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Macroscopic and microscopic approaches for persistent apical periodontitis

Osamu Takeichi
Department of Endodontics, Nihon University School of Dentistry

Abstract : Apical periodontitis (AP) is an inflammatory disease with an alveolar bone resorption. Clinically, the
patients complain occlusal pain, throbbing pain, or swelling of mucous membranes around the apex. AP is caused by
bacteria commonly found in the oral cavity, and root canal treatment is performed to eliminate the bacteria from
the root canal. The root canal treatment is effective for most AP patients; however, some AP patients are not well
healed with the treatment because of complicated root canal systems. In addition, procedural accidents such as
apical transportation, perforation, or breakage of root canal instruments are very difficult to recover, and dentists
sometimes decide to extract the teeth. Recently, operative microscopes were introduced to endodontic treatments,
and we can perform precise treatments with bright and enlarged fields in root canals. We can save teeth by means
of operative microscopes, even if patients are diagnosed with tooth extraction. On the other hand, a phoenix abscess
is an acute exacerbation of a chronic AP, and throbbing pain or swelling of mucous membranes around the apex are
typically caused. The reason for occurring the disease is related to the patient’s condition; however, the pathogenesis
is not well understood.

Epstein-Barr virus (EBV) is one of herpesviruses and were established from Burkitt lymphoma patients.
Interestingly, EBV stays latency after infection to human and does not cause inflammation; however, once the EBV
is reactivated, the EBV causes inflammation. It is hypothesized that reactivated EBV infected AP patients could be
related to apical inflammation. Pathogenesis of AP is thought to be bacterial infections, and viral infections to AP
are not well examined yet. Thus, the study of EBV associations to AP gives us useful information for the
pathogenesis and treatment procedures of persistent AP and a phoenix abscess.

This manuscript summarizes clinical approaches to persistent AP with the usage of operative microscopes. In
addition, current findings of reactivated EBV in AP and novel clinical approaches of persistent AP are introduced.

Keywords: persistent apical periodontitis, a phoenix abscess, operative microscopes, Epstein-Barr virus,
inflammatory cytokines
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BFTIT - TV B & EEERFIEIC X 0, HHETERAR S
RITHEWSEDL ZENTRTH S 2 LRI NIz,
AFCICBIE L, BRI R EFIFRAH BT 20
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Leptin receptor P 14#HAE @ low-density lipoprotein receptor-
related protein 1 RIEDIFILHAZ G- 2 5 2

e & 1= &
H AR KR A Bt ok 7 WF S Rk i 2 B 2 WA o R e o0 B
H AR K A 250 o B 4 1 o R
(R« R #d%, 5 )

EE5

[B®] V75 %%k (leptin receptor, LepR) &, H3FMianibiezs A3 2 HFERHMBLO~Y—H—D—DL L
THEHENTWD, WolX), LepR FpEMZERHME (LepR* Mifg) 295313 % low-density lipoprotein receptor-
related protein 1 (LRP1) 1, Z®OFEHIPHNIT & o THAEMIBSALAMEL, BRED L EHBIELFLET 52 LA
WS SN T W5, LRPIOHE & B & OBRIZOWTIEARH 2 Hai% v, K22 Tl, LepR MIZHB T2
LRP1ZHRWICRIBEEay T4 aF /vy o777 b (KO) v~ A%/ER L, HESBXOAREIIBT 55
JRCRE, B bEE, B X O VAL receptor-regulated Smad (p-R-Smad) DOZEHIZOWTEAE (WT) <~
A & HHGET L7z,

[FE] ~7 AQHTEG & KE 4~ 70 CT THg L, HE LS4 SIEEHINIC L > CGRRET 2 L & b
2, vk YRR L o TEIERBER T F72, KBEICBT % osterix (Osx) & p-R-Smad 583 % S ALk
LGl & o THET L7z,

[#8] KO~ Ak, WT ¥ R & LN CHETEE O EHL, B L OETEE & KBVE OB B &5 A RKALEE O
TARENT, 72, KOV ZIEWT Y ALY b Osx & p-R-Smad DRI ASHA L 72,0

[#:5%] LepR* Mifuic 383 L C w5 LRP1% KIB & 72854, p-R-Smad OFEHAHE S, HFEMI Lo HH],
FHIHE B L A E OB E BRI T LS Z EDBHL IR 572,

F—7— K : low-density lipoprotein receptor-related protein 1, leptin receptor-positive cell, ‘& 2F#ilas1t, &
1%, A AT Smad

Effect of leptin receptor-positive cells lacking low-density
lipoprotein receptor-related protein 1 on the bone formation

Hitoshi Kariya
Nihon University Graduate School of Dentistry, Major in Oral structural and Functional Biology
Department of Orthodontics, Nihon University School of Dentistry
(Directors: Prof. Mitsuru Motoyoshi and Assoc. Prof. Tadashi Ninomiya)

Abstract

[Purpose] Leptin receptor (LepR) is a marker of mesenchymal stem cells (MSCs) that differentiate into
osteoblasts. Recent studies have indicated that LepR-positive MSCs (LepR* cells) expressing low-density lipoprotein-
related protein 1 (LRP1) are required for bone formation, mineral deposition and bone mass development in the
skeleton. A dysfunction of LRP1 causes bone loss and osteoporosis with the enhancement of osteoclast activity.
However, the role of LRP1 on osteoblast differentiation remains unclear. In this study, conditional knockout (KO)
mice expressing LepR+ cells lacking LRP1 were established, and bone forming activity in parietal bone and femur
was examined.

[Methods] Bone mass and bone microstructure of parietal bone and femur were examined by bone
morphometric analysis using micro-CT imaging. The ability of bone forming activity was also evaluated by calcein
labeling assay. Furthermore, osterix (Osx) and phosphorylated receptor-regulated Smad (p-R-Smad)-positive cells in
a distal portion of femoral metaphysis were determined by immunohistochemical staining.

[Results] In comparison with wild type (WT) mice, KO mice expressed depressive bone forming activities
including thinned parietal bone, decreased bone mass and low mineral apposition rate in parietal bone and femur.
Lower number of Osx- and p-R-Smad-positive cells in femur were also detected in KO mice.

[Conclusion] LepR* cells lacking LRP1 reduces osteogenic potential and osteoblast differentiation through
decreasing p-R-Smad expression.

Keywords: low-density lipoprotein receptor-related protein 1, leptin receptor-positive cell, osteoblast differentiation,
bone formation, receptor-regulated Smad
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B CITAEEZ 8 L CHRINE BT D R S,
BEONG Y APEYIMEFRF SN T BLY, JETY) ¥
T EMHINTWD Z ) L-EoduEB Iz, F3Mias
WM &5 SNAbE A oA M h AV REEETFH
b o TwaY, flziE, B3MigiEntgmig otz 5%
1t 9 % receptor activator of NF- « B ligand (RANKL)
R Wntba & 79 2 A%, (R FE L BB M wi BRI 12 38 3]
9% receptor activator of NF- x B (RANK) I2#& L T
B M 4316 % 3] 3 % osteoprotegerin (OPG) b Jit i
T 52, o T B EMIIYIL semaphorin 4 D % 3§ %
Z LT, MERHMBOEFMBAEIIRILY, BEER
wAilE b 72, waMEasbicElbhba A A D
macrophage colony-stimulating factor, RANKL, & 52
OPG # AT LI LIZL o THEWINZFHI L TWbY,

YA MEP S FWMENB T F FRVES THLL T
F ok, MR THOBREICEER T L 7F VA
(leptin receptor, LepR) IZ#E& L, HEFRENAH & £ %
IS 2 2 EDMSNT W59, LepR 138 5 1 2 2 54
JlZHH T2 2L b SN TBY, XIANDLTF
5L o TRRE L RGO BREMEEST 5 2 & A35EE
IR ENTWABY . F72, LepR B PER #2840 (LepR*
) ZERREE) FFEMREOZELMR/REEZ 51
THY, bone morphogenetic protein (BMP) MDIEFIZ & -
TEFMRAGILTH 2 EPME SN T LMY, ZOYh,
LepR* #liw P CTHERE 9 5 receptor regulated (R)-Smad T
% Smadl, 5, 9DV YEILEBNBATHMREL, B4
BN EA T ORE 2 iGMHL 3 5%10, @ RSmad DV
AL &2 AL 722 7 v @ F iR IZ 1 runtrelated
transcription factor 2 (Runx 2) % osterix (Osx) 7 & ®
FIHFME AL EEERFPRE SN TS,
R-Smad ®) ¥ Efbix LepR* M & M 5L 124 < B
o TnhEEZLILTWALMID,

