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Abstract

Periodontitis is a chronic inflammatory disease driven by dysbiotic plaque and dysregulated host im-
munity. Its therapeutic challenge lies not only in persistent inflammation, but also in the limited ca-
pacity for effective periodontal reconstruction after inflammation is controlled. Increasing evidence
suggests that periodontitis is characterized by uncoupling of resolution-regeneration, and mito-
chondrial dysfunction may serve as a key shared node linking these processes. Under mitochondrial
stress, macrophages exhibit sustained pro-inflammatory polarization, impaired inflammatory reso-
lution, and enhanced osteoclastogenic activity, whereas regenerative cells show reduced osteogenic
potential and reshaped immunophenotypes. In addition, mitochondrial dysfunction may further sus-
tain pathological crosstalk by altering metabolic adaptation, paracrine signaling, and intercellular in-
teractions. Consequently, mitochondria-targeted interventions are shifting from simple anti-inflam-
matory or pro-regenerative approaches toward coordinated regulation of inflammatory maintenance
and tissue repair at an upstream mitochondrial level. Focusing on the macrophage-stem cell axis, this
review summarizes the mechanisms by which mitochondrial dysfunction contributes to the uncou-
pling of resolution-regeneration in periodontitis, and discusses the major mitochondria-targeted
therapeutic strategies, recent advances, and current limitations, aiming to provide a comprehensive
perspective for osteoimmunomodulation and regenerative therapy in periodontitis.
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1. 531§

5 9 o — P e B B AR DI R AT 5 1 e S SRS (R BIR B B P S S T, e R U
FRAH ZAMHEAT IR RBOA[1] [2]. SRTT, X —DL “JG% - RE - HEW " A0 IREAELE, 2R 2
PR A SR RE, XT 90E s T B 2 T A SR HME S E mT T B D Re 1 P A, AR DR A R3]
[5]. fEAEBURET, RIEFHAEsEh& L, A E3HERF 5SHSUE TR, RAHEDREME
[3] [6]; WifEAJH %, X—iid 2R, SFERIAIARICN AT E S H AN L IFAF[4] [7],
KCHZIRS A A« RAE - FRAERARER” .

“CORABER” Z FTUMERL R A IE, SRR T A AN S AR AR 2 AT T X R EE R 8]
S [e] 412 28 2228 14 S 18 40 AN Wi TR 98RE 5 B IRUSAS 5 [9] [10], T 52 & A 2 B8 1) 2 J&) AL P J R 300 L
B A T DIRE NI, TR 1815 5 R SR 4ERE, AT AT 28 5 A2 52 BR 1 1E A B [ 11]
[12]. X —idREr, ZORifR DhReRanG I H o S e o 0k SR A 5 P A 52 IR AR B A A o A28 ) R F
FELEM SOREROAR SR, 6 JEAH DG A N T AN S8 A R T L R RIR R R ARSI 1 4
(Mitochondrial Reactive Oxygen Species, mtROS) &1 Z&kifk DNA (mtDNA)SMitE . A 5 g B2 S 2 it
B G, (Rt R R T AN R 2R R R B Rk ThRe e, BhAh, ZRRLAA R 00 v] G 9 )R
BRSSO, M (I 33 4 RE 4 M0 5 726 4 2 PRSP A R, A JORE - AR R ARER T B ST
[13]-[15].
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SR AER ST A 9% P 2 R4 T BE B 15 A RTF 0 SRR B8, A £33 AT 22 0 ) 0 28955 L AH D454
B E AT . RN 4 S BT TSR o« 6T 1, A SCH0l DA A A 5 T 40 B A AR LA T O DN A
SRR A 9 AN LS P AR 40 U T F RRRESEME R R B A, A TR RLAR T BE RS LE DR B “ SO0E - T
AR R E B, FFiE SRR R A IS T AR F TR R AR R S T Al R i
F RS RetE A R
2. R INREPFEISIR R B AR (R S FF B H BB R EHIR

IEHEWT, BV EYI RN Z G IR AR MRFSL 4 Rk Th RE RS 2>
H G5 AR AT 28, PELAS G AR SOIRAS M8 SRS 4 [16] o 3 — 93 FE 4l 1] 15 41 2 S 7E S e A6 7 i 72
iz b B SN R R SR A Dy R S A0 3L A 40 ) B Wk 4 M e B R AL, A BN FLARA Hh S AL B IR AL
(Oxidative Phosphorylation) [F] Fi B il s S BRI, —RERIEINEZ AN CBET fik BB, FEIR
S AR A R [17] [18] .

