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[Abstract] Exosomes (EXOs) are important mediators of intercellular communication that contain a variety of sub-
stances, including miRNA, mRNA, DNA, and protein molecules, which can act on target cells and have broad medical
prospects as “cell-free therapy”. The inclusion of EXOs varies with the type and state of the donor cell, thus EXOs from
different cell types may exhibit different biological effects. Dental mesenchymal stem cell (DMSC)-derived EXOs (DMSC-

EXOs) have gained increasing research attention in the fields of tissue regenerative medicine and immune regulation.
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Current research on EXOs is focused on the homeostasis between proinflammatory (M1)/anti-inflammatory (M2) macro-
phages and T-helper 17 (Th17)/regulatory T (Treg) cells during periodontal immune regulation. Studies have shown that
DMSC-EXOs can promote the transformation of macrophages and T cells and that this function may be dependent on the
surrounding microenvironment and the tissue origin of stem cells. For instance, miR-1246 in dental pulp stem cell-de-
rived EXOs promotes M2 macrophage polarization by inhibiting nuclear factor kappa-B (NF-kB) p65. Meanwhile, EXOs
derived from stem cells from apical papilla promote DNA demethylase Tet2-mediated demethylation of FoxP3, maintain
stable FoxP3 expression, and promote Treg cell transformation, thus alleviating local inflammation in periodontitis. In
addition, the immunomodulatory activities of DMSC-EXOs can be affected by inflammatory factors. For example, EXOs
derived from lipopolysaccharide-preconditioned dental follicle stem cells can reduce the receptor activator of NF-kB li-
gand/osteoprotegerin ratio through the reactive oxygen species (ROS)/c-Jun N-terminal kinase signaling pathway and pro-
mote M2 macrophage polarization through the ROS/extracellular signal-regulated kinase signaling pathway. Additional-
ly, EXOs derived from gingiva-derived mesenchymal stem cells pretreated with tumor necrosis factor-a and interferon-o
proinflammatory cytokines can promote M2 macrophage polarization through high expression of CD73 and CDSL, while
EXOs derived from periodontal ligament stem cells can promote M1 macrophage polarization. This article reviews the re-
search progress on the immunoregulation and effects of DMSC-EXOs on the homeostasis of M1/M2 macrophages and

Th17/Treg cells during periodontal immune regulation and provides a reference for the treatment of periodontitis using

DMSC-EXOs.
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T+ 21 Y (dental pulp stem cells, DPSCs) | it 7% FL 4[]
7o B 4 M (stem cells from exfoliated deciduous
teeth, SHED ) . 7 J&] [l 1) 75 J5i + 41 ffd ( periodontal lig-
ament stem cells, PDLSCs) | 7 %% [0] 58 i1 1 4 i
(dental follicle progenitorcells, DFPCs) | L 2 #R 2R
7L 3k 8] 78 5T 1+ 4 MY (apical papilla stem cells,
SCAPs )", DMSCs fE iy MSCs 14 M. 54 01 [6) B A7
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HoAth I Y5 A MSCs A1 H , DMSCs AT 3 it AR 42 APE 5
PAREL, 20 B ) S T BE T, X T RE
T PR A A Ml AR O A B BT B kb,
DMSCs $5K F k Fii fih 22 U 240 i, HC e 1 21 20
S A L P AR R A e A PR
JE) 0 BURAE DA K At V6 R 95 0 Ty T B A T AE )
PRFs BF5E 3 W], DMSCs 7] 38 5o 44 i 6] 1 42 4%
il F0 53 W AT M R AR T s RS B g A
JEL T 4B B AL L SR S0 AR AR 2 R A i S
S R DI RETE P, e T EEHLH B A T
MRk, HAT, T 2 HF5% 3R W DMSCs 1) e %%
P T T RE 3 E B T HOR PR A EXOs. EXOs J& H
12 30 ~ 150 nm 1) JiL &b /NGE 3, FL P 48 7 B 40 ok
U5 B 1 miRNA A% R 55 35t % 1 o, J2 40 A 1) 58
T BT L, 7 G e YT PR A K ORTIR T O B
1G4 DL T 41 2P A A5 22 Pl BAE B AR b R R
BIME T, LTI A 2R 40 A 4 1 EXOs , 2
$5 MSCs . #4 28 Ik 48 M ( dendritic cell, DCs) B ZH i .
THMLEE FH T ZAFTE T 2B, anam %% R
W EEFL RS TR LR KRR . AR ST & B, EXOs
A3 ek 3 ad £ U 45 S A0 A Y 35 P DEXOs 38 i
200 i 1) A 1 R 3 M B AR B R B HE 4
JEL PN 5 41 i 4% 55 2 11 5 4 B 3R 1T B AR A