[ EAEMKEEE ) Ry VNI EZHE R T 7 3) =BT
% low-density lipoprotein receptor-related protein 1
(LRPL) =¥ FH A b=V AZHEMKDO—-DTH D,
transforming growth factor- B, fibronectin, B &£ O
lactoferrin 7 EDEH DOV Y FEM&EEL, MBEAY 7+
VG HALT 512, LRP1OEE & B & ORFRIZDO W
TIIAM L AL Iro 7275, IO L - T, LRP1
BT OREDHEME 2 G LS8, BEMAIIHEIC
BR L CTWAB I EDHHL NI ENTz. BIZIE, B3 &
MEMiEgIc s 5 LRP 1 # RIS &/~ Ak, K4E,
KERE, BLOHEEIIBWTHEEMREOEMEZE L vE
WINAHE SN TW AW, F 72 RERHAg I 533
5LRP1 # RIBE W2~y A%, HlEOFEKD LW
FAIEEOBENMIINZ TEREOEEN R EN TV LD,

il

H KB 55 99 B4 2
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LAL, ThHomgEIE, EICLRP1IRBIC L o THE
ENDBERBIVODGT AN ZALIOWTHERLELDOT
»H Y, LepRPAE O B FMP~D LB B VT
LRP 1 SR 723 HZENIOWVTIEF L RSN TV,
2T, ARWFETIE, LepRTMZIZBWTLRP 1 % 455
MICRIBE o A2 FR L, BHIHE & KBREI2BIT 5
TR BFAMBESIE B LY YEA
(phospharylated) R-Smad (p-R-Smad) ® 3 122w T
< A & ORES L 72
MR LVEE

1. kR

LRPLEETFARIBE L7 LepR* Mifuz b >a > 571 v 3
FN w77 k= AL, cre recombinase (Cre) /
locus of X-over P1 (loxP) ¥ A5 A% H W THERK L 720
B6.129-Lepymeerorek/T (LepRere) < v A (Jackson
Laboratory, Bar Harbor, ME, USA) © & LRPl#fzT-
J# |2 flanked by loxP (flox) AC % % #F - 72 B6.129S7-
Lyplm2Her/T (Lyplix*) < 7 A (Jackson Laboratory) 7
D HEME % 2L S48 LepRere Lrpliovs < v 2 & L 722,
FEEE, MEHE D LepRere Lrpliov < w7 A & Lrplfevt < 7 2
DB L > T, LepRT#Millg o LRP1AS /K8 L 7= Bk
LepRee Lrpliowios (23543 2+ /v 2 7%k, KO)
ARG, F72, RS LCHC KR L - TR
S EYE Lrpltt (B4R, WT) ~ 7 A& L 72,
INSDOBETHET T AD Cre & loxP DFEIE, <7
2 DF A5 H L 72 DNA % #7112 L 72 polymerase
chain reaction (PCR) 2 & o THEFE L 726 Dream Tagq
Green PCR Master Mix (ThermoFisher Scientific,
Waltham, MA, USA) i LT, 220 loxP % &5
&3 Mo LRSI, 5-CAT ACC CTC TTC AAA CCC
CTT CCT G-3 £5-GCA AGC TCT CCT GCT CAG ACC
TGG A3 2774~ —& LTHWT, H4CT245HouL
Hf%, 94T 208, 60C Tlofy, & 51272T CT10M o Kk
%35l K9 2 & TR L 720 F 72, Cre OHEIERIHIZ,
5-AAC ATG CTT CAT CGT CGG-3 £5-TTC GGA
TCA TCA GCT ACA CC-3 #HwT, 94T T 3 5L
Hfs, 94C T30#, 535TC T30#, & 51272T T60R o X
JB &35 D IR L7z, RUSEMIEX, Bib=F Ty L4888
2% 70— A7)V CTEKKEIR, UV FT XA A3
4 — % — (BioDoc-It, UVP, Jena, Germany) T a #{k L
7o BA1ICRT X912, Cre & loxP OEIEES] & il L,
<~ ADBETRHEZH L (K1), KO A& WT
YU ZAOWMAERIL, FENLENIN THolze YT AD
FHER L, 1200 OBEEY 1 7 )V % 8T & L HRE
(23C) TEBEL, 7v b - ~wAMF BB (+) T
VIR, W) EKEEMICERS 2, A
&, HERFHRFHEYERTBROKE KEEFS



BIEWIZ BT % HEAEHL A E8 3 5 LRP1O#EH

loxP: 350 bp
BS: 291 bp

<

<= Cre: 425 bp

Lane 1 2 3

1 #@ETFeE~ s Z0H 5]

< ZADE NS M L 72 DNA %2 812 L T Cre ® ¥ L F 4
(Cre 1425 bp) L 22D loxP A5 & 3"l % & LI IEAY
(IoxP : 350 bp) #ZFNZENDT 54 ~<—%MiF L7 PCR CHIEL
720 Lanel ; LepRere Lrplievies = 7 2 (KO < ™7 &) & Cre & loxP
%%, Lane2 ; Lrpl™*t ¥ A (WT ¥ &) (& Cre & loxP » k7
72 B6.129~ 7 AR OS] (B6 sequence, BS : 291 bp) #
2, Lane3 ; N7 UK T&»H % LepRee Lrplis+ < 7 Z (X Cre & loxP
DABIZ 1oxP HSFr2 738 IERLS] (BS 291 bp) % & D,

AP21DEN022-5, AP21DEN023-5) %1%, KEEZ ¥
R IEIT B L CEBERAROTA K I 4 219 1205
T, BYOREEZITo72, T2, ETOFERIIBNT, %
ERENY) O TR & B R ORI B O 7,

2. SHTHE HRANAL & & 2 AT O BREL

4mg/kg midazolam ( % ~ F, 3 ), 03 mg/kg
medetomidine hydrochloride (¥ 7 v 7, fRE), B&
UF 5 mg/kg butorphanol tartrate (BH{EHIET7 7 v ~, K
W) 06 7 B SRR AR & A L 72 RIS & o T
IS 726~ 8HEHEENOKO Y7 AL WT V7 A
(ZNZN3IF/ 7 V—"7) »OHIEG & KE 2 BRILL
720 BETHE = M08, 2mg/ml collagenase (17 1)
AOF0 G A EE, K BR)
Waltham, MA, USA) % & A 72 a minimal essential
medium (a MEM, B+ 7 1V 2fEHMEE) <, 37C,
3050, £tk 31C, 200 M OBEFIE %2 4 [IFE )R L
THATAE HRMIE (calvaria flifig) % WML L 7219, & HEH
Bl (BMSCs) 1%, KBE oWis % Ok, ) v
AW TR A S a MEM % A L CE #fIig % (Al
L7219, ¥y 7 g ¥ 712X o THOBL 725 ki %
ACK Lysing buffer (ThermoFisher Scientific) <24 C,
5 M DMLEE % AT\, I fERRFR, mO o BEIC X - T
BMSCs % L L 72,

Calvaria ffl iz & BMSCs 1210% fetal bovine serum (FBS,
PAN Biotech GmbH, Aidenbach, Germany) & 1 % antibiotic-
antimycotic (Invitrogen) % & & ¢ MEM % H \» TH &
X — VIR L, 37C, 5% REEA AL T TR L
7oo BERSRIE2~3HARICACHR L, 5 HMEEEE L 72/l % %
BRIt L7z,

£ 0.25% trypsin (Invitrogen,
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4T 12 H

3. Calvaria g & BMSCs 2> 5 @ LepR* Alifig o 75

48 L 72 calvaria #l i & BMSCs #0.05% trypsin 4L #
WZEo> Ty v —L25ENL 721, 05%FBS B & U2 mM
ethylenediaminetetraacetic acid (EDTA) % & &
phosphate-buffered saline (PBS) (2% <&, 74 Fit
v b LepR ARV 7 1 F— )Vitfk (1008541, Proteintech,
Rosemont, IL, USA) T4 T, 3040, 41 ¥ Fax—=}FL
720 PBS TOWE%, Y ¥PL~7 H F 1gG microbeads (5
% Ay B, Miltenyi Biotec, Bergisch Gladbach, Germany)
Mz T, 4CTmMoUGHE, Mldz iR — X CE
L7z, PBS Tkt MIIRFIEmIE, Akl L7
e < 4 (MACS MS, Miltenyi Biotec) 7751 L,
calvaria g & BMSCs I2& 1% LepR* Mg % 4 5 L 12
WA &7z, 8D T 403 PBS T2, A H S LY
L, WeAE L7z LepR Mg >) I CTHIL L 720 1]
IV L 72 LepR* Mg/ & RNA & ¥ v 87 Z3hii L, LRP1
DFBUZOWTH T,

