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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 inflammatory periodontal ligament stem cells can promote M1 macrophage polarization. This article
reviews the research progress on the immunoregulation and effects of DMSC-EXOs on the homeostasis of M1/M2 macro-

phages and Th17/Treg cells during periodontal immune regulation and provides a reference for the treatment of peri-

odontitis using DMSC-EXOs.
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DMSCs 7] 3 i 45 42 APk 7 i 3R B, I 28 B0 3 55 o
1) G 2 15 BB 7, 31X R RE A p T RS PN A 4 A
RAEABEFTEC . BLAh, DMSCs ¥k A 3k /i #f 4
Rk 200 i, HC e 1 2 0 5 e L A O 4 2 AR R
A Pl A R R A 2P A DA R At X
TR PE B O T B W AR LR, AR R,
DMSCs 1] 3 525 4 A [ T 42 52 i A1 o3 0wl 35 7 PR
TEH FoRERS T E EANN T 4000 B 4000 . A 2R
A3 A R AR 240 L 45 O B B3 B T RE I PR
XFXEHHE A THMLHRY, HAT, B L
F 5 2 B DMSCs A9 5 228 98 15 D fig 2 20 IR F Hok
JEHY EXOs. EXOs J& FL42 30 ~ 150 nm 1) fg 71 /)N 2
W, H Py HE A BRI R VR A B miRNA A% R 55
1A% W 0, 2 A0 e R) TR BT LR A S R T
i A= A TR s BE AL R LA AL SR A AR 2
g B A B R R R AR Y, LA 25 A
1) 210 e 4B 53 16 EXOs , £ 45 MSCs A 2 1R 20 g (den-
dritic cell, DCs) . B 4l ifd . T 40 g 250, 3¢ ) 2 475
TV AW, a3 R BEFL RS E KR
MEVR ', WESE &N, EXOs 7] 3 1t 3 Fl i 42 8 45 40
A A 15 M DEXOs 38 123 $0 40 it /Y B 7545 F R 6
PR B B A SRR SE 40 L P s @QEXOs IR H 5
240 e 3R TR AR AR 2 ST 20 R PN A S I A

M2

M1

( 3) ROS/ERK

NF-kB P65/P38
HIF-1a-mTOR

TNF-a/IFN-a iR-143-3p/PI3K
2
m (2)

Tet2/FoxP3
SIRT1

Treg miR-1246/Nfat5 Th17

7 8] 2 L 40 R 355 47 5 @ EX Os [ 2K 1 1T 4% 41 i &1 1]
Wt 110 25 P D, S 0 R BT A A s M A
5 B bR g i 2 RS A UG B AR H
F EXOs [ P E 40 v] LLAR 4 ¢ 95 R 25 308 2
EXOs i ok it 22 1 F 159 12 Wi f TS 198 7E 12
Wik bR =

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
6 OF R W CER A T — OB I A A RN TR IR 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: c¢-Jun N-terminal ki-nases. ACE2: angiotensin converting enzyme 2. SIRT1: silent mating type information regulation 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
SCRME K BEI S5 AER PRSI 17 80 EXOs 1 7K BE
Jig (EXOs/CS) 15 /Iy B Ji] 98 A 4 rp ok 1 1 248 D 1Y
WAL R, 25 53 W EXOs/CS REWS L iE 5 J& % /N B
I JE A 21 W A0 i N M1 B A Al S M2 B
B A IL-23 \IL-1ae \ TNF-« \ IL-12 \IL-1B | IL-27 Al
IL-17 55 5 PR - 1 23K, DT A2k 24 J) 4 /DN Bl i
TF R ACE A B B R A, FEHLA Al E S DPSCs-
EXOs /) miR-1246 1 ] NF-«B P65 Fl P38 A X ,
I A AL 7R T DPSCs-EXOs/CS 1R Y7 L
il T E A PR R A R R SR YT kR T
Al

