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[ Abstract |

Periodontal tissue comprises a complex arrangement of soft and hard tissues essential for the physiological func-

tion of teeth. Numerous proteins in periodontal tissue are essential for maintaining its normal physiological function, while certain spe-

cific proteins are crucial for the homeostatic equilibrium and the development and remodeling of periodontal tissue. The identification of

these particular proteins establishes a solid theoretical and practical foundation for addressing periodontal tissue diseases in the elderly

and for the regeneration of periodontal tissue. This article examines the current research status of these specific proteins.
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1.3 ZFiiR

SRR By LT O B S B RGBS, RS IT IR 2F
W, B APRRRR DY DAL, @R AR B
20 Y A AR R A Y L 2F AT X R S R R A T A
BRI B 70, 2 HIL R R A% 0 A W 40 05 B9 5 B
SR b B AE 2 TR 2 U 1 R AE 1 58 R S 5 ]
A B OCHE TR, BR T ARITIDRE, i
15T 11 s v 4 JE v M 8 3% F i
2 FREALAPHESEEA RN T EAEARBTEN
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2.1 FERR S

ANEI BT A6 20 R A0 5 A An] A 2H 2 R AR AE
HUARFRE 43 F, IX 243 BP0 o 3 2 20 2L s ks
Yy, BEE R H AR BURER IR R, BARIX Ly T
WAEHAWMH Zrp 3R ik, (Hk B EARAG 2, BA)
SRY R Z BV R RYEAR R T TR R
PR P 2 3 0 PSP B BT b 4 B B IO R i AR
LG B BORIF AN T, 2 & 5T b 5 8 1 DA K
FEBEA 1,
2.1.1 FEBORBEARNT 1987 H1905E & B
TNAF A 225 200G T Re B P AATE T 5 1
JOE LB AR AT B S AR 1991 A ok e 2R 2 Y
WESE, o3 e PRI 28 R B H A G A 4 U Y
oy, CEA 2N T, IF a4 N A B R
KR A K HF ( Cementum derived growth factor,
CGF) . CGF AT REIH i {2 i 4P 1T 45 44 v 114 +HL 410 i 1)
FARFEE U ANA K, JFZS S T AH 40 ) R CcF
BRI oA R, SRS 5 R AT R
CGF 155 & Btaa A 5k ot vh g o3 2 th ok, A WS
A7 P 1k 0 N 2T 3 o 2T 4 4h M A S S am i, 435
JH CGF 4b¥R L K JH CGF ine jz A= K+ Fn Hifth
AR, HRES BB, CGF my il a5
HAAE R FAE, CGF AR T 52 1A ik & 1% 5
PRACIIAE S AL B L, W] BRI V8 7 5 i 5T F 4B 3L
L2 L LOY ORI A () 2 AR
2.1.2 FEBHEEAR FEBEHBEER (Ce-
mentum attachment protein, CAP) J&— & ULy 25
BTAREE MY . CAP BT PR YL (4L R CAP
PCENL T BB, W CAP AIEEME—RIE T
BT RS LB ST AR R B, AAh
JE VB AL £T 4 98 11 B8 BT 4 ifL b W AF CAP 3R 3K,
D s A2 T A TE I A0 L, PIBRJR R E B . R
ST AR AN, 6 1) T 0 Y 2 2F R 5T R 20 6
FMMiFE CAPYY . CAP A LA ik 45 M b A2 i 2 ]
2H 2 HA R 2R PR A0 i P G BT A 3G, A hP-
DLSCs . ANF 4 ( Human dental follicle cells,
hDFCs) . AT LT 4E40 il ( Human gingival fi-
broblasts, HGFs) , {E % iX & 41 jg (1 81 J&2 I TG i =&
SN CAP R AR P B 0 K R A s R A
T, IS5 R A TE
2.1.3 FEHmEAT FHEHEHEHE1 (Cementum