TESLFEA b, G20 ) 2 R A Ty B B S — 25 A R SOE FSOK 5 B RSO 5 o BT M it 410 ol
B B RS € HIF-1a, 5 IL-18 55 SOMEAH OCHE (KR IA [17] WPIREE 32 100 S A QA B 2 A2 7] 3 2 mtROS
B, FEIEHE NF-xB. NLRP3 Z8E/IMA K AH AR 5 5% S A2 7 IR0 [19] s SZ A ZRRLAARE T mDNA 528
A SR e I35 5 45 A 9% 23 11 2 (Damage-Associated Molecular Patterns, DAMPS) Al 7% GAS-STING.
TLRO S50 G R it , F— D AERF R &0 A0t [20]: Bokr A 57 38 W] B id i e mi 4 (4 5 & 1
RGPS, (R R B FE P e [21] . U, ZRRIAAS T R 2 IR 2 5, i oAk 4n
i AR R ELFE N RS SORE (S S I T 05 . SRb AR, R 2 i E A AT TNF-o 1L-154
IL-6 S5/, FETERS M EEE T A RANKL AHOG(E 5, WS (e & foA1E[22] [23]; AR B0 SR EI Rt ]
fitilid SUCNRL Z 5 AL RIE WU [24]. BRIEZ Ah, 2o Th AERE RS AR 5% 1 AL B E0E 2 12 38 1 B
YA S LR AR A IS AN Ak, OB TR, AT SE RIS o - A (YRR [25] [26].

FEOGHRIN A2, ZRRIMAR T AR ) Sl o 3 U 59 E AR M N RIE S IBFE P IIRE FT . AR RS R, 4R
FLAK [ 15 (Mitophagy) AT 15 K8 32 45 2 ki, R mtROS H1 DAMPS 4R AR 2, W T 2545 0 40 M £ 3
R HRATTIER27]: SULFIN, EWRANE L 3 4E ) (Efferocytosis)i b= S T- A1, IR AR KX
JSL [ (R S AR MRAS SRS B 45 1) S D IR [28] o 75 JA 96 JAH S A M 5 R IR 8 o, L4 M 1Y) PINK L/Parkin
A SRR EWE AT LI REA R, FEBEZ LKA 2. ROS THE A TS SO 1 E W4 i)
M ZERE )N %, w3t — B AG JLAE B W RE[29] [30]. (I, I WE kT 5 M SR 2 400 F AN LR “TB g ”
(RS2, T S R A W 20 M AR 28 O ) BRI R4k, R PR R AT IR S H S VMBI S 3l

LA RAE, RRRIhRERES S EIAZ R ERAR AL, AT HERE A G 41 i pR L e v AT S R R
YA, FANAR E G FE R R 2% M ) 35 Sk E AR Ak 52 FEL AR B A S AN A . e — D T RR Al H R R
AEBRBAE S, 53— J5TH I 55 5 R R KNS 5 JE B Fr 5 M Th RE e 4, AT 7E4H M2 TH R 2 J 98« S0
R - FIARSZR” RS TR AL T S FE ML AR 2 — .

3. LRiATHAEFERRLIES) PDLSCs B4 SR ELRERE

EAEFIREA TS, DU T4 i (Periodontal Ligament Stem Cells, PDLSCs) JyAt 2 i 2 J #H 5% i) 78 Jii
T4t fiti(Mesenchymal Stem Cells, MSCs) /2 3t L AH AUE 5 5 G 15 e 10 A A A 4ERr A [31] . ZkifA
£ PDLSCs W R #H R 55 585 W EZAE A, a0 A 24 i 245 1), 25 PDLSCs
IAIS E « BUE I ACFIDIRELERE, Rlt, 25 RIEROR BT RREEF K AR AR Fa A5 R M1, PDLSCs (5 B 2
RN TR B2 30 5 AR PAT RE ) N AT
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EFAThRE TR, kiR EYheEIEmS /2 PDLSCs UE 2t EEA W IR 2 —. & isaEThas
BRI E AL BERR A S B R ATP AR sk /b, 5 BB A DGR R R T R BRI iR 55 S AR P 5%
PHAHOC[32] [33]; Sub[RIEy, Zekifhs)) /)5 il QA 2 2 SECZIERARFAR, #E—PRIRER 4 )i
A, HI55 PDLSCs 1R 1 B S HoXT 28 RE AL N BTG RERE 7T, INTTASRI T H LB R IR T 1F 7 )
[34] [35]-