M1

( (3)

ROS/ERK

HIF-1a-mTOR

TNF-a/IFN-a iR-143-3p/PI3K NF-xB P65/P38
m (2)

Tet2/FoxP3
SIRT1

Treg miR-1246/Nfat5 Th17

T AT B PR S I, AT R R 0 S A s DAk
AR RS B FRT A 00 i 0 ) B i) B DD B 24
) R BRI AR S T s LA, 5 H A 40 A 3R I A2 1R
ghfy SEE BAEEE Y . BT EXOs B9 & T L
R 38 5 05 IR 5 F B 4 A, EXOs K i 22 1 9 FH 1
P IpT 2 W A TS 1 R TE 2 Wik A A i

DMSCs-EXOs £ 45 Fftllfi R 117 F G R A 55 5
N R AR T AR R 4 A2 W RNR 9T
DMSCs-EXOs 7E 7 J&] 4 v 32 22 & # 9 1l 5 5E
FGE 28 T AL 2O A VR T, 3R 97 A TR R RNl
R R T — AR A R A R T
Jrik,

2 ZFiEMEE FE BT A B SR IR RS iR FE T B
EiEAT REER

F R RGPEGIT ) EE SRS 5 A R
PA P S BE AN B = o o Y AS R K P
F1% 6 J22 240 IO, BT AT 6 2 5% 240 i IV A 114 2 Ak A fie
R AN D 19 B 2 2 BT AR i S A o3 A A
PUR ML )5 > FAT, fe 288 (M1 R /47t
R (M2 B ) g 4l B T 240 i (Th17) /8 45
PET 40 (Treg) 22 [ 1 V- 1] 5% A6 2 2F Jil % %o % 4
TR TR (& 1) 27

(1): disease - related inflammatory signals can activate
DMSCs and reprogram their source EXOs. (2): miR-143-3p
i DS B0y ikt BT errpzesiom amdl o Wi
macrophage polarization. (3): DMSC-EXOs activate NF-«kB
p6S/MAPK p38, HIF - 1a/mTOR, and ROS/NK and pro-
mote M2 macrophage polarization. (4): DMSC-EXOs inhibit
ACE2 and SIRT1 expression and promote FoxP3 demethyl-
ation to regulate Th17/Treg homeostasis.

DMSCs: dental mesenchymal stem cells. EXOs: exosomes.
G T O St R L e e
s B, I T e el e flae w0

mammalian target of rapamycin. ROS: reactive oxygen spe-

cies. JNK: ¢-Jun N-terminal ki-nases. ACE2: angiotensin converting enzyme 2. SIRT1: silent mating type informationregulation 2 homolog 1.

FoxP3: forkhead box protein P3

Figure 1 Regulation of immune cells by DMSC-EXOs
1 28 5 ) 5 5 40 i ok D5 %) &1 4 X e 982 200 JHED 1 9] 42

2.1 DMSCs-EXOs 2 7 B E #% 2 i 6 1 42

Fu 0 40 i 19 17 o 722 A 5 21 20 B B % U0 A
K, 2H ZURR A B AT I 4 A AR 3R BRI D) fig AR
1= BF5E & AR ZF J 2% BCER 58 v k240 i f 1)
F 9] M1 (proinflammatory ) &Y (fi¢ & % ) 431k , 1 M2

(pro-repairing) & (HT % AU ) 1Y 43 b 9 W 2 41 il >0
M1 B [ 4 i ] R i 22 b 98 P 4 M PR e 98 SR
At - (tumor necrosis factoralpha, TNF-a) . A
% (interleukin, IL) -6 Fl IL-1B &% , 5| & 7 #l 98 5E fl
R W, M2 TR I AR i RT3 TL-10
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5 Ak A2 K A F - B1 (transform growth factor- g1,
TGF-B1)8EHT R K 1~ FEAR S AE S0, 12 37E 240 i 43 5
I UL AR Y PRIk, I 40 i 8 m) 958 1 2 2
RAPEPI R FE R A