4. Reverse transcription-PCR (RT-PCR)

RNA O¥fifthid, NucleoSpin RNA Plus kit (% %1 7 /354 #,
W) MM L. 1 ug®RNA %R LT, iScript
Advanced ¢cDNA Synthesis Kit (Bio-Rad Laboratories,
Hercules, CA, USA) % I\ C, cDNA & % 1T o 720 RT-
PCR i Thermal Cycler Dice Touch (# 71 /54 %) %=FH
L, GoTaq Green Master Mix (Promega, Madison, WI, USA)
EIRA L7z cDNA 2 B IR OSM THEIAT 2 HIE L 720 LRP1
X, AT THM DML, 94T T30fp, 58T T30, &5
1272°C T30# @ It &35, glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) 1394 C T5 %) il o ML ¥R 1%,
94C T30F», 58T T458), & 5272 T60M & Kt % 23]
MOBELze LTI 4 ~—OHER S X, LRPL:
Forward 5-CTG AAG GCT CCG AGT ACC AG-3,
Reverse 5-GTA GGA GAT TGT GCC CGT GT-3,
GAPDH: Forward 5-AAC TTT GGC ATT GTG GAA
GG-3, Reverse 5-ACA CAT TGG GGG TAG GAA CA-3
THhY, MDEWE RILZFI 7 2&H2% 7 Hu—
ATV TERKEE, UV F T VAL VI A—F =T
b7z,

5. Western blot

¥ X7 o, Ml % RIPA buffer (Santa Cruz
Biotech, Dallas, TX, USA) THMIEE L T, 14000X g T15%)
M OE LRI FEZ R L 72, Boh BiED Y v o3
7 #w (%, protein assay rapid kit Wako II (17 1 Vv 4
FOGHS) #FHLCER L. 1 u g DMLY,
10% sodium dodecyl sulfate-polyacrylamide gel (Bio-Rad

Laboratories) 27 79 4 L, EXR kI L 72 4,



nitrocellulose membrane (GE Healthcare Life Sciences,
Little Chalfont, UK) |2 #% 5 L 72 % @ f%, PVDF
blocking reagent (if#h, HE) IIBES L2 L TIE
BRSO 7Yy ¥ ¥ 7 % 1T o 720 PBS THiE 4,
membrane (& Can Get Signal ¥ (BFEH;) THRL 72
A FPie b LRPIAR Y 7 1 F — v Hik (200015 & R,
Abcam, Cambridge, UK), F721&~ 7 A$L 4 -actin ik
(2,000f% A R, Sigma-Aldrich, St. Louis, MO, USA) &,
4 C CI6WF M )t & €72, PBS Tk %, membrane 13
Can Get Signal ¥ i C @ fl L 7> horseradish peroxidase
(HRP) &% 2 Kk ifk (1000055 A B, BioRad Laboratories)
24T TL1EEH @ KE #%, chemiluminescence # i (GE
Healthcare Life Sciences) 22 L, #tfk & @ o % %
ImageQuant 800 system (A 7 1 7N, HH) THHALL 72,

6. <A zuCT#H¥

=R A R SE O BERE N 512 K o T 6 ks HETE KO
Y RAEWT YT R (ZNFNGEH/ 7V IVv—"T) & Ml
L, BEEGEKRBE%2~4270CT (R_mCT, V47, K
50 T L. BEAME, EEE0u A, EELEL0
KV, g 255, SR L L, wET— 414,
W {§f#EHT 7 N =7 (TRI/3D-BON, 5 kv 27 ¥ A5 A
IyT=ZT) 7, JWR) THMN L7z, BEHIEFIZBWTI,
BT O REE ROI (5 X 5 X 2mm) D= & ERES
DS 5mm OFMIZBIT 2 FOESZHE Lz VWold
9, KRG L E AL E 50 O WA IR BT 5 ER DT
f71.0~40 mm OFALROI (1 X 1 X 3mm) OE= (BV/
TV), B#EHME (BS/BV), HZIE (TbTh), H 3%
(TbN), B X OEFREEHE (ThSp) O %5 L7z,

7. Wt A VR X BB IEEERTEG
6HAMHEEKO 7 AL WT Y7 A (ZNEFN8HH/
TNV—7) 12, vt Ar (10 mg/kg bw, E+7 1V
LHIEAESE) & 2 [ b7z o THEIENTRS- L7z (o
G428, 2B B#549HE) . 2HHO¥G#%, 3HE
12, ZHERAREEEO BRI L > TYw AR REEE
o, BHTEG E RS 2/MH L, 10% hHEE s L <) &
W (7 4V AHEHIZE) T4T, 16 o EER, 3
FEWIEA] (Section-Lab, %) TWM L7z, 774474
JV 4 Te (Section-Lab) @M LT, E 310 u m OIER
JKHFAREI T 2L L, 1V A S HEERER O A% % R E R
g () %A, W) CEIZEL, BAIKILHEE (mineral
apposition rate : MAR) % Image] (National Institutes of
Health, Bethesda, MD, USA) i L THI L 720 7 ¥
F AER L 7ZFHTEHG ORIREES 22 5 #7450 mm (A7
5 FIHE BT (lat area, FA, [2) & JelkEES ol
Fe#e iR (sagittal colliculus, SC, K 2), B L KRG D
MBS O HEATE  (trabecular bone, TB) & B0 & i

H KB 5599 B 2
B2 BHTEHE OFHIERL
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FERFE R 2 5 %4750 mm (A28 9 2 AIEERTH § 2 5, SEIHEG O
BT (FICHD - flat area, FA) & ZkEES (I E KHI  sagittal
suture, SS) O EIZALE 3 A Rk (I - sagittal colliculus,
SC) &Nt A A&k 2 ZEHRIREROWERN ST & Lz, (A7r—v

IN— 1mm>

% PR T K2 B o TR (cortical bone, CB) ® /1 v+t A
R 2 N0 EE L, Pl e LT
L7

8. SRR LGt

6HAMHEEKO T AL W~ A (FNENEHH/
TN—="7) MO REBEERE L, 10% PSR L <)
YRR L T4 CCloMEM E % L 720 PBS THEiF 4,
10% EDTA (pH 74) 2 2 AMEE L THIKE, 78774
PTHEML, EE4 pmoFa Lz U, F
YL YTRINT T4 Y ERIT, FRELY =V THEUKILL
72t%, BLOXALL (Vector Laboratories, Burlingame, CA,
USA) T24C, 305 M OMIELIZ L > THREAIL F+ F 2
¥ — ¥ & RNEIL L 720 PBS TUEE#%, YA 12 3% bovine
serum albumin (&7 4 LV AFGHEE) 2T LT,
24CTOOT M DT Ty X2 7 &7\, 7 FH <7 A Osx
E/ 7uF =Pk (200854, Abcam), F7zixwHF
i e b pSmadl/5/9%€ / 7 1+ — VHE (1008 7 B,
Abcam) & 4 C CLl6R O UG %17 - 720 PBS T 1%,
T IRYUATH % horseradish peroxidase (HRP) #Z#kbr~
FFIgG (AN T 7 AV Y TVATA <7 A MAX-
PO, =F L ANA A A T A, BWE) %2 FL<T24C
TR, BUSSE7, ik, X M7 74> DAB#
Xy M (ZFLANAFHF AT R) I2L5T, LRPL
ORISEEZTHILL, AN~ bMF*F ) viEw (Rigfbs, ®
W) CRIEgEm AR L 72e AT A NidkEEk, LAY
J = VIZEEBESETHAKL, ¥ L2 TEME BERPHE
AF] (MGK-S, RT3, _nl) THALZZ, &
B R O W FHISU S BV T E A IC108HEF (1 S 72
N380x%213 um) ##WFE L, AL ZHEGET T Image]
L CHMEED D O Osx Btk (Osx') Mg &
p-R-Smad B (p-R-Smad*) Mg E &% FH L 72,

9. FETHT
Bohir—% ofat#id, GraphPad Prism 8



FBILHIZ BT 5 M5
(GraphPad Software, San Diego, CA, USA) % £ L
720 Shapiro-Wilk test 12 & - T, FEEF— % OIEH DR
ESI, ERSAIHES T D Z EDRERE N 20D
TN — T ONEIZ1E, unpaired Student t-test i L
7oo FEBE, AL 3MEEDEL, FRETIHEEE
HRATRL, p<ObEAEEED Y & L7

