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[ Abstract] Enterococcus faecalis is the main pathogen causing refractory apical periodontitis (RAP). This bacterium
can tolerate harsh environments and trigger periapical immune inflammatory responses that result in persistent infection
inside and outside the root canal. Adhesion to the dentin wall of root canals and the subsequent formation of biofilms
significantly enhances the drug resistance and anti-erosion ability of Enterococcus faecalis, which is the key factor medi-
ating its pathogenesis. The adhesion of Enterococcus faecalis to dentin involves non-specific adhesion and specific adhe-

sion, and the latter is mediated by adhesion-related virulence factors, mainly including the adhesin of collagen from en-
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terococci (Ace), extracellular surface protein (Esp), gelatinase (GelE), serine protease (SprE), endocarditis and biofilm
associated pilus (Ebp) and aggregation substance (AS), which is regulated by multiple two-component systems. The two-
component system Fsr can promote the expression of gelE and sprE when the cell population density increases. GelE
can further reduce Ace, while the two-component system GrvRS directly downregulates ace expression in response to the
serum environment. The two-component systems CroRS and WalRK may also promote and inhibit the expression of vari-
ous virulence factors, including ace and gelE, thus affecting the adhesion of Enterococcus faecalis. In addition, the mech-

anochemical preparation and the internal environment of the root canal can also influence the adhesion of Enterococcus

Jaecalis to dentin. Avoiding the introduction of Enterococcus faecalis and using adhesion-interfering medications during

root canal treatment can effectively prevent the adhesion of Enterococcus faecalis, and a variety of activated irrigation
protocols can also be effective at increasing the clearance of Enterococcus faecalis from the root canal. The design of ra-
tional drugs targeting key factors involved in and regulators of the adhesion of Enterococcus faecalis to dentin is expected
to provide new ideas and strategies for root canal infection control. The present paper reviews the adhesion of Enterococ-
cus faecalis to dentin and its influencing factors.
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“@ 7 refers to promotion, “©®” refers to inhibition,
the solid arrow refers to the explicit regulation, and
the dashed arrow refers to the possible regulation.
! Ace: adhesin of collagen from enterococci. Esp: extra-
! cellular surface protein. GelE: gelatinase. SprE: ser-
\\\} ine prtease. Ebp: endocarditis and biofilm associated

pilus. AS: aggregation substance. TCS: two - compo-
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i @ o 0 @ . Figure 1  Virulence factors related to dentin
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Adhesion-related virulence factors and the regulation of TCS
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P T 2% B W W2 1K B8 PNPase 1) 58 48 28 )l 3K 14
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Rk = WA BRE PR R T BRI
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P F A AE 0T LIS CroRS AU R4t , I 1l AE
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AR B, DTG 32— 20 R EUR AR HT X 285 ) 1
i BE A% HEAT K P B PR FE A%, S 9 b D 0 b 1) B 4%
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e 3 M7 3K TR ) R B o X S50 B9 e BRAR A B Tt
B I R 2 A J5T 3 TETREL R 2 B /0, 3 T Al A B
2 TH] BAE A TR e S B 22, R T IS L AR A N I
PR L 7R A = T35 R B AR ke B ol ) B0 1

25 T 5 R 06 S0 MR A DN BE LR BE T Y
Lo R0 Ly, 1 — 20 280 2 g R R F A T B
o &)@ T34 57 EDTA FIUR &R 8 Ak 9% 43 B
T B PV fife JUC D 28 A, DTG 23 ) 48 o 00 8 AL 26 1
SR AR 2F A J5T 14 66 FRF , VAL 168 B2 55 Al Tartari 504y
WEFE SR T EiRE5 e . FAT, WCE IR BAEC(L EDTA
VR B by 28 W i ok 7 SR Iz AT (LR A
P 1L AT RE 3 B2 AR Jo A WL 235 4 U A0 2 A o A
iy SRR B2 AR AR, A WESE % B RUAE T 3R (proantho-
cyanidin, PA ) + ¥ B 3L 52 W/ JC 72 TE 5 TR 5 ( car-
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CMC/ACP) 44K L 5 1) ™ A6 DR IR B4 B R P 9 25
YEHIAL 3 vl LAY S5 4 AR i A BL- JC AL 25 1 5¢ 5
PES T H BTS2 0 S A P R
BT SRR A5 5 A T R ) B W T ARk R T AT
1 fE % i e AR A ol VR BN S AR B R e
b, Titato 5 BIF 5E & B EDTA 15 78 FL 45 8 B AL 7]
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UYL Syt