7F & 4% o DMSCs-EXOs f) — 4~ 52 %2 G 328 1 15
PR 0 MY A A B Ak R M2 B R
Wk 240 B B8 A, 165 5 T A8 240 L PR 1 2R3k, DA I
JRI R G PR SN2, Shen %5533 4+ $8 BN 21 6 )
FEJT T 440 MR TR A SR A A (DPSCs-EXOs ) 345 J 5
FCRME AR BRI S G, A8 1A PRI B 48 D WA AR 1 7K
BEJE (EXOs/CS) 75 /N B JA] 58 A58 78 v e 240
(1 5 P52 T, 25 S 36 B EXOs/CS RERS A2 3E 58 J&] % /)N
B A S 2H 2 r g 2 I M 2 B A Dy M2 2
ERRAKIL-23 IL-1a \ TNF-o \TL-12 | IL-1B . IL-27 Al
IL-17 55 R AE K 1 23K, DT A2 2#E 28 Ji 4 /DN Bl i
IF R ACE A B B R A, FEBL Al E S DPSCs-
EXOs 1/ miR-1246 1 ] NF-«B P65 Fl P38 A X ,
I A AL 7R T DPSCs-EXOs/CS 1R Y7 L
il L 0 H N TF R AR R ST 5 R A T
Al

ULAE | W] 42 25 DMSCs-EXOs Y 5 532 1815 g
T38RI 5T Y AR R o TR] 22 0 B 40 i 79T A B
7 LW TR I BE AL EXOs J& EXOs J7 35 19 1
HME Z — . Huang 5504 (1 5E % BL LPS i ib B 2
40 (1) 70 J57 + 40 A U 14 213 44 (LPS-DFSCs-EXOs )
0] 5o 175 PE 4R (reactive oxygen species, ROS)/c-Jun
24 35 R Vit 14 il (c-Jun N-terminal kinase , JINK) {5 5
i R I A 1 kB 32 AT A ] 5 BCAK (receptor
activator of nuclear factor- kB ligand, RANKL) /& 1%
$1 Z (osteoclastogenesis inhibitory factor, OPG ) Ft il ,
I 5 ROS/4M A #1819 25 1 I (extracellular reg-
ulated protein kinases , ERK ) {5 518 & fie # 5 W5 201 g
6] M2 B4 Ak, AT S 58 DFSCs-EXOs X 5 Ji % 11
RIFRCR o X SEE SR W] JE AH G A - RE A% 1 o
DMSCs-EXOs fie 2 g 2 )it M2 BB AL O fE 7 o 4%
1M , Wang %55 (i BIF 5% % B DMSCs-EXOs 1) 5 7 14
TRETEAAN 5 H R E A R,
J& 2 £ 3 B9 PDLSCs (inflammatory periodontal liga-
ment stem cells, iPDLSCs) F1 A 2P 5% 40 i 1 1
95 41 iR CTHP- 1) S 5 (1 MO Ik 40 it J6 1% 3% J5 &
B, iPDLSCs 7E mRNA F£ [1KF B0 1T M2 B
0t 240 MO A A 5 32E— 25 73 8 iPDLSCs SR YR ) S 308 ¢
(iPDLSCs-EXOs) , & B iPDLSCs-EXOs 1 il M2 74 |5
I £ i 1) [ Bsf 308 228 iPDLSCs-EX Os i 1 . 15 21 fifd )

M1 R AL, FH miRNA &S F H 8 PDLSCs-EXOs
A1 iPDLSCs-EXOs 1 miRNA , %& ¥l 5 PDLSCs-EXOs
AH Lt iPDLSCs-EXOs 1 & £8 T miR-143-3p, 1fii miR-
143-3p 18 i 1 1 PI3BK/AKT 15 5 18 P& I 30% NF-«B
{5538 8%, T3] PI3Ky B9 2635, i #E M1 5 I 4
AR AL , e 2 48 /0N BRBE R B 24 JR] R AE . DMSCs
-EXOs 7E 4 4 T R 355 Hhoxt B 05 20 i A9 4% 1k 7 A= A
J I 25 S 0T fig S B A - (D A1 W 44 Sk 5 1% 4 Jif 24 7Y
ANTE] ; QPR P9 AM R AE IR B X EXOs B & N & 907
AN TR 5 o B, AR E TR BE AR A N Ah
DMSCs-EXOs 4t I 5 B8 7 1) 5% e 75 22 iF — 20 4K
Wb, I b B G PR B SCORN IR W A0 A b Y
AAHLH] .
2.2 DMSCs-EXOs *F 5 & T 4m fien 6 i 4=