#w R

1. Calvaria fifig & BMSCs 7> 5 %3
LRP13&3H

KO~ 2k WT ~ 7 A®D calvaria g & BMSCs 2 5

8L 72 LepR* Mg lc BWC, LRPLEET &7 87 5
HWAriE L7z (K3A, B)o WT ¥ ATl calvaria fllfig

7t U 72 LepR* Al g @

& BMSCs 7 5478 L 72 LepR* flld O W3 I BWT D,
A B MW (kDa)
- - TR

o [ 0 = =
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3 Calvaria #ifid (calvaria) & B #ifE &ML (BMSCs) 75 4
B L 72 LepR* iz ® LRP1%3H

KO~7 2 & WT <~ A58 L 72 LepR* g 12 3515 5 LRP1%E
H, ¥TLepR ¥tk z VT MACS ¥ 27 412 X - T calvaria filfig &
BMSCs #* & LepR* Mg % 458 L C, mRNA ¥ (A) &% v %7
S (B) RNz,
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LRP1DER & & 237 8B e 7§ W 70 3 > VRS
T&72 Wol¥H, KO~ AP LepR* Mg Tlx LRP1:#
BfEe s o3 BRI TE o7,

. BHTEE & KBRS O TEREEHIN FF Al

LepR+ LD LRPIRIEDS BB RITTHE LT D
2olz, KO AL WL~ zm‘,‘Tﬂﬂkﬂaﬁ%@%
u»*:ttixwzo ~ A 71 CT Wif§4x 7 RN
T, KO~ ZIZWT = v ALY bFHEEDOIEH (KO
900 = 62 um, WT:1153 = 129 u m, p <0005, [X

A, B) tBEOHA (KO:28 = 020 mm?, WT:
364 = 038 mm?®, p < 0005 K4B) DLz, K
BETHREEIC, KO AIEZWT Y7 & & T
FEmROEFE BV/TV) 2MET L Tw/ (KO : 287
454%, WT :362 = 409%, p < 0005 [K4C, D). KO
YT AE WT ¥ ADFERAME (BS/BV) IIHE R
HOOLNLhol2h, WIRTALHRTKOY Y AD
H#0E (Th.Th) O/ (KO :455 = 234 um, WT:
513 = 469 um, p <001, X4D) B2 (ThN)
DA (KO 622 = 050 /mm, WT : 685 = 056 /mm,
p <005, M4D) AL, WIZHEMEE (ThSp) 1%

KO ADHFHBWT 7 AL EWEZRL (KO
109.7 =
4D),

157 um, WT :894 = 117 4 m, p <001,
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B4 KO~wAEWT~v AQHEIEE & KRG OB TRERH
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BHTEHE ORERFEA /750 mm (2

F= (bone volume) L HATEEE (calvaria thickness),

1,000 4 m), BHAEED /ST XA — 5,

0.005 (versus WT, n =8, in each)

EWT oA (WT) OFIERE & KRG
friE$ %~ A 71 CT O i GE k(% (7\’7—11//\—
C  RBRE A i o
Hi (BV/TV),
N), B& U‘*‘*‘” IR (TbSp)o MEIE#MEMNT L, unpaired Student t-test 47> 72 *p < 0.05, *p < 0.01,
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3. FHTAE & KBE 1281 25 A LEEE (MAR) O

KO~Yw AL WT v ADOFHEE BT 572012, 1§
FEPIZ A VA v & 2 35 L C, ZHEOMRER M %
Framel, TNE7THTHRTAZE TMAREE KD
720 BHTEE CIX, WIRES2 5% 550 mm IIALE T 5 F
W Em (FA) & RIREESoOmMERE (SC) 12, Hv
AV OTEHIERPBETE (M5A). M5BIZRT
X912, MARMHIZ WT = ZIZE_TKO <7 20 FA
THA L (KO:144 = 012 x4 m/day, WT : 1.76 * 017
u m/day, p <005 [X5B), SCT & iz~ 1L 7z
(KO:156 = 019 u m/day, WT :186 = 012 u m/
day, p < 005, X5B)s F72, KBEFTIZ, KO~7 X
EWT %7 AO#EMB®HEOWEAME (TB) LE®HHBOH
O REEE (CB) I2h )Vt A v OZEOKFRER
M T&7 (K5C) MARMHIZ, WT ¥ R LKL T
KO~ 7 AT TBTHA L (KO:242 + 014 u m/
day, WT :302 * 016 u m/day, p < 0005 X 5D),
CBTd M %2 /Rx L7/~ (KO:365 + 016 u m/day,
WT :434 * 033 u m/day, p <001, K5D),

4. Osx*#lifa L p-R-Smad* D54

KO~oRAE WT ~ 7 ADRRE & E &I 81T
% H AN & p-R-Smad* ML D 554 & kb gt
IZE o CRHii L 720 BHFMIZTH 5 Osx M, KK
B HINE O AN A E T A R DU < OifE wEI I 7R
BHHNTH, KO~ AD Osx+ MEOFIE WT ~ 7 A1
ARTHT0% 12 F T LTz (KO:146 = 020 X
103 cells/mm?, WT : 208 = 0.19 X 10° cells/mm?, p <
0.005, 6A, Bo ¥72, p-RSmad+fiffgigm~ A &
b2 Osx+ Mg 54 & —FH LT, WiE s Ml T&
72h%, KO~ 7 AD pR-Smad+ g%, WI =oAL
7% {T78% 1T &Iz L7z (KO: 144 + 013 x 107
cells/mm?, WT : 184 = 018 X 10° cells/mm?, p < 0.005,
6C, D)o

z =

AR TIE, LepR MMICFEBIT 5 LRP1 %2 FFERIUIZK
B KO~ 7 AZER L, LRPIZHHOF ES BT
252 5B ET Lice TORE, WT ~ 7 A& L
TLRPIO KO~ ATldHE, HAKLEE BLOD
Osx* fifa oA & & 312, LRPI2SRIE L T 44538
e R-Smad V) ¥ BRALSEIHI STV 5 2 L SHH S 2
otz 2%, LepRt Mg LRPUZ & 3FMAL 51L& 2
HEFTLILIEST, BEAZMAHL TR LENEZOLN
725

LRP1OHEREMREIHIZ DO \W T OWSEIX, 212 Cre/loxP ¥ A
FTARAVCERL-aryTF1aF N/ v To Ry
2 FHLTHEDOONTED, FEOMIETD LRP1O X

H KB 55 99 B4 2

59

o

C[]

BT, K, 8 XOHF 2B 28E sk z i
EL, BEZEDSEDL ZEDRENTWELBW, F21F,
Runx2 B PEMZD LRP1 2 RIB S E 72~ 7 AT, /MK
R ER T 0512 & o T RANKL OFHAFHE S 1,
FRIRONEAE L EE B LU OEEZ R SELZ L8
WEsNTwsW, F72, 4N L[ LepRt Al LRP1
FRIBER7ZKO < AT, HlE OB L
WS REOBMLDVEO SN TWEY, K THES N
KO ~ 7 AOHTAF OFEHEALL KREFOFEET 2 E0F
Rl EHETLIHREBEL LADE S L, LepRHMfaLC
B3 % LRP1 &G OFRIEHRICEEZ RITTEEZZH
n7ze

