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Delayed intentional replantation: new approach for periodontal regeneration and
establishment of theoretical background

"Research Institute for Periodontal Regeneration, Department of Periodontology, College of Dentistry, Yonsei University,
Department of Conservative Dentistry, College of Dentistry, Yonsei University,
“Department of Dentistry, School of Medicine, Inha University, Incheon, Korea
You-Kyoung Kim"*, Dong-Ju Kim"*, Eun-Ung Lee", Hyun-Chang Lim", Jung-Seok Lee",
Ui-Won Jung”, Jeong-Ho Yun” , Eui-Seong Kim?, Seong-Jong Lee”, Seong-Ho Choi”

Purpose: Delayed intentional replantation was introduced as a new alternative to treat the teeth with severe periodontal
involvement. The purpose of this study was to elucidate the possibility of delayed intentional replantation and establish theoretical
backgrounds.

Materials and Methods: Studies were performed into the following two subjects; (D Clinical evaluation of patients who
underwent delayed intentional replantation using clinical and radiographic data. Severe periodontitis involved teeth were carefully
extracted and proper time for delayed replantation was evaluated by analyzing inflammation markers (IL-6, TNF-«). @
Theoretical studies for efficacy of delayed intentional replantation using (-)-Epigallocatechin-3-gallate (EGCG) for preservation of
periodontal ligament cells on root surface by minimizing inflammation and treatment of inflammatory extraction sockets.

Results: Meaningful success ratio and survival rate were found in delayed intentional replantation showing reduced bone loss
and maintained bone level. Additionally, viability of EGCG applied periodontal ligament cells was much higher than control
group. Also, EGCG promoted healing of inflammatory extraction sockets by inhibiting inflammatory cell proliferation.

Conclusion: Within the limitations of this study, 1-2 weeks after extraction is an appropriate time to do delayed intentional
replantation. Also, EGCG provides helpful effects on viability of periodontal ligament cells and periodontium.

Key words : Delayed intentional replantation, Tooth extraction, Periodontitis, (-)-Epigallocatechin-3-gallate (EGCG),
Anti-inflammatory effect
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Author Main title

Journal

Lee et al.
The retrospective study

Intentional delayed replantation of periodontally hopeless teeth:

J Periodontal Implant Sci 2014 ;44:13-19

Anti-inflammatory effect of (-)-epigallocatechin-3-gallate on

Im et al. Porphyromonas gingivalis lipopolysaccharide-stimulated fibroblasts

J Periodontal Implant Sci 2011 Feb;41(1):10-6

and stem cells derived from human periodontal ligament

J Periodontal Implant Sci 2011 Feb;41(1):10-6

J Periodont Res 2013 Apr 48: 781-89

Changes in periodontium after extraction of a periodontally-involved  J Periodontal Implant Sci 2012 Oct 42(5):158-65

Yun et al. Effect of (-)-epigallocatechin-3-gallate on maintaining the
periodontal ligament cell viability of avulsed teeth: a preliminary study
Cho et al. The effect of orally administered epigallocatechin-3-gallate on
ligature-induced periodontitis in rats
Kim et al.
tooth in rats
Inhibitory effects of green tea polyphenol (-)-epigallocatechingallate
Yun et al. on the expression of matrix metalloproteinase-9 and onthe formation J Periodont Res 2004; 39; 300-307

of osteoclasts
Surangi C. et al.

Evaluation of vitrification for cryopreservation of teeth

Periodontal Implant Sci 2010;40:111-118
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Fig. 1. Extraction and preparation of a tooth before storage
A) The tooth subjected to delayed replantation was extracted atraumatically.
B) The tooth surface was debrided and polished with an ultrasonic scaler a fine diamond bur.

Fig. 2. Extraction and preservation of teeth from Beagle dogs.

