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[Abstract] Bacterial extracellular vesicles (BEVs) are nanoscale, lipid bilayer — enclosed vesicles that are actively
or passively released by bacteria. They carry diverse bioactive cargos, including proteins, nucleic acids, and lipids, and
mediate information exchange between microbial communities and hosts. Increasing evidence indicates that BEVs play
important roles in the initiation and progression of dental caries and periodontitis. In dental caries, BEVs derived from
cariogenic bacteria such as Streptococcus mutans can promote biofilm formation and maturation, enhance the acidic mi-
croenvironment, and exacerbate demineralization of dental hard tissues. In periodontitis, BEVs released by key peri-
odontal pathogens, including Porphyromonas gingivalis and Fusobacterium nucleatum, may disrupt the mucosal barrier,
trigger inflammatory responses, and activate bone resorption — related pathways, thereby promoting periodontal tissue
destruction. Owing to their detectability, BEVs in oral samples such as saliva, dental plaque, and gingival crevicular

fluid show promise as diagnostic biomarkers and also provide new therapeutic opportunities for targeted interventions.
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In addition, emerging studies suggest that oral BEVs may contribute to distal inflammatory amplification through an

“oral - systemic axis”; therefore, while focusing on the local pathogenic mechanisms of BEVs in dental caries and peri-

odontitis, this review also briefly outlines their potential systemic implications as an extension. Overall, BEVs may offer

novel mechanistic insights and translational directions to support precise prevention and management of dental caries

and periodontitis.

[Key words] bacterial extracellular vesicles;  Streptococcus mutans; — Porphyromonas gingivalis; — Fusobacterium

nucleatum; dental caries; periodontal disease; oral-systemic axis
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Figure was created with Microsoft PowerPonit 2010. BEV: bacterial extracellular vesicle; LPS: lipopolysaccharide; CPS: capsular polysaccharide;
VF: virulence factor; MO: naive macrophage; M1: classically activated macrophage; IL-10: interleukin-10
Figure 1 Bacterial extracellular vesicles regulate immune responses and promote infection via adhesion, immune evasion, and
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1 2 A A A0 9 108 e ot R R 73 3 308 R 25 R L ] 81 4 S 5 B, e i g

143 ZFAAnflERs A0 Al R
BB S R E R S B R ARSI R T
i B o 0 AR ERE ) TS AR S Y B B
» DA T 3 51 322 S 4 23 #9998 AE TROK 5 40 TR



REEBmFIA 2026598 $H34% HoM
+ 898 +  Journal of Prevention and Treatment for Stomatological Diseases, Sept. 2026,Vol.34 No.9 https://www.kqjbfz.com

2 PHEBIEEEOREDMESFH“RK
ER”
2.1 %

W o 1 K A e e 5 A W R L i A i B 2R
R TR M AR 7 s B B DDA OG0 WF R i, 78
S B R AT A T8 4 Y T A Sy B A G AT AL
JU”, H T 0 2 W e B Tl (Gl RE S i AR AN
VP A RO OO B R T I A R T Y
it #k DNA (extracellular DNA , eDNA ) &2 /N RNA 55 4%
P2 J3 43 AT 388 i RS0 R BT i v T R0 A B0 B T
SR AL HIORE R, AT AR 2F 1R M T B 5 4 4R O g
Ji Ayt

TE BAE B AR 2 T, 78 S B R T ke U5 48 3 v
A Y Gef i) M RE R S A AR W) R DO 2
ol R o M 00 B0 5 A B A A L O A 1 2
P RB IR , #E— 2D 38 T A W B R T S BB
55 R] B, B 3 A A% R AR Ry 1 T R E TR AE 5, )
e 5P A Y RE TS AL SRS i+, i — 2
JHC R A 9 B 5 v ) B 2 2R A A, n e AR 464 40 o

W 02 3E 22 TR o 86 B 5 R o 3k Ab | 8 S g K
AT BS 49 300 T8 ] A Oy 4 B8 /1 DNA 1 2 30k, e 4
Y BRI IE 45 F 4L “ DNA £F4E R 257 51 5 Gif A
T 118 7] SR B T B ) 1 50 2 T 286 B R R AR E
6N IBE Y R AR U R €C¥ (e S VA = A 1
Fik 3% JFC 8 9 WY K 2y L I A L 8 P /N AR D6 2 g I
PEBEACE R B AR (R R A2 58 7R, 42 7 i 4
HLBR “HR I S1 TR AT R i 48 RE i R 2 5 1 i 1) TR
L S JR 1 XU, P15