KO~Y ZADOBHHEEE 7 VY A VBRI X > THNS
&, W~ X LB, FALSC, BXUTBECB
AN A OTEERAHETE 2N, CoOMBIE WT
T ANCHARTH L, MARDETARO SNz b
DT RE, LepR* #ifo> LRP17% LepR* Ml o> & 355l 75
L BRI ERICEDL L 2EMNTLIDTH L, L
AL, STNFEFTOHREICINIE FFEMBICEHRHT S
LRP1# RIB & W< 20%, EH EHEFICERET Ak
L34, ZHUIBEMIEoEEAIC & 2 5WIURE IR R
T5H0OT, EHFEMBOBFIIZHEDR LW EATREIN
TWwaW, DF 1) LRPUIBLHE ML 0 & TR RE 12 52
BERIZST, ©LAMERBMEOFEMB~D L
BIEA$57:0, LRPIZRIESE 52 LT, MM
FIFMILOEEE % HE L TV AR E 2 Sz, L
72755 C LRPLIZ M ZE R ML 05 FMa~ 0 51k %
FTHEHRFDO—DTHELEZEZDDNELETHS ),
FIEMITDH B Osxt ML D5 A % IR LA 127
N7FER, WT =27 A2 /T KO w7 AD Osx* il
DDA S Nz Osx (LBEER L 725 M08 < S35
%2 Z &5, LepRYAIED LRP1Z RIS E 5 2 & T,
FIEMIE AL SN D 2 ENEMNITF SN, F 7,
KO ~ 7 A Tld, KB 3 A7 Bl 54K oo JE K Bk 41 A )
12, Osx* flaehsigid L CnwizZ eh s, ARILIkE O
WA B TR E D ¢, SE B e HH S v Cw
HUTREEDSRIB E N7z & 512, Osxt Mg omd & &
{12 p-R-Smad* MAZE b WA L T2 L 225, LepR*
ML o LRP1LIZ, LepR* #llig o BMP 45 is2 2 % 2 it L,
R-Smad ®) b % FHiE$ 5 2 & T Runx2, i\ T Osx
OFEBAEFEL, BFMEMLERETEILAEZON
720

LepR* #llfia & oMk b ge Ol S 7z Osx AllIE
& p-RSmad MO BIIRIZONWTIE, &, E5% 5
FSLTTIED S5, KRIRE 7B ¥ o0 W 5 fEs 1 1%
LepR* MBS AE L, Z OMIBE2SEIHEMIBIc 5L 5 2
EDPIRENT VDB LD, RFEROWT ¥ 7 A TH
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5 KO~7AREWT T AQHEEE & KBRFIZBIT 27 Vb1 v ZHEG

A OZEBREHRIZL > TKOY YA (KO) & WT v A2 (WT) OFIEKIEZFHEL 720 71V
YA 31 M HOWEENT S, S HRIC2MH 285 Lz 2 OS5 TZNEIVER S 725 kT I
TRTo HIAE OIS # /550 mm O FHE (flat area, FA) & 0k & W M o P2 38 (sagittal
colliculus, SC) 2B B It A ¥ O EMHIRERRIG % R"T (BB : cortical bone, CB), (A7 —)L/N—:
100 m)o B ANt A v O ZEMIRERRBGIZB W THIE L/ FA £ SC O MAR 2737, C: KB O®ME
WU ER e (trabecular bone, TB) & F##EE % (bone marrow, BM) DR EEIE (CB) ICASNL T
WA TEERREERT (A —ox— KK, 100u m, A, 200u m)o D: TB & CB ® MAR X, 7
Wt A v ZEBRME 2 HHIE L7z SETFMATIE, unpaired Student ftest 4T - 720 *p < 005, **p < 001,
*p < 0.005 (versus WT, n =8, in each)
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T & HOWTER L 720 #RHEAMITIE, unpaired Student #test #1772 **p < 0005 (versus WT, n =8, in each)
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XN/ Osxt MIAZIE, LepR* A 5401 L 728 250
EEZDLDONREYBTHL, DF ) KO~ ATIiX LRPI®
RIBIZ & o C, LepR* Ml L& F s LaEz kv, £
DOFER Osx* ML AP L7z L HEETE Do Vol ),
p-R-Smad* Mg O 1%, VU ¥ EE{t Smadl, 5, 91X
IS AP EMFH L7z 25O p-R-Smad 1, BMP2%°
BMP472SE 3R 0 LB FEIZ 563 L T 5 BMP 251K
NOFEEIZ L o THFESNLOW 726, Osxt Ml & p-R-
Smad* Mg IEHE 2 BERERH D, KO~ ATHE S
72 Osx* M £ D A 1% p-R-Smad O FBIIHIC X 5 L D
EEZ D,

SR OEFRIZRT L 912, LepR* MBLICHEBH L T b
LRP1Z R &5 2 & CHIEF & KRG OFEIWMA L
72o Vo9, LepR*Mifux E&ICREEEZT Y M T
X, HEERPREFICERNDZ &b %) HE L EKRE
PG SN TWEH, NSO 2 S, LepR flIE4s
IR O G & BTN LE Y — A D—2 LHEHIT
&%, ZOIH, LepRt Mo LRP1AMT M 5L 2
HTHIUE, KO~ AT Osx Mg & p-R-Smadt MIAT X
HhTLHEEZEZOND, LML, TN OMEEKITWT
YYRAEHRTHEIZEA L7200, %< o Osx* #ilg
& p-R-Smad- Ml 580 & 7z, HZERFEMEO R Y o
L — 3 3 ¥ A2 4%, LepR M 3 B4k 12 C-X-C motif
chemokine ligand 1287 %flf@®), platelet-derived growth
factor receptor a B M fll /320, B X U paired related
homeobox 1 [ EMIEY 2 72 EE L Twb, ThbHD
#iflE b LepR* MG & MARIC, BFMBCHE ML &2
sibL, BHREBBEICES T L3N, DF D,
LRPIoa > 574 2 aF v/ v 2777 b<w AT,
LepR* #iiffa LAt o 28 Rl ia & & 2 Miffa s fbre 2 4 L
TWwh7:%, Osx* Ml & p-RSmad* fifig & L THH S
TN REHEDIE Z BN,

LepR* fIAZIZ5H L T A LRP1Z K S 727217 T
13, LepR* Ml 2 B KIESE-HW TROLN L £
B oEmILY AT A LD TET, BRKEOIH
ZBEECTH o720 LRPIOMIZBE# 2 T 12 & o THIZER
B OFFM LR I N T LEZ LN, 4%
12 YAP® % ERK5® 7 20 LepR* ML % & 5 [ 3 S84
fa D&M LICLE R RF & LRPLE OBIfRIZOWT
WE5 2 B H S,

s

LepR* ffBIZ38H 4 % LRP1Z KIES ¥ /2071 v a
TNV T b ARERL, B L B FEM L
(252 BB O WTHE L7ze ZORER, UF Ok
15726
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IL-1 receptor type 1 12X 5 IL-1 a OMFAPN - fEFRES 2B 5 gt
o

F AR Bk 2T 7 AR e 2257 0
HAKSEREER CIESVERESS b
(R ORRR L B0E, WIFLE #02)

=5

[BBY] IL-1a BIBEEEZ MBS S b DAMPs ORENSTFTH Y, AL O M - o IL-1R11Z
WETHIETY T FNELGET D, LeL, TRETOMZET, ILIRIB L ISHIENIZREL TWDE 2 &2 5
MmEROTWLZ ENS, ILIRUIIEINE THSN TV LR WERRERH 5 D TIE Rt OFEBE S/, KL TlE
IL-IR1DKHN 72 HERBEIZ D W TR L 72,

[FiE] b bR dsko HeLa & CRISPR/Cas9y A 7 4 % W T IL-1R1 % R 2 & & 7> HeLa itk (CR-R14)
EHW 2, TNENOMBLA S, total RNA ZiH L, ¢cDNA Z2{E# L RT-PCRIZX » TIL-1 a {5 T-IH 2B L
7o MIBBIZBIT A IL-1a B L O IL-IR1OGEHIFEH L, PEL 38 % 272 transfection |2 X DT\, & /87 BHO5EIH
1% western blot (2 X W HEFE L 720 F 72, IL-1IR1® STOP I K> @& 12 HiBIiT # 7 % 3§ A L 7z plasmid # C-R1& L
T transfection L, SRE#E4@ I X ) MBNBTE L 8142 L 7-. Transfectant OB HEFE 2 MU L 7214, > 7
oo IL-1 a #2FE % ELISA #:2 X D llE L7,

[#R] IL-IRIORIKEAED L] a O BT KITTEEICOWTHE Lz E 25, CRRI-4TIE, HeLalllt
LT, IL-1a mRNA ZBIAHEEmEN T WD 2 EASHBH L7z, IL-1a O transfection 48K:R#12 actinomycin D %1
JHE®5Z L1125 5T transgene H2E D IL-1 ¢ mRNA FH Z =1 &, MBNTOIL1a OBHIZOWTHE L7z
& 25, HeLa CTIid CRRIAIZILER L C, MBBEHETOILla BAP RV EFHHL 720 vwolE), CR-RIA4IC
IL-1R1% transfection |2 & ) BHEHR S/ 24, IL-1a OMINGRIIEBREINDL ZEPPELNE o7, 22T,
TIEHOLEIC X VST OMEBANRAEZBIE L 25, MEMNIZGET /MR IcBWCIL-1a & IL-1R1
DIEFBEL TWLEI EPHLNE R o572,

[#E8R] AP0 RIE, ILIRIAHANTIL-la E#ET 25 2 & TIL-1 a OMIBE N4 R S 2w 2 1 RENH
ERBTLHLDTH -7z,

F—7J—F:IL1a, IL-IR1, MEA % > 2327 B 5%, actinomycin D, CRISPR/Cas9
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Abstract

[Purpose] IL-1a is a representative of the danger-associated molecular patterns released from damaged cells. It
transduced signals by binding to IL-1R1 on the plasma membrane of target cells. However, previous studies have
shown that IL-1R1 is mainly localized in the cell nucleus, indicating that IL-1R1 may have a previously unknown
function. In this study, I explored the unknown function of IL-1R1.