A) The teeth of Beagle dogs were extracted atraumatically.
B) The teeth were preserved in 24-well plates in storage media containing (-)-Epigallocatechin-3-gallate at

various concentrations

488 | CHatx|Tio|AFEIE|R| H|53H H[7E 2015




ORIGINAL ARTICLE

O A @ perlod 1 ”HX‘Oﬂ 447 B3t &
o] 2947 H) B period 2(ujdof 8Y R &
A glo] 247 ), @ period 3(ujA] 1247+
H % g l 297 Hyh 9] 4749 L0 U

3 oo

T« T HA
21 2] Al sl A2 FEAE Whsis)

[e)

Qo 37° Coﬂ’ﬂ 3AIZE FSE kRt & X|okE A
Astal -2 gHo] FARE(optical density)E
microplate reader(Bio—Rad Laboratories
Inc., Hercules, Ca, USA)Z AAlste] x| =
2] o] Ak S rkskoiTt,

Jung(2012)572 E3F A2 AelE EGCG7f
o 7]3& &5l I 282 sh=Alol tigk Aol
A ZA] glo] A7t Z|okE 7H:l AJRI(11-19AD el A
A X 2otREE FET AT AFEAIZ
(hPDLFs)9} &7|HZ(hPDLSCs)E ARE-3H .
WA E2 o g Hx)E z|olE Eagle medium(a—
MEM;GIBCO, Grand Island, NY, USA)Z A
2 & a«a-MEM, 10% fetal calf serum
(GIBCO), 100U/mL peniciliin, 100xg/mL ~E
HE opo] Al golof|A 37 ° C, 5% CO, 2goj|A] Hf
oJetch AHE AFEAZ(hPDLFs)9F E7|A1%
(hPDLSCs) 4709 22 Yiro] O 2, @
EGCG @& A, @ P. gingivalis f
lipopolysaccharide(LPS)W A &3 &+, @
EGCG®} P. gingivalisg o7 A g3 wLof A
1,3,5,74 % 3-(4,5—-dimethylthiazol-2-yl)—
2,5—diphenyltetrazolium bromide assay %
bromo—deoxyuridine assay S ©]-&3to] A =
4 9S4 ANE Hrpsielt =3 A4 0,6,24,48
Al 7t & o] real-time polymerase chain
reaction(PCR)= ©]-83}%] hPDLFs¢ hPDLSCs
o 5] = w7 &4 9l interleukin—18 (IL-15),
interleukin—6(IL-6),

tumor necrosis
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Table 2. Cell grouping in step 1 according to storage media
and storage conditions

POL cell Storage
group Storage media tempera-  Stored in

identification ture [°C)
Clipasitive  100% corventional media -196  Liguid ritrogen
control group)
2 group 100% conventional media =20 -20°C freszer
V1 group 100% vitrification media -196  Liguid nitrogen
V2 group 100% vitrification media =20 -20°C freszer

V3 group 5% of vitrification Media added 96 Liguid nitrogen
at 20°C kept for 20 minutes
followed by adding 100%
vitrification media at 4°C
Nepative 100% corvertional media -1 Refrigerator
control group

FOL: peridantal ligament.

A5 Agke] 54 %94 iRl A 2E S v

Al*E(osteoclast)t H&4 A49 matrix meta
HoproteinaseS(MMPS)°ﬂ ol8f frkl= Fr) 4t
714 Aol ol WA E=T Yun(2004)57
EGCGY] & &4 oA Aol thet Aol A 79| +
M2 A 2ZE3 2T A E(osteoblast)o] P.
gingivalis &8 ¥ ¥ 20 ;M EGCGE A
o] MMP-2,-9,-13 mRNA & J A&
reverse transcription polymerase(RT-PCR)
£ o|&sto] AL E 19 ot FlE 2F
NIEZE Zro] HjeFst uijx]of tartrate—resistant
acid phosphatase(TRAP)E o|-8-3}o] ulzA|E£9]
/4o EGCG7F u|A]= ol thall 2AlskoiTt,

Cho(2013)3""& sl ligature ligation
Algste] AFAS FEAIZ] 4802 9] Sprague—
Dawley ratol|A ligatureE A73l EGCGS}
PBSE +4o® FYstal 1,2, 45 Feoll 3Aysial
1:}. XZTQJ'-Z(:]' HA TRAPU—H E-l @dﬁ}zﬂ-ﬂ BAS

L)

Table 3. Cell grouping in step 2 according to storage media
and storage conditions

. POL cell group

dentification Storage media Storage condition
C1 {pasitive 100% conventional media -196°C liquid natrogen
control group)
V1 group 100% witrification media -196°C liquid nitrogen
V1 media)
T1 group T5% wtrification media+25%  -196°C liquid nitrogen
F-media [T1 madia)
T2 group 50% witrification media+50%  -196°C liquid nitrogen
F-media (T2 media)
T3 group 25% wtrification media+75%  -196°C liquid nitrogen
F-media (T3 media)
Negative cantral — 100% conventional media 4°C refrigerator
POL peniodontal ligament.
2H
. At 2
1. XIFE o=H RHA] Al 22| 4SE2| Ha}