TERIER b, LRI REREAS il GEAf PDLSCs Mt “ SAEZM 7 B “RAES5E” .
WA Fi9E~, PDLSCs [ i T 68 /1 SACH E g AE % UIAHOC, PGE2-1DO &5 42 Ui 15 il ] sz AR UPIRAS
A R R, R, MR RIR - AT AR S TE B R R S, PDLSCs 755 W 4 A n) 2 T 1B 2 R AL 4 )
A 7R M REBE 2 R % [36]. P& 4115 2AH, PDLSCs if nf feidk— b5 m 7% B ROE S HUIRZS . 2EME
PDLSCs SRJf &M A EL W IE SE T 3R 5 E R AR ) M1 AER B w A5 [37] [38], T FFEERI AL NI, E AR
I3 AR T T JREPE AN AL T I AT g it — 2D O X —#a #5[39] [40].

gi b, RRiAThREREIG X PDLSCs 52, ANEUMIESN “FHAZHE” , 2 EAERIZH S %%k
RURNIAFHThRe E A HERIRE BB ML MBS, SHI 55 %88 22 i I ] Be 39 5 e 5 JORE ST HY
B LAE SR A S5 2 L (RIS 4 498 “ SORERFSE - FRARISW 7 MK HAGERE .

4. SRFEENATTERE “RE - BE” Bl

gr b, Toibot LR M D SRR D e RS SRl R R FF Ak, i5J2 PDLSCs DAk i ke s S
DL R 2 RS e R E IR, PR bR e AR R P EREIL R, TRz “ RAERFLL” 5
“PIAEZIH” M EBILEY A TR R, RS O P IR T LA B A o B F A, #
IFa) Xof £ WL AR Th RE B RS A B (12U I

SRR IR N AINEC R RN AT PN N E P Ao RN (o IR 7R R AN AW T %7 T i E I 5 A i
IR . R SRIR G IS 5 BT DL 2R s s A 7 55 138, HAL R B 7E Bl R - (554K
A1 J2 T [RS8 R 4E RERL 5 B AR e AR, AT N FT B8 1 SORE A SR . “ SORETBOR - 1B 527
(B AE IR SR AT AL MU 55, 5 RTTESE U7 32 2k @ e PR 7T [13] [41] [42]

MEARTEIS G, RRARSE M PSRRI H AT i) IRRIER AR R 2 1 — 2%, R
PEZ5W40 MitoQ. Elamipretide %5, J 3 ZEHLHILE T FFK mtROS., Ao 2Rk NI S OB NIR . o5 i i i
WL fEi6S ATP AR, ATk 2 R A4 S A 40 19 B L4k M 9 R TR [42] [43] AR B g AR T T SR AR
T [ T W T AR 1 5 AN A R R A 2 3 B ARUPIRAS , Jl I AMPK B2 bH DG AR 368 % 1A 15 200 012 28 AR [
TR0 W 7 AR 0% MSCs AR IR S 5 R RE T, — HOWUIAT VR ARER M 20 2 —[44] [45]; i & fa ik
SR TIELRAE F VG ZORIREN R AR I o BRI P AT, I SZ AR ZR R R AR B, K ST bk I 25 B
W 5 IhRERaZS[43] [46]; fERAE S BB 3 B4 mDNA 4R, mtROS it & K& H/r 519 cGAS-STING.
NLRP3 5 58 A0 B 05, IR Sk I 95 R0 473 1) R SR SRR A5 5 IR0 [47] [48]s 5 Bk “Uakdit” S
FHEL, BoRIREER . BoRiRFEHE SO RIh 16 SRig AR T R H @ SR AIHTT7 I, H H bR m) 3245 40 il 2
[ri) kb 78 Ty R b A YR A R AU R B, ATTHES) I “ it ” i — B e s “Fhmzhag”
A EAARBNER” [49].

