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Abstract

BACKGROUND: Refractory periapical periodontitis, with Enterococcus faecalis as a dominant bacterium, is a disease that continues with persistent inflammation
and bone resorption after repeated and multiple root canal treatments. Multiple experiments have shown that forkhead box protein 3 (Foxp3) is involved in
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various inflammatory diseases by influencing the body’s autoimmune response.

OBIJECTIVE: To observe the expression of Foxp3 in refractory periapical periodontitis in Enterococcus faecalis-infected rats.

METHODS: Thirty-three Sprague-Dawley rats at the age of 6 weeks were selected as experimental objects, 32 of which were randomly selected and divided into
control and experimental groups. These 32 rats were submitted to open pulp in the central fossa of bilateral mandibular first molars under painless conditions.
PBS pellets and Enterococcus faecalis suspension pellets were placed into the pulp in the control and experimental groups, respectively, followed by light curing
after placing flowing resin in the bilateral inner medullary cavities. At 1, 2, 3, 4 weeks after regular water and food feeding in room temperature, four rats from
each group were randomly selected for euthanasia. Rats aged O week without dental pulp opening were used as blank controls. Hematoxylin-eosin staining was
to observe the inflammatory histopathological changes in the experimental periapical sites of rats. RT-PCR and immunohistochemical detection were used to
detect the expression of Foxp3 in the periapical tissue.

RESULTS AND CONCLUSION: Hematoxylin-eosin staining results showed that: the animal models of periapical periodontitis were successfully established in

the control and experimental groups and obvious inflammatory cell infiltration was seen in the periapical tissue. The results of RT-PCR showed that the mRNA
expression level of Foxp3 in the periapical tissue in the control group rose in a stepwise manner from 1 to 4 weeks, while the mRNA expression level of Foxp3 in
the periapical tissue in the experimental group decreased after peaking at 3 weeks (P < 0.05). Immunohistochemical results showed that the Foxp3-positive cell
expression in the control group increased with time, while that in the experimental group decreased at the 4™ week after the expression peaked at the 3" week,
which was consistent with the results of RT-PCR (P < 0.05). To conclude, Foxp3 is involved in the progression of chronic and refractory periapical periodontitis.
In the chronic phase of inflammation, the expression of Foxp3 is significantly decreased in refractory periapical periodontitis, suggesting that it may have some

relationship with Enterococcus faecalis.
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1 #ElF01753% Materials and methods

1.1 &t FENLERBIYEEEE, 34T One-way ANOVA Fl1Z &
LA LSD-t f k.

1.2 B Z3GE SEGT 2020-2021 AEAE L ARG M H AU
2B SRS SE R

1.3 ##t

1.3.1 LIz 32 2 6 JE R SD KER, SPF &%, ki
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132 FESRBAAHE FEHEBITRFIN (KA
HL11-M4, H[E); HEAGEIREEIRA ( RETT RSt A
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Y62 1 BB A 2 45 (OLYMPUS BX-51, [ 4 ); Real Time PCR
4% (LIGHTCYCLER96, Fii+); A4k (uHL (SLEE MPS-P, fE[H )
HER A (T T TR A BR 9T A R NP-P2, H1H ).

133 FZSI0 R SBR[ B AR W B B AR AE D
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reagent Kit with gDNA Eraser(TakaRa No.RRO47A, H 4 ); TB
Green™ Premix Ex Tag™ II (TakaRa No.RR820A, H#A); H:=
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Trizol & RNA filifiaii) & (4 LA4) UNIQ-10, [ ).
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2, 3, 4JHH

MYBERSETF 32 A SD KRR, HEHLHORE FA. HEdl, I o EARIF
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1.43  FRARKE - QMR AL = iR T A
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TUEBI YT . ATC CGT TCA CAC CGA CCT TC. RS ZkfFH:
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AL, 20 pb JOBEAR R, I kot £ 20 BT R E S B R
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1.5 EBIRIEAR OKRIRREHLUR X Foxp3 BH P4
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L

1.6 St F ot g R CHHE A xes FoR, @I
Graphpad Prism 8.0 #4347 70477, [FIHTi2 A One-way ANOVA
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P <0.05 NZEFA S EME L. XGOS M E
B EM G R KA .