Bl 5 X T 240 M 7E 2 J 98 S e 1 A g A
WBWIRA , KB T R Jmy BB G 9% 52 0L - 48 1 1
W5 Th17/Treg 2 fl 22 1] Lt 451 1) 2K 378 25 AR G
AR , F 41210 Th17 F Treg 20 M 69 26 45 DL K
AP JE I Th17/Treg LEAR 1 T+ 85 5 2 J8] 4% 1) i Jig
5 Rl B W VDA O, Dutzan S5 5T R B AE
FJE R Th17 408 K H A i N 7k B, of S
F I H AR IR B IE M E . Glawacki 267 & BLAE K
F J) 96 B R v B B Treg ] 3l i AR AR R 7 (4
5 TNF-o IL-1B8 FIL-17) 0 B Ok 5 35 20 R 25
R KB £ . UL, 75 Th17/Treg HAE
Al BB IRIT F A R iE AR

7 JE % o DMSCs-EXOs X} T 40 i % 1k 1) 52
EHEF IR RERESNEZRERZ 1,
SCAPs-EXOs i 1 fi¢ i#f DNA 2= H 3 AL i Tet2 (Tet
methylcytosine dioxygenase 2, Tet2) 41 5 [ FoxP3 1}
WAL, 4+ FoxP3 W Fa E 23k, fE i Treg #54L.
W G2 i 2 JE 4% S il 48 o SR 1T, SCAP-EXO I
Tl Tet2 B HARBL ] ¥ AW 4, 77— D R o
HALH o AEARSD R AE AU IR T 1, 5 PDLSCs-EXO
AH . LPS-PDLSCs-EXO 1 miR-155-5p [ 3¢ ik i %
FEAR, 5 CD4 T 4l il e 3% 57 S HOL A 8 1 L Sk
A6 1 (SIRT1) FR B3 I, AT 42 i CD4* T 4 il 1]
Treg 34k, B 4R DMSCs-EXOs & #iiF B 7 52 56
PEIFFA 2 v BA WGP VERT B =% 78R BR
S S PHLAS T LR PR R, BRI, Yu' @ A Zhang'*
S ] 3D 1y 37 i UG e i 2D 15 97, R L
3D $5 7% A] fig #F DPSCs 43 W EXO, [A] i 3D-DPSCs-
EXOs 7€ 7 J& 4 5 7 d v L3 3 miR-1246/Nfat5 il
VT T17/Treg BY-~F-f7 , YK 52 52 51 2 J5) 2H 43 09 B 9% i
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gelwl, g RW)E 2D BEFRA L, 3D 3R T LR
DPSCs-EXOs 77 1, I 38 5 H AR 1 5E 77 -

3 R E

VE R A% GE 7 i (R #h 78, 38 3k 0 5 1 2
NRIGIT A R AR LT Z 8] T 72 K,
EXOs 7E 5 A0 FE B I ] UG MSCs, S S 88167 11
TR BIRIT A e, A L T Y MSCs R
J7 , EXOs B AT LR W AE R 3 : DEXOs fe 3% Ji Pk b
MSCs 1tk ; @ EXOs A J7 7] DL A3 %50kt 50 1 3% 1 A
MSCs 355771 2 B A & 48 4k [ B, I H.EXOs %) T
il % F11z 4 s QEXOs 1E R 9K BURs , 7] LL2E R 2 Fh
Jo s (i i B L B 4 i A 45 ), EL AT DL B B et
20 L B OO AE AR A0, R HRCR s . 3
EXOs 7EIIfi PRG Ak R R AE 7= Fa e il 2% A4
J5 ZE R i AR ) 5 AT AR A L A S IR Bk R .