Ak, 2538 DI RE I~ SR HOE IS L 28
REZ 5 R M A Y BT L B gelE . ace . esp
WA IR T 20 R A 22 5 B, DT AR
TEWEKE 5 AR PUEDEsh T
A BRI A K 3R B9 AR, A4S AR A N 40
B R AR, (ERAD S 1R T AR B T U A A R
FHCHE ) B 7 3Rk, GG BE AN R for T
Ui 2 BfE AR OC 75 1 7 gel B {H 02 2556 3 197 3k
YT 25 Bk AR S AR W R, 5 6 BEE AR DG 1 35

JIHF efaA \esp .gelE I fsr F2 35 K- H) b 35 AR
22 ARFNIRRE

Ran 55150 I 2% Ji BK A LR Bk S LR B T
XF 2F A /N I 4= 28 BE ) R BR AR, 5 R B A5G
13 K ace \esp . gelE . frsB i 3% T ¥, {H7EHB 53 M
LAV AT 7T BE 1 50 2 B0 25 B 3 L SR 5
FREAG . BB L B, RS R AR R R B h
o3 B B 2 T BK T T bR TR A A B = SR E T ace
efaA N fsrB K& [ 5 s K SF- 381 1 9] 1T el 1 esp %
14 5 5% 7K - TE AN 6] 19 I IR 43 25 Bk b A7 7E 22
S50 o TTE IV M PR 458 R, P AR B B A B T
WA BRI . W 2l BRI F A 5 R R
HPERIA R B HALH S5 WK 1,

3 EMKERMT I AR RLETE
W7 A B, R IR T R WUR S N 2 B S
8 W R TN M R R A A TR AR AR O R R R
PR IR 1) A U5 RT R S MR Y P 2 R AT
FHAG B B b 1 ok bt S 5 | A 2R BR T o e b, T4

R LRI R R AR R B ) S0 A 3R AL

Table 1  External factors influencing the adhesion of Enterococcus faecalis to dentin and the underlying mechanisms

Influencing factor

Adhesion Mechanism Reference

Mechanical preparation Ni-Ti instrument

1 Reduces roughness and increases [39]

the contact angle

Chemical preparation ~ NaClO ! Dissolves collagen [40]
EDTA 1 Exposes collagen [41]
Proanthocyanidin (PA)+carboxymethyl chitosan/amorphous — Maintains the original microstructure [42]
calcium phosphate (CMC/ACP) nanocomplexes of dentin
NaClO + etidronate — Avoids excessive collagen dissolution and [43]
erosion of dentin
EDTA + Benzalkonium chloride ! Interferes in the adhesion of E. faecalis to [44]
dentin
CHX/H,0, — Up-regulation of esp and AS [45]
Antimicrobial peptide GH12 ] Down-regulation of esp, gelE and efaA [46]
Diode laser ! Down-regulation of ace, esp and gelE [47]
Antimicrobial photodynamic inactivation — Plankton: up-regulation of gelE and fsr [48][49]
Biofilm: down-regulation of esp, gelE,
efaA and fsr
Root canal environment Alkaline and energy-starvation condition ! Down-regulation of ace, esp, gelE and frsB [50]
Glucosedeprivation condition Up-regulation of ace, efaA and fsrB [51]
— Affects the expression of esp and gelE
(This varies among different clinical strains)
Serum and saliva 1 Provides better adhesion conditions [52]

“ 1" indicates increased adhesion, “ | 7 indicates decreased adhesion,“—

indicates that this research has not been conducted. Ni-Ti: nickel-titanium.