A A QA 2Alef ofsf F 277]¢] 2|okE A4
o 53t =714 Atk 3 At 147}
Aufjate] AAAR] =2 AEEL 66.4%= Bl
o} st Folde S S0l gldlen Faa
o] 68.45 %oﬂﬁ 34.66%= FoJu|stA] skl
T 3NE Fof| Z AT 45.02%=
A= x];@,] 0] E3F o] 2% {AE|GIct
A & 2R 5702 Z|obellA] LErEom X g
OFARS Holz] ottt Wb Alujal 77)2] Xjoto A=
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O] WA T 9] 2HA o] HPAA AR Sl
Ul ow Azl Ad4E FAA| AL = F
&E YeriSich AntHo g Fa%7t S7kske] A
2] 5 670 ool AIAsHATHFigure 3, 4).
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Fig. 3. Cumulative survival rate of teeth replanted after a delay. The rate of bone gain(%) 1 to 21

months after tooth replantation

Seven replanted teeth out of twenty seven teeth failed, and the overall cumulative survival rate
was 66.4%. The amount of bone gain was 45.02% three months after replantation and

maintained a consistent level.

Fig. 4. Radiographs taken before (A) and 1(B), 3(C), 6(D), 12(F) and 15(G) months after replantation.
After delayed replantation, periodontal regeneration occurred by periodic follow up.

CHEHR| 2kl AbEi5| K| M53H M[75 2015 | 491



ORIGINAL ARTICLE

14 -
12t T
Aa
ﬁ 10
]
s
£ 08
=
=
=
8 06 Bb
2
§ =
BAs Be
~o- EGCGOuM
021 @ EGCG10uM
—— EGCE 100 uM
00
Immediate Period 1 Period 2 Period 3

Fig. 5. Changes in cell viability of the tooth surface, according to the preservation period.
The teeth were treated with 0,10, or 100 #M (-)-Epigallocatechin-3-gallate(EGCG), after which cell-viability
assays (3-(4,5-Dimethyithiazol-2-yl)-2,5-diphenyltetrazilium bromide) were performed at various points in time
© immediate, period 1(preservation with EGCG for 4days and one further days without it), period 2(for 8days
with EGCG and 2 further days without it), and period 2(for 12 days with EGCG and 2 further days without it).
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Fig. 6. Differences in cell viability according to the concentration of (-)-Epigallocatechin-3-gallate(EGCG).
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assays were performed for the extracted teeth after
periods1(A),2(B) and 3(C). The teeth were treated with 0,10, or 100 M EGCG for 4,8, or 12 days depending on the
period. a) Statistically significant difference between those teeth treated with 0 and 100 #M EGCG(P{0.1). b)
Statistically significant between those treated with 0 and 100 4Vl EGCG(P{0.05).
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B il = Fosebw 3 g9l = Eachume >
g A RgingvalsLPS slone 2 A P gingivaks LPS sbone !
E LU T T g B0 = EOCOW pigrekiLPS /R
_ 80 50 /
1 f
[ | B
%3 a0 + Es I
E wr Sm 2 Wt
E W+ / E 0 F —
2 2 e
i ik /Q"’ nPOLE & o | ,.4_';"5 - hPOLSC
nn 1 1 1 1 2 un b/ '} 1 1 1

D;vn Day 1 Day3 Day 5 owl @ D:vt! Day1 Day 3 Day5 71 @

Fig. 7. Proliferative changes of human periodontal ligament fibroblasts (hPDLFs) and human periodontal ligament stem cells (
hPDLSCs) treated with Porphyromonas gingivalis lipopolysaccharide(LPS) and (-)-Epigallocatechin-3-gallate(EGCG). In
general, hPDLFs(A) and hPDLSCs(B) proliferated continuously during the experimental period, with an experimental
period, with an exponential increase in cell growth being observed from days 5 to 7.
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Fig. 8. Effects of Porphyromonas gingivalis lipopolysaccharide(LPS) and/or (-)-Epigallocatechin-3-gallate(EGCG) on El[g
inflammatory and osteoclastnecrosis-related mRNA expressions. EGCG-treated cells(human periodontal ligament —
fibroblasts [hPDLFs] and human periodontal ligament stem cells [hPDLSCs]) showed similar or lower gene nll—;'l'

Fig. 9.