protein 1, CEMP1) & M il 558 51 44 i 88 vh Jw ke il
B — BT ) B AR R cP-237 R — PR
HS IRIBRPEE 1, AHXT S BT AR 26 000, A
RPN R B e — M EH, HA7E DNA
SEGASAARSY A B IO 41 A RE A YR 1 4T R hP-
DLCs ¥ 7] 35 CEMP1, {B7E B 40 F1 HGF
A CEMP1 i35, CEMP1 Al LL7E {4 S {2 ik
HGF B pE g (20 8 et aieorfb, 7%
S ALGE T A ESUUAR, IESE AN EZH CEMPL A
PEVEFRREWE IR AT A 7 A AR I, A2 BE 2F B BB
B NELL CEMP1 AT S 0 F5 BE i IR A7 i 14 A%
FZER, BN E AL CEMP1 (IRIE, Al 7EARSME
EFRFEWE AT AT SRR IIE LY . F i R A
14 K 4 ( Cementum protein 1-derived peptide 4,
CEMP1-p4) S#id¥#0s B-EMEFME S, FHEAN
FE I+ 40 e ( Human oral mucosa stem cells,
HOMSCs) , fefili H B 4346 o R BT 7 A% U JIE
T &R B BREH 1 TR 1 (Cementum pro-
tein 1-derived peptide 1, CEMP1-pl) {2 J& H-
A= 22 CEMP1 #6441 HGF 335 CAP i mRNA,
P71 CEMPL fe i 46 KA i BOE g pL -5 4 ik
CAP HIRIEA K,
2.2 PDL¥RSHEEM

FJEBRAH R -1 ( Periodontal ligament associ-
ated protein-1, PLAP-1) RS EA R ELZEN
RWEZG b1, J& 2 JE 41 2R 25 i S B A 4y A
¥, TETIEY PDL S AL R Ak, DL OR8] IREAS
AL Y37 F 1 R G ERES . PLAP-1 11
mRNA 7& PDL A 54 S P AR PR 3R 0k, Hod 3k
"REE A 5 EHIE A LA H  (Bone morphogenetic
protein, BMP) =Z{RZ5& A BMP A/EA, M
M 7 PDL AL F 4k, 2R PLAP-1 # T
BMP-2 G S ALl (19— #8537 . PLAP-1 38 4 310 il
Toll BESZ4A ( Toll-like receptor, TLR) 1E 5L 2 HF
AR IR AL v BAA P AR, i A B T2 R
BRI

HRAE 20 21 5% U0 ¢ A0 W 4 i 55 PL W )2 439 1
( Computed tomography, CT) 4, PLAP-1 $Ji i
KB B E 52, B d I R fE g 73 A8 K
i, PLAP-1 FEAR T Wi 4 Mbn S ( FEAHE
ALP_, BSP, Runx2, Osx) FI'H452 ( Osteocalcin,
0C) FriEWag KK, Wl 1 K BlA i a) 58 51
200 1) S 2 S A R T R R Al M R TS A
PR SPE A 1 A0 A 8 R O R A B S A, AT
HwHMEEAER, B, M PLAP-1 5 FF 5 8 &I
AR, AT R AR B R
2.3 FhFrEEEA

I US4 5 W IR S I AR - A A R AR 1
(Secretory calcium-binding phosphoprotein proline-glu-
tamine rich 1, SCPPPQ1) fE RN LITHFRIEIEZEH
A5 LA S S U BB, SRS T IR
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P SR 24 it A DG B 1 (W] 2 55 ok A A i A
ELAT W - iz 40 M B 25 A6 5 Ak 2 e B Ak A BE P
SCPPPQ1 24T H 9 9 kDa HI/NE A, & & HiK
M B IRIR 5 L, X S iR P o B 0 T I i B A T
FOHEHT ST o AT T 2 R A B 4 2 R s P O 7
AN M4 BAL 4R o FE R M i Sk 2R 5 0 B
SyATT L LS O DR A A I E A R R G, W
SCPPPQI1 Lo & 1 LAM332 1 2% sl H A = 75 Fl
TR IR AWM EARE &Y, ol 5R 4
M5 FE AL RE 7, R A& RE AL 1Y 58 2 R 5L 1w 19 1%
& ReSr, IR SCPPPQL / LAM332 & 44wl
FHTFHHRIGIT ARG 259, DL RR il 20 TR e
ENIOE Y T T B rE P S Gl ol WA E vt AR
3 RE

AW R T F A S0 h s S E A 7E
2 JE AR O 1 A AS RSy, [ 40 RN A3 KO
XFFHARE T BE NP, L R AEHVLE D7 A
FRRAMNSE . KRR TR ERE WA Ik PRI
SRR — 25 04 PR T 5 K 1 3D 2F T8 9 B 58 AIE T
AT,

[1] Lin C, Yang Y S, Ma H, et al. Engineering a targeted
and safe bone anabolic gene therapy to treat osteoporosis
in alveolar bone loss[ J]. Mol Ther, 2024 ,32(9) :3080—
3100.