ULAE R, W] 42 25 DMSCs-EXOs Y 5 532 1815 g
TR B 5E Y AR R o TR] 22 0 B 40 i 7T A B
7 LT AR I BE AL EXOs J& EXOs I7 35 19 1
HME Z — . Huang 5554 [ BT 5E % BL LPS i ib B 2
29 (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 4 il (c-Jun N-terminal kinase , JNK) {5 5
i R I A 1 kB 32 AT A ] 5 B AK (receptor
activator of nuclear factor-kB ligand, RANKL) /& 1%
$1 2Z (osteoclastogenesis inhibitory factor, OPG )t il ,
JFi 5 ROS/4M A #1819 25 1 I (extracellular reg-
ulated protein kinases , ERK ) {5 518 % fie #F 5 W5 201 g
o] M2 B4 Ak, AT S 58 DFSCs-EXOs X 5 Ji % 11
RIPRCR o X SEE SR W] JAE AH G A 7 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
TRETEARN 5 H LR E A R,
J& % £ 3 19 PDLSCs (inflammatory periodontal liga-
ment stem cells, iPDLSCs) F1 A 2P 58 40 i 1 1
973 41 L (THP-1) 24 5 A MO R s 40 i 3L 15 55 0 &
B, iPDLSCs 7E mRNA F1 £ [k ¥ B0 1T M2 B
0t 240 MO A A 5 32E— 25 73 18 iPDLSCs SR YR ) S 308 ¢
(iPDLSCs-EXOs) , & 8 iPDLSCs-EXOs 1 il M2 74 |5
I £ i 1) [7 Bsf 368 228 iPDLSCs-EX Os i 1 . 15 21 fifd )

M1 EEI AL, FIFH miRNA & H 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%, T 307 PI3Ky B 3635, £ 2 M1 Y 5 1
2 M A% Ak, R AR N BRORE Y 2R R R E .
DMSCs-EXOs 7E 48 iE fl P5 55 7 %5 05 240 i i 4 £k
77 A A R B A5 R T fig S R R - DEXOs Sk A4 248 g
KRR ; QR N HM R AE R BE X EXOs N % 97
AANTFE R 2w o BRI, AR E T B 5% A 4 9 A6 XF
DMSCs-EXOs % 8 75 g J 09 5% i 75 22 iF — 20 %
Wb, I b B G PR B SCORN IR W A0 A b Y
HBLH

2.2 FRCHENE F R T 4 R kR 8 9 Bk AR 3t T R
T 4m feL 44 A 3%

B 5 X8 T 241 M A 2 o] 4% He i 9 1 VR T rh A
B WIRA |, KB T AR Jmy &8 b 92 52 g ~F- 47 1 1
5 Th17 F Treg 41 i 22 8] L 1] 1) 2% 18 %5 D) AH
el HEARGE 44U Th17 Fl Treg 40 Ml (4 2%
5 LA K2 S0 1A Th17/Treg FEAR O TH 8 5 2 & 46 1Y
T JE RN I B W W B D) AH OGP  Dutzan 45 SR 5E
FHAAE A JA R b Th17 20 B B HE 40 i PR 23k
W, IS5 AR R IEA E . Glowacki 5521 %
BUAE R ZF &) S 480 o 0 55 Treg 1l 38 3 AR AL 2R A
F (F0 45 TNF-o IL-1 F1 TL-17 ) 4 B s Sl 1 & Ui 2>
RAHARBERI A& F K. B, I35 Th17/
Treg U AE AT GE 26T A JH 2 s 72 .