2 258 Results

21 FHHMEEMIN 32 AKRS N2, SHPANGIT
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BOEHIIME, W% Foxp3 HFRIAZAL, WE 3.

Chinese Journal of Tissue Engineering Research | Vol 27 | No.8 | March 2023 | 1189



PEBLTEAR

www.CITER.com  Chinese Journal of Tissue Engineering Research

FAH - G
nn%mm&tm—lz:
G

R AT
-~ Iy R
T - WORH L, A P
H )\ JE
égisﬂjw%ﬁilu —> FIEH47 RT-PCR

El1 | KRB RE

Figure 1 | Preparation of raw materials from rats
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Figure 2 | Hematoxylin-eosin staining of rat periapical tissues in control
and experimental groups (scale bar=200 um)
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Figure 3 | Immunohistochemical detection of the expression of Foxp3 in
the rat periapical tissue (scale bar=20 um)
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Figure 4 | Statistical analysis results of immunohistochemical staining of
Foxp3 in control and experimental groups
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Figure 5 | Statistical analysis results of the relative Foxp3 mRNA
expression in control and experimental groups
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L3 45 ] 6] P 2 44 45 208 AH 2R 04 A 5 B IR LA B 52 S5 iR
JrRIATs 4 R, AT WARSRE H IR e, BRI T RE
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FIEARTEE.

4 SE @k References

(1] BB, Tk, XILLHE . AR AR A 28 1093 8] e By i 3k ()],
AR PE 2%k ,2010,45(1):52-57.

[2] ZHANG C, DU J, PENG Z. Correlation between Enterococcus faecalis and
Persistent Intraradicular Infection Compared with Primary Intraradicular
Infection: A Systematic Review. J Endod. 2015;41(8):1207-1213.

[3] PERSOON IF, OZOK AR. Definitions and Epidemiology of Endodontic
Infections. Curr Oral Health Rep. 2017;4(4):278-285.

(4] SRS, B, —Hl, 55 FOXP3~+ M T 41 S5 R Gt &
FEZI ). A dn Rl ,2020,32(9):879-889

(5] FF, TR - RIS, B T4, &5 FOXP3~+ TTVE T 4l 5 A
ARG VEER ). ARl ,2020,32(11):1159-1175.

[6]  SAKAGUCHI S, MIKAMI N, WING JB, et al. Regulatory T Cells and Human
Disease. Annu Rev Immunol. 2020;38:541-566.

(71 PRI, A%, s, 55 . A RNA I 46 85 N FOXP3+ 54k T
AR E 1 1 S B R 4% 231 (T3 )], Science Bulletin. 2020,65(13):
1114-1124.

(8] YOSHIDA H, JONTELL M, SUNDQVIST G, et al. Effect of sonicated
material from Fusobacterium nucleatum on the functional capacity
of accessory cells derived from dental pulp. Oral Microbiol Immunol.
1995;10(4):208-212.

9] SR3ChE, M, g, S5 IR T AN AR I O R A ) B

TR D] b E BERL R 22441 ,2021,50(2):135-140.

FEM, BRBEVE , i, &8RRG AL CD4~+CD25~+

PATIE T 4 D). PRS2 5 R7T 44 & ,2019,33(5):487-490.

BTN, K2R, ST, S SCRPERE SR 3 A iR 10

FEAB RIS S H AP I RIE BT AL ). S MR R 222k & 2019,

35(5):653-657.

YANG S, ZHU L, XIAO L, et al. Imbalance of interleukin-17+ T-cell and

Foxp3+ regulatory T-cell dynamics in rat periapical lesions. J Endod.

2014;40(1):56-62.

WANG L, JIN H, AO X, et al. JAK2-STAT3 signaling pathway is involved

in rat periapical lesions induced by Enterococcus faecalis. Oral Dis.

2019;25(7):1769-1779.

STUART CH, SCHWARTZ SA, BEESON TJ, et al. Enterococcus faecalis:

its role in root canal treatment failure and current concepts in

retreatment. J Endod. 2006;32(2):93-98.

ZHANG C, DU J, PENG Z. Correlation between Enterococcus faecalis and

Persistent Intraradicular Infection Compared with Primary Intraradicular

Infection: A Systematic Review. J Endod. 2015;41(8):1207-1213.