[Methods] HeLa and its derivative cell (CR-R1-4) in which IL-1R1 was deleted using the CRISPR/Cas9 system
were used. Total RNA was extracted from each cell, cDNA was prepared, and IL-1 a gene expression was observed
by RT-PCR. Forced expression of IL-1 a and IL-1R1 in cells was performed by transfection using PEI reagent, and
protein expression was confirmed by western blotting. After collecting cell lysates from the transfectants, the
concentration of IL-1 a in the samples was measured by ELISA method.

[Results] The effect of IL-1R1 deletion itself on IL-1a gene expression was examined, and it was found that IL-1
a mRNA expression was enhanced in CR-R1-4 cells compared to HeLa cells. In IL-1 a transfectants, the amount of
IL-1 a in the cell lysate of HeLa cells was lower than that of CR-R1-4 cells. On the other hand, when IL-1R1 was re-
expressed in CR-R1-4 by transfection, the intracellular degradation of IL-1 @ was enhanced. Subcellular localization
of IL-1a and IL-1R1 was observed by immunofluorescence, and it was found that IL-1a and IL-1R1 were co-
localized in vesicle-like structures dispersed in the cytoplasm.

[Conclusion] The results of this study suggest that IL-IR1 may promote intracellular degradation of IL-1a in
the cytoplasm by binding to IL-1 a intracellularly.

Keywords: IL-1 a, IL-1R1, intracellular proteolysis, actinomycin D, CRISPR/Cas9
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il

®

MO S LTt iciut S a2 WE %
danger-associated molecular patterns (DAMPs) & #Fh
9 5%V, Interleukin-la (IL-1a ) (Z4CZM 7% DAMPs ©
H Y, MHEACTHIERE (precursor: pIL-1a) & L CEE4A
ENMob, feo#EICL YIS, N- Ko
propiece (pp) IL-1a & C- % 4 fll ® mature (m) IL-1a
e s, 2095, pll-la & miL-1a lZAHAEAHIC
S E A, BRI oM - 125635 A IL-1 receptor 1
(IL-1R1) ICHEBT A EICE ) ¥ 7 F N EET 529,

IL-1R1iZ, HFEPIZ toll/IL-1 receptor (TIR) domain
HELTBHY, ILIRIOMBEAL IS, VY FTh
Lpll-la F/2ld mil-la 25635 &, ILIR3EEAL,
IL-1R1B £ OV IL-1R31j L & 7% — @ TIR domain 23#5 &
THILIZXY, YITFUPmEEND, VolT), IL-
IR2IFHMIBE MIZ TIR domain =& L 7R\W/zodH40 1) F
FCHHILlalldEBETAHILIEITETYH, VI uzeizn
FETEXWIZ &2 5 decoy receptor & ENTW5H, L7z
3o CTIL-1IR1E, IL-1a DY 7 F WMEEIZED 5T TH
575, MBRRZFRE IR S Cw 2 IL-IRIOHIE A 7% <,
TR OPUEZ: &2 L 2BIIImRD THREETH 59, Vol
9, INFTOMELS, IL-1IR1O C K2, HiBiT-tag
RETEI LI oC, MINERESEEIC LA T L
PHOE N E L 570, IREHVRZFEICLD, ILIRIA
AN TIEB O ITBIIRTET 5 2 L RIEHtd il L -
TN E R o720 2O 2L, IL-IRUZKRHMDOBERED B
HURESEERIET DD THS, £IT, AW TIEIL-
IRINZDY)H Y FTHAHpll-lallxt LT, Mg TE
ORI EZE L CWADOPHETEZI L & LT,

MHE LUFE

1. i

FEERIZIE, b b E EHE K O HeLa iz (HeLa)
(JCRB Mg/ x> 7, KB B X U CRISPR/Cas9 A 7 4
v HeLa l281F 4 IL-IR1% &2 L 72fig CR-R1-49
= oz WA 10% 7 2GR (fetal calf
serum; FCS), 50 u g¢/ml A b L 7 <4 ¥ >~ (Sigma-
Aldrich, St. Louis, MO, USA), 50 U/ml~* = ¥ 1) »
(Sigma-Aldrich) % ¥ L 72 Dulbecco' Modified Eagle's
Medium (Thermo Fisher Scientific, Waltham, MA,
USA) T37C, 5% COMF/AETNTHAE L, 72, e b1
JVE T T 1 Bz 9 1 R AR HSC3 (JCRB AN N> 7)) DBz
1%, 10% FCS i1 Rosewell Park Memorial Institute medium
(Thermo Fisher Scientific, Waltham, MA, USA) % H
W7z,
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2. Transfection

pIL-1a B & O IL-IR1D FE I plasmid B &£ O° IL-1R1D C
K OSTOP 2 F v E L IWCHBITY 7% i AL 72
plasmid (C-R1) % Moriyama 57 OEHLL 723 @ % Fw
720 M~ transfection &, 4% plasmid (250 ng) & 7K
) F Ly A3y E# (1 mg/ml, Thermo Fisher
Scientific, Waltham, MA, USA) 1 u 1l %ML, ERET
30 UL 2720 b, MIIZEIN L 37T T8Ik i £ 4
L. transfection #4T- 72

3. Reverse transcriptase-polymerase chain reaction
(RT-PCR)

Y 2 & o RNA #ii i (X, RNeasy mini kit (Qiagen,
Hilden, Germany) % f \» 72 complementary DNA I,
Superscript 11 W55 R (Thermo Fisher) # H\WTH&
W, L 7o PCRIZ, CFX 96 real-time system (Bio-Rad,
Hercules, CA, USA) T TB Green Premix Ex Taq II (¥
B TNA K, BE) EHWTTo 7. RIFFETHER L
plLl-la 794 ~—BHIZLLTFTDEBY TH D (forward
5-CAA GCC TAG GTC AGC ACC TT -3 reverse 5-ATG
TAA TGC AGC AGC CGT GA-3),

"Bon/zPCREWZ, BibzFT 74 (05 u g/ml)
TIN12% 7 A8 — A7 Ve v 75 0kE CRE L,
iBright1500 (Thermo Fisher Scientific) 2 X » TH# L
7o FWIEMET Y P — )L e LTS -actin (forward 5-
CAA CAT TGG CAA TGA GCG GTT C-3 reverse 5-
AGG TCT TTG CGG ATG TCC ACG T-3) & Hw7z,

4 . Enzyme-linked immunosorbent assay (ELISA) 12X
AHIL-1a DER
FNENOMNL (5 x10* cell/24-well plate) % 4EFH L,
185 ] 2 12 transfection % 1T 5 720 & D 22405 5552 |,
MR 2 [N L 720 3O iErR (16900 g, 1 43[H)
D EEH oILla & E % ELISA kit (BioLegend San
Diego, CA, USA) #HWCTllEE L7z,

5. SaEHOLY

CR-R1-4 (5x104 cell/ well) %24 well 7L — MZAN
7z cover slip (IE#Z10 mm, ~ >+ 3, HED) FICHEH L,
FFELOE Y transfectant & ¥ L 72 transfectant 1) >
Pk il A= PR ATV UK (phosphate-buffered saline; PBS) Tk
L, 4% /%7K NVLTINVT e FTRHEEL, 1% triton
X-1004LPE % %27 T 1047 M permeabilization L 72212, 1%
7 MET VT 2 v (bovine serum albumin; BSA) N
PBS (1% BSA-PBS) T7 U&7 %4ro72, Mg
®121E, ~ v APTHIBIT $ifk (X 1004, PROMEGA,
Madison, WI, USA) B L O"7 ¥ FHit b IL-1a itk (x
10075 R, Proteintech, Rosemont, IL, USA) % 1% BSA-