[2] Huang X, Deng Y, Xiao J, et al. Genetically engineered
M2-like macrophage-derived exosomes for P. gingivalis-
suppressed cementum regeneration: From mechanism to
therapy[ J|. Bioact Mater, 2024 ,32.473—-487.

[3] Schminke B, Kauffmann P, Brockmeyer P, et al. The
proteomes of oral cells change during co-cultivation with
aggregaltibacter actinomycetemcomitans and eikenella cor-
rodens[ J]. Biomedicines, 2023,11(3) ;:700.

[4] Luo X, NiuJ, Su G, et al. Research progress of biomim-
etic materials in oral medicine[ J]. J Biol Eng, 2023,17
(1).72.

[5] Miguez P A, Bash E, Musskopf M L, et al. Control of
tissue homeostasis by the extracellular matrix: synthetic
heparan sulfate as a promising therapeutic for periodontal
health and bone regeneration [ J ]. Periodontol 2000,
2024,94(1) :510-531.

[6] Fraser D, Benoit D. Dual peptide-functionalized hydro-
gels differentially control periodontal cell function and
promote tissue regeneration [ J]. Biomater Adv, 2022,
141:213093.

[7] Shaikh M S, Shahzad Z, Tash E A, et al. Human um-
bilical cord mesenchymal stem cells: current literature
and role in periodontal regeneration[ J]. Cells, 2022,11
(7).1168.

[8] Abdallah A T, Konermann A. Unraveling divergent tran-
scriptomic profiles: a comparative single-cell RNA se-

quencing study of epithelium, gingiva, and periodontal

BRY, L PR E A R AL A RO T

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

ligament tissues[ J]. Int J Mol Sci, 2024,25(11) :5617.
Wen S, Zheng X, Yin W, et al. Dental stem cell dynam-
ics in periodontal ligament regeneration: from mechanism
to application [ J]. Stem Cell Res Ther, 2024, 15
(1) :389.

Nakamura T, Yamashita M, Tkegami K, et al. Autoph-
agy facilitates type I collagen synthesis in periodontal liga-
ment cells[ J]. Sci Rep, 2021,11(1) :1291.

Cores Ziskoven P, Nogueira A, Eick S, et al. Apelin
counteracts the effects of fusobacterium nucleatum on the
migration of periodontal ligament cells in vitro[ J]. Int J
Mol Sci, 2024,25(19) :10729.

Sun W, Yang T, Wang C, et al. Mitochondrial ROS par-
ticipates in porphyromonas gingivalis-induced pyroptosis
in cementoblasts[ J|. Heliyon, 2024 ,10(9) :e30814.
Cerrito P, Bailey S E, Hu B, et al. Parturitions, meno-
pause and other physiological stressors are recorded in
dental cementum microstructure [ J]. Sci Rep, 2020, 10
(1):5381.

de Oliveira B, Maia F, Massimino LLC, et al. Use of
plant extracts in polymeric scaffolds in the regeneration of
2024, 16

mandibular injuries [ J ]. Pharmaceutics,

(4) .491.
Budala D G, Martu M A, Maftei G A, et al. The role of
natural compounds in optimizing contemporary dental
treatment-current status and future trends [ J]. J Funct
Biomater, 2023,14(5) :273.

Wang J, McVicar A, Chen Y, et al.

mouse model uncovers transforming growth factor-B1 /

Atp6i deficient

Smad2/3 as a key signaling pathway regulating odonto-
blast differentiation and tooth root formation[ J]. Int J O-
ral Sci, 2023,15(1) :35.

Imber J C, Roccuzzo A, Stihli A, et al. Immunohisto-
chemical evaluation of periodontal regeneration using a
porous collagen scaffold [ J]. Int J Mol Sci, 2021, 22
(20) :10915.

Shahrabi-Farahani S, Pencarinha D M, Anderson M.
SATB2 immunoexpression in peripheral ossifying fibroma
and peripheral odontogenic fibroma[ J]. 2022,16(2):
339-343.