NaClO: sodium hypochlorite. EDTA: ethylenediamine tetraacetic acid. CHX: chlorhexidine. esp: extracellular surface protein. AS: aggregation substance.

gelE: gelatinase. efaA: endocardial fibroelastosis-associated antigen A. ace: adhesin of collagen from enterococci. fsr: E. faecalis sensor regulator. fsrB:

E. faecalis sensor regulator B
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ZE R TR A 5 266 B A R O e Y mT L L B AR
BN BRI I R, Qi SO iR EDTA 524
FLA B IO PO IR GH12 5 1T 8 J1] A7 B8 s 45 b
REXT A A T 2 T AT OPE TS 25 1 BR D A
1T R Eh

M AR R G0 0 & 2t B3 76 MR A e A
SCHRAE DA AR AR 43 I8 5 45 4 v (%) 26 1 R TR A1 11 X
DAIES V5 B, 2% I Bk B 38 BE 05 8 1 T 4 AR /N
PR, A ST & B, BRIARYT RO AR il H AR AE T
7 25 )5 AR A AT RE A A H 2 R BRI BT LA
BRI A BIL AR A 27 T 5 R X S B AR A P JER e A 1Y)
5 B o R B AR Uk O vk R LLGE A T AL b vk
W0 wp Pk I A T 3 — 20 T R A A A R
TR A PR . 5T R BT, /0 A5 Ui ]
LA T b 5 8V R B 4 TS 30 38 i K T Y
“URBEVE TS0 A B Rl {5 Ok SR A T
Pk BE A P I O B8 O 3l 1 B IR
R 1 175 Y AL R B A A b D/ AR A D A B A A
I PR BT 28 1) 3801 3% k35 DR B R T LAGE 3 25 1 Y
SR o o 0 A e U AAR IS Bl R B 0 whe R S
A J5T PN RE (R 5 U g 2 R AR A PN 4 T A BR
RV BRI, B R AT — B e Oy 2k BE 9 R 4
I B AR T 2 fi Bk TR JR Y AR TR PN 1 288 i 3K TR S
FeBR AR B 28 i Bk TR R MRS PN G B A e A T
DL, 5 B 588 04 o e T B I Ak 9 Y O ok ik —
A R MR A 9 2 3K T 1) B B AR

4 BERRE

gi BTk, 2E M BT 5 R AR OC By 3 0 K
TEAT 7 H 5 28 A B 3 B FRR 4 R g b e 4 T
YERT, & X 3R BN I G B 24 ) 5 92 1 X AR
ERAERAEEZEYL, MEHWCEAARE S
2 K TR ZG AR G 1Y 3 ) I H A R AR
TR A o G B e B AR TS B BIL R AN T R
LA AE b 2F A T B 28 i BR B B A OG5
PR 52 16 ) o F- DL A R i — 2D 9 . AR A
() 5 W25 0 DL AR 45T 75 285 1 DO e R 7710 45 X
25 17 3K TR 2R B 1% 572 e R DG B SRR AT A A Il DR 2k
FARMEE NS % B W R 245800
245 W) RN DR BT 45 AR ke 781 B R Ak BRAR A8 1 2% i Bk P
M ZERE . B Ah PR IR T 2R IBURR 2 AR A iR R
JAR A b o B S AR R 2 T BRI R T
PR, T 2 DA I DR TR R A DR AR B A Bz B TR 4
SR AU S 2 B E R R AR AT

PR TE AR IR B 5 B0 0 LR A
ME R M AR R FA A Y I IR B 6 B AR 1 B 5
B
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