BRI S, B ORISR )6 7 4T 15 S 40 M -5 40 M7 B A PR, KA T IAg8 y = 4% 3= 26
Ho—, Jakde G 4 M S A3 43 A G A AR 4 A 2K A7 S tDNA/MEROS 5 fa ks SR, FRadk— B4
FOO PR AN MR RR AL T, WA TR R AT S 5 EAARUNE RS, ORI K s T RE
715 H=, @RS ME S G RR R A, B8 MR FE DR R LR, A A 40
SHAMBZ MEERTEENEERR. Bk, LR R FIGTT IR SRR R T o0 5 — 4 i 3
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Thae, e TN ERACS - (55 S RN R S B A S A AR AR, TN e e v AR R
ZIA M R RS- A — Mo BT SEAOHL A LB R

S GRAREE AR YT O H R R % 5ORE Je B 5 ZH G AR K 0, (HAZ U B AL T BT & 56
B RS HERAL B I IR B 25 T CA BT IR RA BOEAESE, 2 0E B B IE I e ) ARl Zohs 458
[F) SR 5 AR T A RO AR RO — 2 @ TR R RO S S I SR, MRS A E R
W20, - F-2m A e 0 B SORE A AT L 4 IADE TR R L 5 PR A2 RS . AR, A AH SR AR 2 BL
AR B WL B R SR AR R I VI R BRSSO I B B 8 N K B LA
WS, BBIE 597 ROP A R R e e brtifl. 75 EVYGRE, 7257 X — RS2 M. SRV
R K A= DI B B S M B TR A kb, SR RE RYR T RE T AL N REE IR IR 3R 2, T3 FEAR KRE
J& b AR R (4 2035 A R e -

5. N EEAT T AXNITIELBRG R, BUREERKGE

7 R e T T Eh A R BRI, RS (M5 URVA A Sl 2 B 99 29 B, i ZE P RERN S
FH R AN 5 R 2 S — 2PN T )R R )T 58 S R B I XESEE[50] [51]. A, THI1A0 5 S 5t
Bo LR W NAERE REE s R S DUt RIRE 10 RELA IR R GE, AR AR IR T SCELRD R
REROAET . AN S F A RE R B RSt 1 B B R i SE R 42 [52] [53].

LB BT X R I R i el iA R &R, KRBT N =28 8ihig 4. o, foASnapoEIE, BIA
P JA LRy S PR B 5 (W AR YE pH ROS it 8 R AHRBEEALSE) Dy “IFR7 , SEELZGI{E )R i
MRz Al A [54] [55]; =, #LjmEREE, RELECAREE. R el ARSI, 185
WIFEAR N AEARML . ARV B IORE AR SRR B (R FR P 0, BRES 4RI AR T R i, B9 ZG I
PR3 R LR A S5 U A0 i 2 1R E AL BE I [56]: L=, DhBedRpiigik, AIER—FEhREEPE. Rk
A REA, TYECHIENSE 2 EAE57] [58]. LR BEIFA S B—8k—— XN, RARFEA R
BEFGSCBL, O ATECE WA AR B R KER . DKL K - KBRS & RGi5E, LH IR AT 4
KA F AT HR0E -

JE R BEIIA R ROV E KRS PR T PR T S R FRE ( Set AR, (R DR T T e B
SRR E SRR NN R R e TR NG S R R s R i, AR w2 A4
BHER SR BEAS T, PGS ES. MOMEsh SRS R, W8 R A 2. R, &
BT R M8 (53] HKR TREATBOR S MU KGN BB DhRERLIA T B in, BRET 6 %
T EAN B 7 T R R AR RPN, X B S BN R St — S LR B, R
LTS T 0 I R AR R 2 LB [57] [59] - S MG Y 2 A MERUESR SR 1T 22 A VAN 7 AR A=
PIOARAEEA SEBPEL SO T, X TRIR AR MRHEERAT 9. R LR TR R A T A
GURNL, ThZ RGEAE. K, BRI AR5 SE R R, AN B T4 e i S AN T e £
FE, SN R ERCE . AR . K e Ve S IR AT SERETE A ZR S 4R T

KT, SORA T BERRAT R ) R b RAEFF S5 PR SZ B AR SR A TR A, o
THE RN - T4 B R PR VIRV R 3P R RRAR S AT IR AL S TR
LRAARRE R AR ] SR B 5 R AR RIS IA VR SR NI, HES SRS el ATl AR B8 U 1 SR VA
RIS ) S TR T T %

&E 3k
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