BET, EMTE, TREW . BRI R B AR BOm L] K

PUBERIT BT FEt e ). PUEER GG ,2019,27(8):535-540.

GOMES BPFA, HERRERA DR. Etiologic role of root canal infection in

apical periodontitis and its relationship with clinical symptomatology.

Braz Oral Res. 2018;32(suppl 1):e69.

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

1192 | PEARTIZAR | 582746 | 5888 | 2023538

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

KINANE DF, LAPPIN DF, KOULOURI O, et al. Humoral immune responses
in periodontal disease may have mucosal and systemic immune
features. Clin Exp Immunol. 1999;115(3):534-541.

GRAVES DT, OATES T, GARLET GP. Review of osteoimmunology and the
host response in endodontic and periodontal lesions. J Oral Microbiol.
2011;3:10.3402/jom.v3i0.5304.

COLIC M, GAZIVODA D, VUCEVIC D,et al. Proinflammatory and
immunoregulatory mechanisms in periapical lesions. Mol Immunol.
2009;47(1):101-113.

DE CARVALHO FRAGA CA, ALVES LR, DE SOUSA AA, et al. Th1 and
Th2-like protein balance in human inflammatory radicular cysts and
periapical granulomas. J Endod. 2013;39(4):453-455.

NAUFEL AO, AGUIAR MCF, MADEIRA FM, et al. Treg and Th17 cells in
inflammatory periapical disease: a systematic review. Braz Oral Res.
2017;31:e103.

HORI'S, NOMURA T, SAKAGUCHI S. Pillars Article: Control of Regulatory
T Cell Development by the Transcription Factor Foxp3. Science. 2003;
299:1057-1061.

VAN DER VEEKEN J, GLASNER A, ZHONG Y, et al. The Transcription
Factor Foxp3 Shapes Regulatory T Cell Identity by Tuning the Activity of
trans-Acting Intermediaries. Immunity. 2020;53(5):971-984.e5.

JAJK . Th17 A AN Treg 4 A 7E X B SRS 28 J8) 98 4 A AL 4 b vy 4
AN L[] AR A ALERER % 2018,

STADHOUDERS R, LUBBERTS E, HENDRIKS RW. A cellular and molecular
view of T helper 17 cell plasticity in autoimmunity. J Autoimmun. 2018;
87:1-15.

LI'Y, WEI C, XU H, et al. The Immunoregulation of Th17 in Host against
Intracellular Bacterial Infection. Mediators Inflamm. 2018;2018:
6587296.

ROWE JH, ERTELT JM, WAY SS. Foxp3(+) regulatory T cells, immune
stimulation and host defence against infection. Immunology. 2012;
136(1):1-10.

PENG G, GUO Z, KINIWAYY, et al. Toll-like receptor 8-mediated reversal
of CD4+ regulatory T cell function. Science. 2005;309(5739):1380-1384.
FORWARD NA, FURLONG SJ, YANG Y, et al. Signaling through TLR7
enhances the immunosuppressive activity of murine CD4+CD25+ T
regulatory cells. J Leukoc Biol. 2010;87(1):117-125.

AR, B SRR A IR B EERR SO Toll #3244 2 Jih iR
Ji: BxPC-3 ZUMLA IS . RFBANTRE D] p R ARG AR
2021,28(5):477-481.

JOHANNS TM, ERTELT JM, ROWE JH, et al. Regulatory T cell suppressive
potency dictates the balance between bacterial proliferation and
clearance during persistent Salmonella infection. PLoS Pathog. 2010;
6(8):21001043.

FUERAR , BURA, 2EEPAE , 45 . SMERTATE O K4 5 RGO
PP B0 AR DGR 3 SRLHI R Fe itk e 0], PR DR &
2020,47(2):225-234.

WAk, AE KA & R JPIRE TR ERE R IR LIRS S S
JEV AN ARE SR BRI FT D). s s R 22 2, 2021,56(4):335-341.
DONG M, JIN H, ZUO M, et al. The potential effect of Bruton’s tyrosine
kinase in refractory periapical periodontitis. Biomed Pharmacother.
2019;112:108710.

( FATgwtR: WzH, ZN, ZJP)