(EAF T R A, 8 SRR BRI R iy = 2k 5
N AW 32 IR pH 5 REECIR A R R o IR TR 4%
7 3 3 %) B A PR B K G AH OC TG 1 AT & AR B
ARSI B R AH G B /A% R 0 A AT
5 R AR AIS pH PR B v 93 1 P O 4 R B0 10
P PR, IR A R — A — BUil R AL
F1 B2 Ok F G2 i A HOGHE 23 1, A BT SRS o 3
i 20 200 7 168 s v B BOR HIL R L I Sy BE ) A A
WA
22 FRA

K B KA RN R — A S 2 i R
R T RS PN A TR R 7 04 % R R Ry 3 A 958 N 1Y
S 2 TR B TR 2 R AR TR AR Y
S B R A& RE B IR o BE A P Y L 4
RT3 3ok 3 0 5 B TR BB 0 L B o 4
IRy FR 2H 2 B4 3 A e 4 S bt B 2 5

A, 51 % 2F R B WM . A BT Y IR R Y TR X —
o RS A 5 e A BAE A fig
g #iy Z R EOw N 1 I A T R 2,

ZF i i Wb P i TR 471 A0 I 3 o 4 A AR e A
O IR 7, 240 T R A I 2 I ) R T
PN IR b Bz T W, 164 o Jmy 3595 2H 0 i) 3 25 1 L “hy 35
95 DRI L At 5 RE PR TR A AN 3 SR . A,
ZF i I bl B i T 471 R v A Y B Tl R
fiff S FR 0 I OGB4 DT G L A 98 T B AL
il o F T 2 R bk S T A IS 3 v ) IR BT A 7
ShAe b RE AT AR GE AR BT A g5 A 0y S A, AT AR
I A VAT A 9 T 55 B R B R B 8 0 A e
FRU UL R A% T8 AN TR A 52 AR TR e e S R 3k
G P58 SN 1R I 55 A BT S AR S R L L B T ) S A
S i S ks (L R AE I SR 2 S e
AR FRZE . HE— 20t A ok B TR A1 5%
U3 3 Toll £ 52 44 -4 (Toll-like receptor 4, TLR4 )/
MyD88/NF-«B 45 {5 5 i B % 5 48 i I 19 %
JBC A1 S B A0 B A R AL O R R A O R 1
S A S OF R Wl ] R ) R o3
A, HE Bl AR G A, doe 20 5 JEL 9 1 kA
.

HLAZ R T TR AP IR 3% 965 3 5 1 R B R K
TR R O PR R R O R Y K
WAER . ENIAMUEIE T B AT S F kN L
20w DL S fd R AE e 45, B0k T 2T
Folr £ Wy S ) 45 vy 55 R PR, kg JR e AR 1 A=
KARME 7T A FIAEE . AL, BAX R AT TSP IR 3 i
FE 1% 38 1o 175 S A AR 0 A AR T AR fo 240 T I R
Fk bR BRpE ) AR B HH X — it
B 7 HAZ A T A R BRI I P T g
R L i — R T A e
JE T, ELAZ AR AT T A/ I3 Y3 b B Toll FF 52 44T
V55 NF-wB i %, oF — 25 B0 R M/ IMA, B ik 1 48
i 4 2 -1B (interleukin-18 , TL-18 ) Z# 4 & K 701,
5 BRI AR ARE SRR, DA 4 Bl 2F A 2 R
AOBCIR o LA, AM IS 4 30 3 nT B 18 i ok 2 S e
LTI RE , T E 0 e B R g
Jr PR IR ) R M L X SRR AT B AL AR AT R AE
OF JE o Bk B by T A A (RS T
PRI I A R e o

b 3R T 2 AR R A T A A, 2 A 5 R O Y HE
b B 2 (G P TR IR A3 o A B i 2 S AR . B
T, Pl B AR R TR A I R Y v HE A Al i R



AfEgmlE 20265698 $£34% $9M
Journal of Prevention and Treatment for Stomatological Diseases, Sept. 2026,Vol.34 No.9 https://www.kqjbfz.com + 899 -