7F J& % th DMSCs-EXOs %F T 4 il #4 1k /Y 5 0
e HAERFFH e ERASMNERRREZ 0,
SCAPs-EXOs i i /2 #F DNA 2 B 3 b Tet2 (Tet
methylcytosine dioxygenase 2, Tet2) 41 5§ 1Y FoxP3 i}
P IAL, 4ERF FoxP3 1Y FRE Rk, e i Treg 521k,
PN 22 fift 2 JE R Ry #f 2 E  o #R T, SCAP-EXO |-
& Tet2 1) HARBL ] 0 A W54, 77— D R AR
HALH o AEARSD R FE AL IR T 1, 5 PDLSCs-EXO
AH b LPS-PDLSCs-EXO H miR-155-5p Y ik i &
FEAR, 5 CD4* T 4l i e85 552 S 8OL L 8 A & ik
A6 1 (SIRT1) FR A1, AT 42 4 CD4* T 4 Jifd 1)
Treg 74k, H AR DMSCs-EXOs B #% iiF B 75 52 55
PESFFA 2t BB IP R B =R 7R BR
A R LA T HG I R T, PRI , Yu 557 F Zhang
Sl 3D 5 R IR S 2D 15 R L R
P 3D K5 5% Al {2 #F DPSCs 43 EXO, [A] i 3D-DPSCs-
EXOs 7E 7 J& 9 A5 %1 vp ] D)3 i miR-1246/Nfat5 il
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P45 Th17/Treg B V- , PR 5 52 40 4 Ji) 40 210 73
P EELZEE 5 oD KRR AR H, 3D B R AT L)
=5 DPSCs-EXOs [1) 7= & , -3 5% H A 22 5 6 7 -

3B E

VE ] A% GE 97 0 1 4h 78, 38 3 0 5 15 32 S e IR
N RAGIT AT R AR L AR Z B T Tz R,
EXOs 7E R A0 FEEE F AT U MSCs, S S 88167 1T I
TH IR A M E T B N MSCs TR
J7 , EXOs B LU R AL 3 . DEXOs e 3 I kb
MSCs fIX ; @ EXOs 7 97 1l LL A 20kt e B #2 W H
MSCs 1R 777 K I AH D& 2 4 n] it , 3 H EXOs &) T
il 5% Fliz By s QEXOs 1F R g KUk, 7T L ZE o 2 Fh
S s (i g B B 6 40 0l A 45 ), EL AT D) B B B
oM O E R TR ER R E R, M
EXOs TE I R Ak KBAEAE 7= R 0y il 2% A7 1k

D5 8 0 o i 45 ) O AT A AR 26 20 s iR R Pk A . (B
PR UE B R, A A Y 43 88 R 25 52 i EXOs 1 46
BRI E A, Wik, — 2k
EXOs 73 55 . 4lifk L S £ v Ho ™= f8 i 3 B AR A Bl
T iR 2e ik 4, 5T R BT, DMSCs-EXOs i 228 i
45 G 928 AT 6 1 3 A, 1 T 2 e B4R 1 O R A R
S0 RN IE W M R E RGBSR DMSCs-EXOs 1 4
JEVR T RE ) AT R A N AT S Oz AT,
H /il DMSCs-EXOs [ 5247540 F 30 By B, X
TEF JE S e T TR RS A B A (R 1) 4 B A
4 L 53— LA B 3 S5 g A Al A 5 B B, R L
g4 T N O N R A v ARl 11 R Wy 1
JRLESU RN S AR 20 2 AR A S M A 2 5 T S
G BE RN, LA b G 58 40 M AE 8 JR R b VR AR T
20, 8 B RS A AR T B BE 5 R )
DMSCs-EXOs X33 £6 4 Jifd iy o7 4 .

R URVE W FE T 40 M U5 A4 S0 WA A 24 Jo] S 2 A1 e A
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 IL-23, [33]
IL-1a, TNF-a, IL-12, IL-1B, IL-27, and IL-17, thereby promoting the transformation of macrophages

from M1 to M2 type

DFSC-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-«B 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. DPSC: dental pulp stem cell. DFSC: dental follicle stem cell. iPDLSC: inflammatory
periodontal ligament stem cell. SCAP: apical papilla stem cell. PDLSC: periodontal ligament stem cell. NF-kB: nuclear factor kappa B; IL: interleukin;
HIF-1a: hypoxia inducible factor-1o; mTOR: mammalian target of rapamycin; TNF-a: tumor necrosis factor alpha; ROS: reactive oxygen species; ERK:

extracellular regulated protein kinases; PI3K: phosphoinositide 3 kinase; Tet2: Tet methylcytosine dioxygenase 2; FoxP3: forkhead box protein P3; Treg:

regulatory T cells
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