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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
faecalis 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.

[Key words] refractory periapical periodontitis; Enterococcus faecalis; biofilm; bacterial adhesion; dentin; influ-

encing factors; adhesion-related genes; two-component system; two-component system Fsr; two-component system

GrvRS; two-component system CroRS; two-component system WalRK; activated irrigation
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Adhesion-related virulence factors and the regulation of TCS
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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.
Y 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-
nent systems. WalK: Wal kinase. WalR: Wal regula-
tor. Fsr A/B/C/D:E. faecalis sensor regulator A/B/C/
D. CroS: Cro senser. CroR: Cro regulator. GrvS: Grv
senser. GrvR: Grv regulator
Virulence factors related to dentin
adhesion of Enterococcus faecalis and two-com-
ponent regulatory systems
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PRI 19 7 53 oK 7 T8 A Ta) 9 I R 43 125 Bk b A7 AE 22
S MR LTS A ME W RSN, A B B R T
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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 i) 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 efad [46]
Diode laser i 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 i Down-regulation of ace, esp, gelE and frsB [50]
Glucosedeprivation condition Up-regulation of ace, efaA and fsrB [51]

Serum and saliva

— Affects the expression of esp and gelE
(This varies among different clinical strains)

il Provides better adhesion conditions [52]

“ 17 indicates increased adhesion, “ | ”

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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FB PRI 2 P R A A AR Y BB R T L BT
L, T B 588 00 e Y B 3 Ak 95 1k O ik ok atk —
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