . Z%L
W5 LA i 4 20 SR ok FE A 3 BT 2F Jil % JR A R
fa FE 5 2 ) ) R SR Ak 22 55, e A L V) VAR A5 PR T L
B o F AR TC A R A T T 5 A D
TJE VEA 9 Bl AL PR3 56 1 Ge T E R Ty n) A Pk
AR AT AT 1M BB 8 1 i F LAk AR W b 25 0 1 1 R
FHOCHE,

H A A & 9 H B 12 W S s PEAG AR R R
B SR KA i I R ASTRIZ TR B2 4R I2 I
Trl e AR B AR D T 2 R0 S EOT A
P R 8 TG R I 2 A TR SR A
T 2o 2 WA 35 A% A8 Ak T I 2 R R G IRt | O R e
ol ™ T R B R O S R O A RS DA 8 — Rl A
FEmE Ll RS M Y 3K DNA 41 2 14 5 RNA
VR 2 JR 4R T A ) b 3 40 0 F 9 4T3 Ak A 26 By
JG¥EAE/NBA B A5 B VT S, 75 22 10 B A Ik 57 Ak
S 56 UE RE 7 A R TR [N 1) AL 9 G 56 K B T 5T R
TE B ) A7 LR, R VA VR A AR VR AE SR A T
B REAR ARG SR R T i et e b A O
) 22 S B T OAE O ZE W AR A W B I R R R A
H . — b SR RE A BBk = 5
— IS Wi bs 1, 5 22 ST 58— MY BRAE AR o A O
A 235 S 0 R R R AT B R I R T SR
AR ARSI 7 30 Bl TR 2 W] SR A AR AR )
B % R % 26 WL 18 A% IR 7 0 4% A 57, A5 B N 4
B S R 6 B LB e 0 R R I TR YT R
TG PEA
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DNA HI 34k RNA B m®A & 1 FI 2 25 1 B
b I\ 3 358 AL A i 5 S R S I K- 2 5 28 A
48 B 4 58 S8 i F2 W Ko PDLSCs B4 R 0 Ak 3k 72 (&
1), 8 PR AE P 5 B 41 % 30 32 DR A 90 A 0 7k
F1. HRTHESE E S ETE DNA 30 AE F 7 & i
YERT, & 78 28 J8 4 B8 3 vh A I Ak 22 B DR A A 22
S F AR A7 A5

A, — T TH T A Y R GE B AR 2 R
Ak S A 8 TR 96 v B A 2R 4T 72 40 0 IE , 1 B
AN TR B S AR A M A 28 T 96 b i 4 R AL B2 22 Fp
FEARAB A 18] 09 AR B AR L U0 2 TR R kA kR
1) Fe o S5 DR e A AR, A o o 1 R UL a4 R
M2, 53—Jr T, HET R R 250K DNMT )
il 7 P A I 32 R L RG-108 25 H T FRAIC e AE 3
DAL f Y Ak K - /0 o JR AL 2R 3R EL L 34k
IR Wi H8 b ol 5 1) 8 RE 3 PR 1 Y A kA7
F R IGIT AT T BE K, A Ry ik — 2 i i R
PRSI B I PR S0 S0 UE 25 M i A ke L R R R £
DNA FH 3 Ak 300 1) 751) 45 & W38t A% 3697 25490, DT 5K
MAEGIRIT 5 R BALIFIEALE G .
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