SERUN T, T B B I e S R, B LR AE
Jr T AR B A5 v S B e Ak O i — 2D A S g
211 T | O AR - N AN R R
H SR S RN A Y S A R b o
TR AEAE 25 5, BE B 155 3 AN () 9 5 =X IR 31 32 44K g
VAN R e = et I O R P VAN NI SRR RN
R RAE AL SR e R R,
B (0 QI RN RO SN (T RSR S IPNE 3
N 5 B e B VAR G o
23 #mus. T B A R 8 5 R
FE T ik b, e 5 R e B0 T
A 1 M A 2 9 B0 AL T L [R] 5 FE T AR DA N
K AE IS S B I B k6 S VR T A L (B

P78 5 4L UGG Jmy b S B0 R I 22 5 L & L Gf
55 eDNA g0, 38 i F 109 86 B 5 3 R 0% B
TE B 5 I, A1 HE R BR T AR S Rl S
AR SR A 5 05 W LT R B S AR S
o FE R X, — TR R i S AN b
FL 00 I B R A U A SR 28, 5) — T
i JE A g e R K Bh B S )
Wt BV A A b, AR SR R B A I A T T AR
“oE R SRR AR AR &R 5 R
117 2 R P Bk P 6 7 R LA M AT BT 1140 4/ OB 06 76 ) 72
MR TORE IR, A B 4 T A i R R AR RS
fi(F 1),

]l F O AR TR 2 M D U B S B AR

Table 1  Heterogeneity of bacterial extracellular vesicle derived from major oral pathogens

Typical size

Pathogen type Main membrane features Representative cargo Functional characteristics
range*
Streptococcus mutans ~ Mostly 50 - Derived from the cytoplasmic mem-  Glucosyltransferases, extra- Enhance initial adhesion and biofilm
membrane vesicles 250 nm*”! brane; peptidoglycan fragments and ~ cellular DNA, small RNAs, matrix density; create diffusion barriers

surface proteins can be present;

vesicle production increases under

acidic stress'””!

Porphyromonas gingi- ~ Mostly 50 - Formed by outer-membrane budding;
valis outer membrane 300 nm"®! enriched in lipid A and numerous
vesicles outer-membrane proteins*°!
Fusobacterium nuclea-  Mostly 50 - Contain lipopolysaccharide, outer-
tum outer membrane 200 nm'"?! membrane proteins, and characteris-
vesicles tic adhesins binding to host and bac-

terial receptors!*’!

acid-tolerance - related that trap acids; act as “structural and

proteins?’ 2 metabolic amplifiers” of caries progres-
sionl2 311

Gingipains, hemaggluti- Disrupt epithelial barriers, reprogram

nins, adhesins, lipid A, immune responses, promote osteoclasto-

small RNAs** genesis and bone loss; contribute to sys-
temic diseases®°! (Alzheimer s, ath-
erosclerosis, metabolic disorders)

Adhesins, proteases, pro- Promote multispecies biofilms, increase

inflammatory factors, small  epithelial permeability, activate NF-k B/

RNAs, tryptophan- inflammasome pathways!'***; linked to

[48-49]

metabolism enzymes periodontitis and colorectal-cancer-

associated dysbiosis'” 1*!

* Size ranges are approximate and vary with isolation and measurement methods
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7 U eS8, mT BB 7E 43 B o B b 55 1k R A Bk
7 THIRH A 2 00 1) LU A9 i S5 24 W 43 5 ) B T g i)
R AR AR X)L A, 7 R R I R
I 70 YR B BRE A A R A B AR B th £ AR R T
B MBEEAR A UE— 2D 52 ) 2L 1) fig 50 IE 1Y 45
L R FE R AR RIS E] BEVs 4% .0 B 43 F
A= W S RN 22 S I N 3 43 I R U R A Ak
BEAR I 22 5 AT BE TR AN R 45 7 it Y, IR 45
G 2 M RAIET B (AN B8 bp A B R D) #4758
SR I H AR R XA Y S5 e Tk
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4.5 P ARFF R R ST BEVs BF 89 B