3 3~7% Afolol 714 5kom] W] 1020} 744 3t
2 25 YE2UcKTable 4, Figure 10).

expressions than those cells of No treat . The gene expressions of P. gingivalis LPS' alone were highly
increased at 6 hours, but those increased gene expressions were down-regulated in EGCG+ P. gingivalis
LPS" group by the additional treatment of EGCG.

z 2
= E W
Z wf : |
= g L
8 ]
I wl
o i
2z C— - -— = - -
0 . L | 1 | ' | oLt L 1L 8 1 L 1 I
Positive  C2 Vi V2 V3 Negative Positive Vi T n T3 Negative
contral control A control control B
Cryo preservation groups = Cryo preservation groups

A) The viability of periodontal ligament cells by different storage conditions in step 1. Mean values normalized
using the positive control. Columns and bars represent the mean of three independent experiments£SD . C2
: 100% conventional media, -20°C freezer stored, V1 : 100% vitrification media, -196°C Liquid nitrogen stored,
V2 : 100% vitrification media, -20°C freezer stored, V3: 25% of vitrification media added at 20°C kept for 20
minutes followed by adding 100% vitirification media at 4°C, -96°C Liquid nitrogen stored, Negative control:
100% convetional media, -4°C refrigerator stored. B) The viability of periodontal ligament cells after 4-
weekpreservation in step 2. Mean values normalized using the positive control. Columns and bars represent
the mean of three independent experiments£SD. The T2 group shows around 80% cell viability compared to
the positive control. There is no statistically significant difference in the viability of T2 group cells stored for 2
weeks vs. 4 weeks (P)0.05). Viability of T3 group cells had reduced ind-week storage compared to 2-week
storage, and the reduction was statistically significant (P{0.05). T1: 75% vitrification media + 25% F-media,
T2 : 50% Vvitrification media + 50% F-media, T3 : 25% Vvitrification media + 75% F-media
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Table 4. Staining intensity of tested cytokines in the extraction socket of the control group

Cytokines Day D Day 3 Day7 Day 10
IL-6 + HH +H ¥
TNFa ++ H +H ¥

IL-6 : interleukin-6, TNF-a @ tumor necrosis factor-«
Subjective scale : 0, no staining ; +, weak staining ; + +, moderate staining ; + + +, strong staining ; + + + +, very strong staining

P S
(Day 10)

Fig. 10. Histologic view of the extraction socket at 0 and 10 days after tooth extraction in the control group. (H&E, x
40 ; scale bar, 1 mm) {day 0) Il, inflammatory infiltrates, BC; blood coagulum, RR: root rest. {day 10) the
proliferated epithelium(PE) from the sides of the wound to cover the wound surface except in the central
the region and the newly formed bone(NB) regenerated next to the alveolar wall within the socket. I,

inflammatory infiltrates.

or

(XY
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W AP-1 S

0z
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o
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;ﬁ 'T:';‘c "éh & .‘r‘{}-

MMPAGAPDH densiiy ratio
EE&

Fig. 11. The effect of sonicated Porphyromonas gingivalis extracts and (-)-Epigallocatechin-3-gallate(EGCG) on the
expression of matrix metalloproteinases(MMP)-2, -9 and -13 mRNA. Primary osteoblastic cells were treated
for 24-h with (1) no treatment, (2) 20eM of EGCG alone, (3) 1#g/ml of sonicated P. gingivalis extracts
(SPEs) alone and (4) 204M of EGCG + 1ug/ml of SPEs. The expression of MMP-2, -9 and -13 mRNA was
analyzed by RT-PCR. The data are representative of duplicate experiments
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Fig. 12. Quantitative analysis of TNF and IL-6 immunostaining. Number of: (A) TNF-positive cells in connective tissue area;
(B) TNF-positive cells in alveolar bone area; (C) IL-6-positive cells in connective tissue area; and (D) IL-6-positive
cells in alveolar bone area. *p 0.05 compared to control group. EGCG, (-)-Epigallocatechin-3-gallate; IL, interleukin;

TNF, tumor necrosis factor.
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