5 B, AN A Y 43 B 4 R 23 52 i EXOs 1Y 46
B ormmEEEAYE e, Wik, — 2k
EXOs 43 85\ alifb DL K 4 i Ho ™ 1 i 8 B AR K A B
T ilax 2e ik 45 . 5T R BT, DMSCs-EXOs i 228 34
5 G 928 AN R 1 0 M, 1 T R ) ML 19 5 R B R
S0 RN I8 WM R E RS, HSR DMSCs-EXOs 1 4
REV T RE I HLAA TR G N AR B gz AT
H il DMSCs-EXOs [ WF 5247540 01 B Bt | 1 % HAE
I JE G S PR R I E SR A B> (R 1) A B AR
Ji 53 F- LA B sl ) 55 56 45 L mli F 5 o B o L e 44
JEL AT T 40 A, R R 40 e B 4i AR K 41
JHLEST AR 5 AR A B HR A SR s A S 5 T A
oS SN, LA G 08 20 A 2 )8R v VR A 1)
20, 8 B RS A AR 0 BE 5 R )
DMSCs-EXOs X3 26 2 fifd (1) 97 4%

R IR PR ) T8 5T A AR R S AR 2 T S e e Y R

Table 1  Periodontal immune regulation properties of DMSC-EXOs

Immune cell type Exosome source Mechanisms References

Macrophage DPSC-EXOs  miR-1246 inhibits the expression of NF-kB p65, MAPK p38, and inflammatory factors, such as 11.-23, [33]
IL-1a, TNF-a, IL-12, IL-1B, I1L.-27, and 1L-17, thereby promoting the transformation of macrophages
from M1 to M2 type

DFSP-EXOs ~ ROS/ERK signaling pathway promotes macrophage polarization to M2 type [34]
iPDLSC-EXOs  miR-143-3p inhibits the expression of PI3K+y and promotes the polarization of M1 macrophages by in-  [35]
hibiting the PI3K/AKT signaling pathway and activating the NF-kB signaling pathway
T cell SCAP-EXOs  Promote DNA demethylase Tet2-mediated demethylation of FoxP3, maintain stable FoxP3 expression, [41]
and promote Treg cells transformation
PDLSC-EXOs  Inhibit SIRT1 expression and promote Treg cell transformation of CD4* T cells [42]
3D-DPSC-EXOs miR-1246/NFATS axis regulates T17/Treg cell homeostasis [43][44]

DMSC-EXOs: exosomes derived from dental mesenchymal stem cells. NF-kB: nuclear factor kappa B; IL: interleukin; HIF-1a: hypoxia inducible factor-

la; mTOR: mammalian target of rapamycin; TNF-a: tumor necrosis factor alpha; ROS: reactive oxygen species; ERK: extracellular regulated protein ki-

nases; PI3K: phosphoinositide 3 kinase; Tet2: Tet methylcytosine dioxygenase 2; FoxP3: forkhead box protein P3; Treg: regulatory T cells

[ Author contributions] Akbar-arkin collected the references and
wrote the article. Chen XTconceptualized, revised and reviewed the arti-

cle. All authors read and approved the final manuscript submitted.

5 3% 30k

[1]  Peres MA, Macpherson LMD, Weyant RJ, et al. Oral diseases: a
global public health challenge [J]. Lancet, 2019, 394(10194): 249-
260. doi: 10.1016/S0140-6736(19)31146-8.

[2]  Lin H, Chen H, Zhao X, et al. Advances of exosomes in periodonti-
tis treatment [J]. J Transl Med, 2022, 20(1): 279. doi: 10.1186/
512967-022-03487-4.

[3]  Kim WJ, Soh Y, Heo SM. Recent advances of therapeutic targets
for the treatment of periodontal disease [J]. Biomol Ther(Seoul),
2021, 29(3): 263-267. doi: 10.4062/biomolther.2021.001.

[4] Chen L, Zhu S, Guo S, et al. Mechanisms and clinical application
potential of mesenchymal stem cells-derived extracellular vesicles
in periodontal regeneration [J]. Stem Cell Res Ther, 2023, 14(1):
26. doi: 10.1186/513287-023-03242-6.

[5]  Yang G, Fan X, Liu Y, et al. Inmunomodulatory mechanisms and
therapeutic potential of mesenchymal stem cells [J]. Stem Cell Rev
Rep, 2023, 19(5): 1214-1231. doi: 10.1007/s12015-023-10539-9.

[6] LiP, Ou Q, Shi S, et al. Inmunomodulatory properties of mesen-
chymal stem cells/dental stem cells and their therapeutic applica-
tions [J]. Cell Mol Immunol, 2023, 20: 558 - 569. doi: 10.1038/
$41423-023-00998-y.

[71  Luo H, Birjandi AA, Ren F, et al. Advances in oral mesenchymal
stem cell-derived extracellular vesicles in health and disease [J].