AR A AN B A (exosomes ) BIF ST TR & &,
TE 20 27 i A L B8 30 43 At 5 AR AL B0 T TR
TN BRI ARAR R ATy BEVs YA 57 4 it H
BT Y . T B A Y, S I A E R
F2% 4t oFe U5 7 B A/ 2 0 S A, 3 B Gk 22 AR
(multivesicular bodies , MVBs ) i 72 1B 1% BE il 5 1M
BEVs Sy 41 b B8 0 i Sb 436, HAE W) & AR HL 5
JIEE o Y5 R B B I S, o RS S AR e R
IR TR S MR E AR, SR
5 BEVs 7E RSB M FAFTE RG22 57, T S m LA
X5 o AMIAA IR FLAZ A i 28 2 Bt IR iR A2 8 )OF
FETCRY SR R, IR 5 N S W 3 e rE A
JHL R YR RRAE 5 10T BEVs Fh 20 R RS, e ROk U 5
T UL 25 i o o 45 A A R A8 B B 55 i
AR 4K, IR 5 B G ] A T AR IR MR S R 2 A
DR 73 73 , PRI 7 5 2R A 2 AR 15 98 e 0s J7
T AEAE A B A AR, HoZ k5 S ik
AR Y G gt AN IR R . 5 e [R EE
RS 8 5 2 48 b IR A [A] - A1 i 4 45k 2
SEARXT A bR AR ) 5 S EHE SR T BEVs H AT
= 85 TE Aol O R A G arE aiAe 5
Jo g 4 1 O 45 G TR PR IR A A AR A R B TR
DL R e TS e RS AT 20 6 FI W . TRLIG, Ah b A4
WFFE 7 6 X BEV's HAT 51 245 % 78 S, 5N 16 W] 1
W30 A5 A OO bR M R T R R
W HEEM .

S UMABIE ST I A7 T i X BEVs BF 58 B A JE R
B Ho— il R A A E R B T
H I RNA KR BTSE N W R GEAE B L IR
A T AL A S 5 O A R OC T U BEVs (194 A 2
YEE” , IF 580w R A e O HE T B A BT,
AT 4 FHBL R W 58 0 DR BE 5 AT g ek . H
By i =X B R S R o T T A B T
T B8 00 5 J5T 1 O S B SRS A ) A AT XN i
R BEVs IF 5% v A [] T /A [ A AR ZS A [) 34
ST S v R S o ) I Sy O, A A
TREeEBEZHrEYWREESEEE. H
=AM S A TR A s ) g I e 8 3% T
F14) R 10010 (e T8 A L R e T A A A %
RORIFNHESR) © B B, v M IR FE 1 L
FooE Pk BT O SR B 1] BB ) 1Y BEVs 2858 3% R
g A Ik ny i S g A EL W] ) B BEVs 1Y 92
PES 2R VETA IR R T .

SR A BETE SR KA S S R 2
ST O 0 N/ N 2 2 5 R R A e e W ]
PEREHL T A BEVs B 5%, 43 B2 7E ML) ) B 12 Wi b
B R B AR R F 45 5 1 1 — 25 5 T2 4
P98 TR BE 5 A ) o

K B 5% N7 2 — 25 T [ 8 9 5 A s A I R
[7) R0 N7 AT B A R BE T — I, TR AR AR
£ B it N AW S SR — B0 T R R
AT A B AR o S B AR HE 4R, LAk K [R5 TR)
e 25 F ok 0 R G IR AT 5 O3 — O T, 7 TR A
BEVs (N 254 5 1 52 W L 50 /i AR 45 R
17 PR BGE , H7E AR v I Ji i RS M 96 E , DA 4
3] BEVs AH 12 Wi 43 2 5 88 ) 190 3R B 78 1 R R
T 5 RV |l

5 REERE

AR SR A g 5 2 R R S 10 DL e R
U PP , Z38 T 32 1 EE B0 T Ok IR BEVs 1Y 4H
JSCRFIE B FEAE A W IR S R M 5 A 47 e R
SiE R 5 B A A 45 BRRY b B OCBEAE T L OF A
457 HAe DEREAR 2 W2y 2 1 T3S TR
16 3K 7 A T AL . BT FELSE TR U
BEVs 8 7 b5 AL % € 5 LT B0 IR 1R & L B A 2
W 55 28 R AR HE B 16 B BB B4 BSR4 5 1
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