IL-IRIOANEN TL-1 a D52 DT

HSC3 CR-R1-4  Hela
1 CRRI4IZBI A IL-1 a DIEBIHEGH

Positive control T& % HSC3, CR-R1-4# &£ UF HeLa 7* & total RNA
i L, cDNA /E##, PCRIZX D IL-1a mRNA D38 % fE72
L7zo PCR #EWa =570~ A FifINL2% 7 78 — A7 VESIKE)
XD EB L, IL-la (147 bp) B &£ Uinternal control T& % f
-actin (134 bp) DN FOMM 1T 720 WAz L7z 3 MO EE:% 1T
W, AR KEIFT R R L7,

PBS TAM L, =X CUBMIG X7z, 2RPifhke L
T FITC kv FPu~ 7 A IgG Pufk (x10047R, Proteintech)
F 7213 RITC 5 Fhur - FHifk (x 100778, Proteintech)
vy, G LS T 1R UG 28720 & 512 PBS TRk
#, DAPIL-Fluoromount-G (Southern Biotech, Birmingham,
AL USA) #HWTATA FA T AIZHA L, BB LY
WROWFNZ, F— VA 7 ratimEE (BZ-X810, F—
IR, RO &AL,

6. Western blot (WB)

Transfectant % PBS T 2 [l¥ki L7214, 100 u 1 DML
% % W (50 mM Tris-HCL pH 7.5, 150 mM NaCl, 0.5%
Triton X-100) = HWCTHEM LY > T s Uiz, By~
7 v %12% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) % i\ CEA WK E L 720
WB & Hanayama 5 @ F 8 (20 - TIT o 720 — RPUIE
&£ LT, ¥ APLHIBIT #itfk (PROMEGA, Madison, WI,
USA) % 1% BSA-PBS THAHM (x1,000) L, ZERT1E
MBS & 872, 2PUIA & L T, horseradish peroxidase
(HRP) kv FHi~ v A IgG (H+L) #Hifk (x 50007
R, Jackson ImmunoResearch, West Grove, PA, USA)
W, EIRTIREMBL S ¢z, WEEI Y ba—)Lic
1% Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
M7z 1LIRPUA L LTy ¥tk b GAPDH #Ufk (x
10,0004 R, Proteintech) 3 X 082 %k#fifk & L T HRP 1%
W FPLT HF 1gG (H+L) Bk (x6,000758, Jackson
ImmunoResearch) % ffiff L 72,

7. #Er

7 — & OIEH % Kolmogorov-Smirnov M, S5k
% FWE CHERE L 720 IL-1 a OREERAYSSHZLIE t E %
AT, IL-1a OFMABAG O L IL-1IRIFEHIZ L 2
IL-1 a DAL RMEEE 1X Wilcoxon rank sum 7€ %
WTHBEZME L, p<00BbxHEED) & Lize T
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SFT4E12 H

24 4I8 7.2 gls
(R§FH])

2 Transgene HI3# IL-1 a DRI AYFEEZAL

HeLa (2 IL-1 a % transfection L, 24, 48, 72 3 X UN96HF[H %12,
transfectant O A Z UL 720 MIBEBR T O IL-1 a %%
ELISA |2 X Y #ll58 L 725 Transfection 24FF[H £ D %#100% & L
T, HHEFM D& %515 L 72o Transfection EEk % 5 [T\, FY
it £ R R A 2 7R L72e % p < 005

RTCOT—F I TFIGMHE = FEERFRE TR L7,
w R

1. CR-RI4IZBIT S pIL-1 a HIn T3 O LA

M1z, IL-1R1% K& & 472 CR-R14IZB W T, pIL-1
a DBLETFHBUEALDY D % 02K H, PCRIZ & > THES
L7z0 ZO#EH, positive control T 5 HSC3IZB W T
B 722 147bp D /N > FEBIM T E 720124 L, HeLa Tl
NY FIEMEBTE LD o70 WolE), CRRIATIZ,
HSC3& Ib#E L THIUIFHAY, N FEBT 52 &8
T&72 (K1)s SHIZELISAIZL D ¥ Y7L N)L
TOEBIZOVWTHHERLAL A, CRRI4B LU
HeLa & B2 pIL-la BHEFERT A LN TELh o720

2. Transgene H® pIL-1 a 38BZ1L

DX, ILIR1IOREDS, MW TO pIL-1a 732 E
DI REEREITIPREATALIILAHNE LT,
transfection (2 & - Ciifl| 5 H & & 72 pIL-1 @ DFEFRFNY 72
FEZALIZOWTRES L 720 Transfection 245 ## (Z#ife
W R IR S N opllla & 2100% & L 72 B
transfection 48WF[] #2121, FEEHEOWMAIZ R S 28,
WETAIC A BT A o 720 F 72, transfection 72[F[ %
WIEREBPFELIET I A2EACH 72 (K2), F72,
Z OfEM X HeLa & CR-RIAW & 2B W TEALA D -
2o 2 O Z & H 5, transfection 488F [ LI B @
transfectant (2 3517 % pIL-1 a MR 5B IS5 2 % IL-
IRIOFEZBIZOVWTHET A L & L7

3. IL-1R1C & % pIL-1 a AUHS N 45 i 78 5
HeLa 8 & " CR-R1-4IZ pIL-1a % transfection L, 48
55 3814 12 actinomycin D OFFAE T £ 72 13IEFFEHET T3
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A) Hela CR-R1-4
* n.s
800 r i 800
700 | 700
:E\ 600 | /g 600 |
D 500 S 500
£ E o |
5 400 F S
. 300 | T 300 f
— —
o 200 3 200t
100 100 +
0 0
() (+) ) (+)
actinomycin D actinomycin D
B) CR-R1-4 HelLa
actinomycin D (=) (+) (=) ()
IL-1a -~ e — 4m 34kDa
GAPDH | — e et 4m 37kDa

K3 IL-1a OMBENGEO L

HeLa (£X) BXUCRRI4 (M) 1Z1L-1a % transfection L, 48[ {%12 actinomycin D (14 g/ml) FEFET (=) BLOHFET (+) T
SHEMIRGEE L 720 A) REEBOMIERET O IL-1 a % ELISA 12 & D #l%E L7zs MAL L7236 % 6 ATV, P £ EEHEREEIC X )RR 2R
L7z % p <005 ns AEEZZL

B) A) EKRICHIFE 2 WUEL L, B L 2z M0 797 % 12% SDS-PAGE (2 & 1) BB L 72 Western blot (21&, 1 &kPUAE LCTo 4 FHe F IL-la
PUE (X 1,000 ) %, 2kPUE L LC HRP kY FH07 4 F 1gG Pufk (x5000/4F) % Fv 7z, F8fhix ECL substrate(BioRad) & V72, 4t
L7 ERE 4 AT, REM LT -5 ZR LT,

% Z T, CRRI14IZIL-1R1% transfection 3 % Z & |

120 u £ o T, pll-la ®5fH Hela L )V |Z i“([ﬁ]@?‘é?ﬁ*
g 10 GhWEF L7202 O, ILIR1Z CRRIAICEB S 42
[ﬂ\lﬂg{ 80 r ZLi2& o7, pIL-la D45 f#lE, pcDNA transfectant @
3 60 620% F TIET L, HeLa lZBIF 250 F TIZIZES o
='r_l>_ 40 T DHREH RN EN K T 2R L7z (K4),

20 r

0 4. IL-1R1 & pIL-1 a DM ETE
pcDNA IL-1R1 UEofEFE,»e, pll-la & IL-1R1% transfection L 7

4 ILARIZEBUC & 2 IL-1 o OIS e CRRI4IZH W Tpll-la & ILIRIAHI &L T 5 &2
CRRI4IZIL-1a & 3612, peDNA (&, 2> hu—)) %7213 1L K INTzo £ 2T, W ORE D% HEE LS
IR1 (f7) % transfection L7zo [X3 & FARIZALERE L, HIHE 7+ @ WX o TS L7z MSIZR L7728, pll-la & IL-
D Il-1a (}%F{‘% ELIiA iz Jij) W5E L7z A7 L 72 7 MO FEEROF IR LIEHERS R 4R 12 38 L CRAES 2 /R EW - B C
FEREREE DRSS, =200 SR L 720 MEDZ L5, ILRUSHIRLE A C pIL 1
R L, MIBRE MO pll-1a & % ELISA |2 X 0 ill%E a AL, pIL-1a OMINLE PN % REE L T\ A TTHE
L7zc 20455, HeLa TILARUILHETA679 £ 2729 pg/ PEATRIE S N7,
ml &V, actinomycin D L TIX186.1 + 96.1 pg/ml T
Hote (M3)e wolE), CRRIATH, FLMET 5 =
4131 * 1506 pg/ml, ALFEEET3359 + 936 pg/ml =7~ L IL-1IR1® C EK i lZ HiBiT-tag # i AT 5 2 & I2 & - C,
726 2O ENH, CRRIATIE, ‘ﬂHH@,WpILla@ i PR D T & b X TIL-1R1O B 3% B 12 5
2%, HeLa lICHHB L TRHETH L Z ENHL NI o 72 5720, ZTw W T- 72 IL-IR1OAMBE N BT %
(B13)s INFTOBE S, ILARUIBH ICHKICBET S Lot
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IL-1R1