Genes Dis, 2023, 11(1): 346 - 357. doi: 10.1016/j. gendis. 2023.



b

AREERBA 20248108 %328 F10H
Journal of Prevention and Treatment for Stomatological Diseases, Oct. 2024, Vol.32 No.10 http://www.kgjbfz.com + 803 -

[12]

[14]

[15]

[16]

[17]

(18]

[20]

[21]

03.015.

Hade MD, Suire CN, Suo Z. Mesenchymal stem cell-derived exo-
somes: applications in regenerative medicine [J]. Cells, 2021, 10
(8): 1959. doi: 10.3390/cells10081959.

Stanko P, Altanerova U, Jakubechova J, et al. Dental mesenchy-
mal stem/stromal cells and their exosomes [J]. Stem Cells Int,
2018, 2018: 8973613. doi: 10.1155/2018/8973613.

Luo P, Jiang C, Ji P, et al. Exosomes of stem cells from human ex-
foliated deciduous teeth as an anti-inflammatory agent in temporo-
mandibular joint chondrocytes via miR - 100-5p/mTOR [J]. Stem
Cell Res Ther, 2019, 10(1): 216. doi: 10.1186/s13287-019-1341-7.
Andrukhov O, Behm C, Blufstein A, et al. Immunomodulatory
properties of dental tissue-derived mesenchymal stem cells: impli-
cation in disease and tissue regeneration [J]. World J Stem Cells,
2019, 11(9): 604-617. doi: 10.4252/wjsc.v11.i9.604.

Yan X, Yan F, Mohammed HAG, et al. Maxillofacial-derived mes-
enchymal stem cells: characteristics and progress in tissue regen-
eration [J]. Stem Cells Int, 2021, 2021: 5516521. doi: 10.1155/
2021/5516521.

Wang M, Xie J, Wang C, et al. Inmunomodulatory properties of
stem cells in periodontitis: current status and future prospective
[JI. Stem Cells Int, 2020, 2020: 9836518. doi: 10.1155/2020/
9836518.

Min Q, Yang L, Tian H, et al. Inmunomodulatory mechanism and
potential application of dental pulp-derived stem cells in immune-
mediated diseases [J]. Int J Mol Sci, 2023, 24(9): 8068. doi:
10.3390/ijms24098068.

Shi Q, Huo N, Wang X, et al. Exosomes from oral tissue stem
cells: biological effects and applications [J]. Cell Biosci, 2020, 10:
108. doi: 10.1186/s13578-020-00471-7.

Li B, Ouchi T, Cao Y, et al. Dental - derived mesenchymal stem
cells: state of the art [J]. Front Cell Dev Biol, 2021, 9: 654559.
doi: 10.3389/fcell.2021.654559.

Zhou LL, Liu W, Wu YM, et al. Oral mesenchymal stem/progeni-
tor cells: the immunomodulatory masters [J]. Stem Cells Int, 2020,
2020: 1327405. doi: 10.1155/2020/1327405.

Zheng T. A review of the roles of specialized extracellular vesicles,
migrasomes, and exosomes in normal cell physiology and disease
[JI. Med Sci Monit, 2023, 29: €940118. doi: 10.12659MSN.940118.
Arya SB, Collie SP, Parent CA. The ins-and-outs of exosome bio-
genesis, secretion, and internalization [J]. Trends Cell Biol, 2024,
34(2): 90-108. doi: 10.1016/j.tch.2023.06.006.

Giovanazzi A, van Herwijnen MJC, Kleinjan M, et al. Surface pro-
tein profiling of milk and serum extracellular vesicles unveils body
fluid - specific signatures[J]. Sci Rep, 2023, 13(1): 8758. doi:
10.1038/S41598-023-35799-W.

Hassanpour M, Rezabakhsh A, Rezaie J, et al. Exosomal cargos
modulate autophagy in recipient cells via different signaling path-
ways [J]. Cell Biosci, 2020, 10: 92. doi: 10.1186/s13578 - 020 -
00455-7.

Zou Z, Li H, Xu G, et al. Current knowledge and future perspec-

tives of exosomes as nanocarriers in diagnosis and treatment of dis-

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

eases [J]. Int J Nanomedicine, 2023, 18: 4751-4778. doi: 10.2147/
1JN.S417422.

Safari Z, Firouzi A, Rezaeikalantari N, et al. The salivary exo-
somal microRNA as a potential biomarker in patients with peri-
odontitis and oral cancers [J]. Chem Biol Drug Des, 2023, 101(5):
1204-1215. doi: 10.1111/chdd.14159.