Montoya G, Arenas J, Romo E, et al. Human recombi-
nant cementum attachment protein (hrPTPLa/CAP) pro-
motes hydroxyapatite crystal formation in vitro and bone
healing in vivo[ J]. Bone, 2014,69;154—-164.

Bousnaki M, Beketova A, Kontonasaki E. A review of in
vivo and clinical studies applying scaffolds and cell sheet
technology for periodontal ligament regeneration[ J]. Bio-
molecules, 2022,12(3) .435.

Hoz L, Lopez S, Zeichner-David M, et al. Regeneration
of rat periodontium by cementum protein 1-derived pep-
tide[ J]. J Periodontal Res, 2021,56(6) :1223-1232.
Yang T, Li Y, Hong Y, et al. The construction of biomi-
metic cementum through a combination of bioskiving and
fluorine-containing biomineralization [ J ].

Biotechnol. 2020, 8.341.

Front Bioeng



B e

20254F 7 A A 46 B 4 W)

Int J Geriatr, July 2025, Vol. 46 No. 4

— 495 —

THRYE, B P RRREE AT R A S PR RIS S

[23]

[24]

[25]

[26]

[27]

[28]

Santonocito S, Ferlito S, Polizzi A, et al. Therapeutic
and metagenomic potential of the biomolecular therapies
against periodontitis and the oral microbiome; current evi-
dence and future perspectives[ J]. Int J Mol Sci, 2022,
23(22) :13708.

Ming P, Rao P, Wu T, et al. Biomimetic design and
fabrication of sericin-hydroxyapatite based membranes
with osteogenic activity for periodontal tissue regenera-
tion. Front Bioeng Biotechnol[ J].2022,10: 899293.
Arroyo R, Lopez S, Romo E, et al. Carboxy-terminal ce-
mentum protein 1-derived peptide 4 ( cempl-p4) pro-
motes mineralization through wnt/B-catenin signaling in
human oral mucosa stem cells[ J]. Int J Mol Sci, 2020,
21(4).doi: 10.3390/ijms21041307.

Kinoshita M, Yamada S, Sasaki J, et al. Mice lacking
PLAP-1/asporin show alteration of periodontal ligament
structures and acceleration of bone loss in periodontitis
[J]. Int J Mol Sci, 2023,24(21) :15989.

Sakashita H, Yamada S, Kinoshita M, et al. Mice lac-
king PLAP-1/asporin counteracts high fat diet-induced
metabolic disorder and alveolar bone loss by controlling
adipose tissue expansion [ J ]. Sci 2021, 11
(1) .:4970.

Yamaba S, Yamada S, Kajikawa T, et al. PLAP-1/as-

Rep,

[29]

[30]

[31]

[32]

[33]

porin regulates TLR2- and TLR4-induced inflammatory
responses[ J]. J Dent Res, 2015,94(12) :1706—1714.
Yu X, Liu S, Wang W, et al. Periodontal ligament-asso-
ciated protein-1 delays rat periodontal bone defect repair
by regulating osteogenic differentiation of bone marrow
stromal cells and osteoclast activation [ J ]. Int J Mol
Med, 2018,41(2):1110-1118.

Fischer N G, Kobe A C, Dai J, et al. Tapping basement
membrane motifs: oral junctional epithelium for surface-
mediated soft tissue attachment to prevent failure of percu-
taneous devices[ J]. Acta Biomater, 2022,141.70-88.
Fischer N G, Aparicio C. Junctional epithelium and

hemidesmosomes; tape and rivets for solving the '

' percu-
taneous device dilemma" in dental and other permanent
implants[ J]. Bioact Mater, 2022,18.178-198.

Fouillen A, Mary C, Ponce K J, et al. A proline rich
protein from the gingival seal around teeth exhibits antimi-
crobial properties against Porphyromonas gingivalis [ J ].
Sci Rep, 2021,11(1) :2353.

Nouri S, Holeroft J, Caruso L L, et al. An SCPPPQ1/
LLAM332 protein complex enhances the adhesion and mi-
gration of oral epithelial cells: implications for dentogingi-
Acta Biomater, 2022, 147.209 —

val regeneration [ J ].

220.