Mousavi E, Khosravi A, Sedigh SS, et al. Exosomes derived from
mesenchymal stem cells: Heralding a new treatment for periodonti-
tis? [J]. Tissue Cell, 2023, 82: 102070. doi: 10.1016/}.tice.2023.
102070.

Yang B, Pang X, Li Z, et al. Inmunomodulation in the treatment of
periodontitis: progress and perspectives [J]. Front Immunol, 2021,
12: 781378. doi: 10.3389/fimmu.2021.781378.

Li Y, Chen Y, Cai G, et al. Roles of trained immunity in the patho-
genesis of periodontitis [J]. J Periodontal Res, 2023, 58(5): 864 -
873. doi: 10.1111/jre.13158.

Cavalla F, Hernandez M. Polarization profiles of T lymphocytes
and macrophages responses in periodontitis [J]. Adv Exp Med
Biol, 2022, 1373: 195-208. doi: 10.1007/978-3-030-96881-6_10.
Zhang W, Guan N, Zhang X, et al. Study on the imbalance of M1/
M2 macrophage polarization in severe chronic periodontitis [J].
Technol Health Care, 2023, 31(1): 117-124. doi: 10.3233/THC -
220092.

Sun X, Gao J, Meng X, et al. Polarized macrophages in periodonti-
tis: characteristics, function, and molecular signaling [J]. Front Im-
munol, 2021, 12: 763334. doi: 10.3389/fimmu.2021.763334.

LiJ, Liu Y, Lai W, et al. MicroRNA-126 regulates macrophage po-
larization to prevent the resorption of alveolar bone in diabetic
periodontitis [J]. Arch Oral Biol, 2023, 150: 105686. doi: 10.1016/
j.archoralbio.2023.105686.

Yin L, Li X, Hou J. Macrophages in periodontitis: a dynamic shift
between tissue destruction and repair [J]. Jpn Dent Sci Rev, 2022,
58: 336-347. doi: 10.1016/}.jdsr.2022.10.002.

Alkakhan W, Farrar N, Sikora V, et al. Statins modulate microen-
vironmental cues driving macrophage polarization in simulated
periodontal inflammation [J]. Cells, 2023, 12(15): 1961. doi:
10.3390/cells12151961.

Shen Z, Kuang S, Zhang Y, et al. Chitosan hydrogel incorporated
with dental pulp stem cell-derived exosomes alleviates periodonti-
tis in mice via a macrophage-dependent mechanism [J]. Bioact Ma-
ter, 2020, 5(4): 1113-1126. doi: 10.1016/j.bioactmat.2020.07.002.
Huang Y, Liu Q, Liu L, et al. Lipopolysaccharide - preconditioned
dental follicle stem cells derived small extracellular vesicles treat-
ing periodontitis via reactive oxygen species/mitogen - activated
protein kinase signaling - mediated antioxidant effect [J]. Int J
Nanomedicine, 2022, 17: 799-819. doi: 10.2147/1JN.S350869.
Wang Y, Zhang X, Wang J, et al. Inflammatory periodontal liga-
ment stem cells drive M1 macrophage polarization via exosomal
miR - 143-3p-mediated regulation of PI3K/AKT/NF-kB signaling
[JI. Stem Cells, 2023, 41(2): 184 - 199. doi: 10.1093/stmels/
sxac087.

Figueredo CM, Lira-Junior R, Love RM. T and B cells in periodon-



- 804 -

b

ORERBAE 20244 108 £32% £10H

Journal of Prevention and Treatment for Stomatological Diseases, Oct. 2024, Vol.32 No.10  http://www.kqjbfz.com

[38]

(391

[42]

[43]

[44]

[45]

tal disease: new functions in A complex scenario [J]. Int ] Mol Sci,
2019, 20(16): 3949. doi: 10.3390/ijms20163949.

Gonzalez-Osuna L, Sierra-Cristancho A, Cafferata EA, et al. Se-
nescent CD4" CD28™ T lymphocytes as a potential driver of Th17/
treg imbalance and alveolar bone resorption during periodontitis
[J1. Int J Mol Sei, 2022, 23(5): 2543. doi: 10.3390/ijms23052543.
Dutzan N, Abusleme L. T helper 17 cells as pathogenic drivers of
periodontitis [J]. Adv Exp Med Biol, 2019, 1197: 107-117. doi:
10.1007/978-3-030-28524-1_9.

Glowacki AJ, Yoshizawa S, Jhunjhunwala S, et al. Prevention of in-
flammation-mediated bone loss in murine and canine periodontal
disease via recruitment of regulatory lymphocytes [J]. Proc Natl
Acad Sci USA, 2013, 110(46): 18525 - 18530. doi: 10.1073/
pnas.1302829110.

Leng S, Xu W, Wu L, et al. NLRP3 disturbs treg/Th17 cell bal-
ance lo aggravate apical periodontitis [J]. J Dent Res, 2023, 102
(6): 656-666. doi: 10.1177/00220345231151692.

Yu S, Chen X, Liu Y, et al. Exosomes derived from stem cells from
the apical papilla alleviate inflammation in rat pulpitis by upregu-
lating regulatory T cells [J]. Int Endod J, 2022, 55(5): 517 -530.
doi: 10.1111/iej.13721.

Lei F, Li M, Lin T, et al. Treatment of inflammatory bone loss in
periodontitis by stem cell - derived exosomes [J]. ActaBiomater,
2022, 141: 333-343. doi: 10.1016/j.acthio.2021.12.035.

Yu W, Su X, li M, et al. Three-dimensional mechanical microenvi-
ronment enhanced osteogenic activity of mesenchymal stem cells-
derived exosomes [J]. Chem Eng J, 2021, 417(6): 128040. doi:
10.1016/j.cej.2020.128040.

Zhang Y, Chen ], Fu H, et al. Exosomes derived from 3D-cultured
MSCs improve therapeutic effects in periodontitis and experimen-
tal colitis and restore the Th17 cell/Treg balance in inflamed peri-
odontium [J]. Int J Oral Sei, 2021, 13(1): 43. doi: 10.1038/s41368-
021-00150-4.

Ferrti-Cafiellas MDM, Munar-Bestard M, Florisl, et al. A sequen-
tial micro-immunotherapy medicine increases collagen deposition
in human gingival fibroblasts and in an engineered 3D gingival
model under inflammatory conditions [J]. Int J Mol Sci, 2023, 24
(13): 10484. doi: 10.3390/ijms241310484.

[46]

[47]

[48]

[49]

[501]

[51]

[52]

Bakkar M, Liu Y, Fang D, et al. A simplified and systematic
method to isolate, culture, and characterize multiple types of hu-
man dental stem cells from a single tooth [J]. Methods Mol Biol,
2017, 1553: 191-207. doi: 10.1007/978-1-4939-6756-8_15.
Essola JM, Zhang M, Yang H, etal. Exosome regulation of immune
response mechanism: pros and cons in immunotherapy [J]. Bioact
Mater, 2023, 32: 124-146. doi: 10.1016/j.bioactmat.2023.09.018.
Junxian L, Mehrabanian M, Mivehchi H, et al. The homeostasis
and therapeutic applications of innate and adaptive immune cells
in periodontitis [J]. Oral Dis, 2023, 29(7): 2552 - 2564. doi:
10.1111/0di.14360.

Bassani B, Cucchiara M, Butera A, et al. Neutrophils’ contribution
to periodontitis and periodontitis - associated cardiovascular dis-
eases [J]. Int J Mol Sci, 2023, 24(20): 15370. doi: 10.3390/ijms
242015370.

Shi T, Jin Y, Miao Y, et al. IL-10 secreting B cells regulate peri-
odontal immune response during periodontitis [J]. Odontology,
2020, 108(3): 350-357. doi: 10.1007/s10266-019-00470-2.

E Ribeiro LSF, Dos Santos JN, Rocha CAG, et al. Association be-
tween mast cells and collagen maturation in chronic periodontitis
in humans [J]. J Histochem Cytochem, 2018, 66(6): 467-475. doi:
10.1369/0022155418765131.

El-Awady AR, Elashiry M, Morandini AC, et al. Dendritic cells a
critical link to alveolar bone loss and systemic disease risk in peri-
odontitis: Immunotherapeutic implications [J]. Periodontol 2000,

2022, 89(1): 41-50. doi: 10.1111/prd.12428.
(458 SKHE)

? Open Access

This article is licensed under a Creative Commons
Attribution 4.0 International License.
Copyright © 2024 by Editorial Department of Journal of

Prevention and Treatment for Stomatological Diseases


https://creativecommons.org/licenses/by/4.0/