X5 CR-RI-4IZ
CR-R1-412
WY 2R Lize ML L 723

BT 5 IL-1a & IL1IRIO LT

M DOEBRORFRIFERZ R L T2,

Ho2EZLRoTWAD, /2, ILIRLICIE, ¥ 7 FIvinE
WCHBE TIR KAAL YOMFHET L5012z, Boxl, 2,
3 LV )RR 2SI A AN T B T EFRE E L Tw

HOW, FLTINS FAAL VZIEERDPSHE S hTw

. BRBATY 7 OVETNZEML L 72T R BRECA SR
ﬁbfb\éo NS OFEFEIL, AWTEE BT LHOCTE
PR E 72 5 72,

M2 HeLa & CR-R1412BT 5 IL-1 a D FEH & DE W
ZOWTHET L72& 2%, CRRIAIZBWTIE mRNA L
NNV TIL-la ODFEBPHEHRI N TNDE LWL E
hole TOREIL ILIRIAILla Mz EIZT 2 b

O— )V L TWAHREMEEZRT LD TH o745, IL-IRIAH
BFHEBCHFEGTLLEIMEHFEIINETIZRL, ZDX
7 = X BN TG ERE § 2 LED D 5o

WolF), IL-1a ORI EIZEE S 2 IL-IRIDORHRIC
DWTHETAZEEHMWE LT, HeLlaB L U CR-R14
IZB1T % transgene KR D IL-1 a FEH DOFERFIZALIZ DOV
THEF U720 ZO#EE, transfection 24K FIZIEH L X
NOE =7 HH Y, A8 t: E TIXAFED LN H3ERE S
NLEZEDPHONE o720 LOLEDOR, EEERAT S
fEMZ V), transfection 48H [ £ O I 5T mRNA ~®
#zB % actinomycin D |2 & » THW§ 5 = &2 T, #fa
WNILla 0 f#E 2 B LSS LI L2 22T,
HeLa 8 & OF CR-R14IZ pIL-1 a % transfection L, & 512
actinomycin D Z/EH &8 T IL-1 ¢ OMIEPI5 % g L
720 $ 5 &, HelLa Tl actinomycin DEHIZ, FlgE
WIL-1a DEELZWVHPHERTE 720126 LT, CR-R14

TIEILla DML EHERT LI ENTERD 572, Vol
9, CR-RI1-4|ZIL-1R1% transfection 3 5 Z &2 & - C,
BB IL-1 a REDSEA T 5 ERHENE o720 2D
C L IL-IRIASMINEIC BT % IL-1a 532 RAE L TV 5B
TREME A RIET LD TH o7z, FiRD IL-1a mRNA %
BB 2 M5 T, IL-ARL A5 IL-1 a O #1588 % #iii]
LTCWALHREEENH ), T ORBEITIL-IRIZSIL-1a D54
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IonT SMT4HE12H

nucleus

IL-1a & IL-1R % co-transfection L, SRIEE Yl £ 0 W5 T OMILNBEZ IS L 7zo KENEH 5T 25354 L 72 g N o /N gtk

[T B L VI REREFE CHAREERTHDOTHD &
Z2hs Tabb, ILIRUIFMIEA O IL-1 a = % #i$ %
WEEHTLETFHEEIND,

FIT, EOBBANZALIZE 5> TIL-la DB ZW
fil9 0% W~570, HeLallpll-la B & O'IL-1R1%
co-transfection L, ZNENOHMILARFEIZ DWW THETL
72l A, MBS GBI L CTRIET A /Na kg
WZBWCHBEST L2 D720 —fRBYIZ, MBS

T%&//\?*”*“ﬁ&pi TaTT )= LR LT — b
TV =RTAY FO=)VENTWEY, ZDHL, Ju
TT YV —LAHEHTH S MGI2EEH S 7-FEE Tl
IL-IR1DFEBURIE A S22 N C &2 T E TOFEER

THEEELTBY, AHZALEAHTH L, 72, IL14
mRNA O ZEMIZEG T 5B D& LT, tristetraprolin

(TTP) Lt WIH BT FOHEI M SN TBY, TTP
knockout cell @ v 723 B CTlx, IL-1R1 £ mRNA O %
FEPEIZAT S ZLIERBO ST, Fiko &9 I,
plL-la & IL-IRIZSHFET HMBA T > /S— X 2 b
[[5E1E, TL-IRIDBEFEMIICIZAT R b DL # 2 Tw
%o

¥

AWFFECTid, Hela B L ' CRR14% HW T IL-IR1D K

HOBEBRIZOWTHGET L, DT o572

1. CRRI4IZ B WwW T, HeLa &k b ¥ L C, IL-1a
mRNA OFEBIASETR S LTz,

2. Hela B X U8 CR-RI14lZ 3\ T 12 transgene 1 %
IL-1a 68L&, transfection 24HFfHZICE— 27 058 1),
A8EFHIfE F CIRAS DO L NV S, 20k, B
eI 3 BT H > 720

3. Hela Ti&, IL-1a & actinomycin D 1EH £ 3 E: [ T
308% - CHME S 7275, CRRIATIE, pll-la ®
IR I 7 LNV O R IZ R H e
"oz,



4. CR-R1-4\Z IL-1R1% transfection 5% &, pIL-la D%
fE ISR L 720

5. SEEEHEICT pll-la & IL-1R1E, FlI0 R 4R dE
B L CHEET 5/ MaRigEwIZ B TRBIEL T
720

PLEX Y, IL-IRID & pIL-1 a OS5I G- L Twv
HZENHLENERY, ILIRIATIL-1 a D43fR%E 4 LT,
FIEAXBAIZT Y PE— )V L TWAB I REEDRIE S 7z,

RIFFEDOHERENZ B 72 1), HAKEEBGEE ISR 48 11 e
KGR #8%, HARKF DRSS R EHRERB L O
TR DEREZ TRV /2720 e, S OICER R DR OB &
T 5,

AT LT, BRI NSRS L v,
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B IR BB 12 BV 2 BB 3 X ORI
COVID-19 WATH K 1T L 7o 2%

T2V T B R~
HAKE R B AT E B R T I b n 5 B
FESN S Rl e B T
(g RIS B%, ki B

EE5

[B8Y] 20194E 12 I ECREE S N2l o a7 A L A J&KGeE (corona virus disease 2019 : LLF COVID-19)
e TOEILE AE7-, RIFTIE, 202043 H~5 HIZF CoMM I U e LT, 20234 1 A £ TR
%8 ODKELFATH (BB 1M~ 8 W) AL, BIRRO—BL L TE { OEERE CHEMAS O RLE LRsbk
BEABOFIER EDTbi Iz, RIFFETIX, 20194 4 H ~20244E 3 H $ T 5 4E M H AR K F w2750 A 8 s BHi be &
ZZ LI BE OB 5 N YBE COBERAGNRZ > 2EBFEZME L, BEmIT w22 B L AT E I
COVID-195tAT25 KT L7 B a 8§ 5 2 L x HigE L7z,

[F5iE] 20194F 4 H~20244F 3 H £ CTHAEMOBBRICBI 2 EFTREZAELS G E L, KZRBEBRIIOVWTEFOE
FEZEBLOHNERD 2 008 E0 67— S WEEZ 1T o 720 SERHERIZ20194F B ~20234F F O HH B CIREZ 17\,
ok EER, AR EE TESRYREER, ABREEE, ARFMNERTr 2o s Lz, ABIERIZ2019
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Abstract

[Purpose] The novel coronavirus disease 2019 (COVID-19), which was confirmed in China in December 2019, has
spread throughout the world. In Japan, eight large periodic epidemic periods (waves 1 to 8) occurred starting from
March 2020 to May 2020 and ending in January 2023. This study investigated the trends of patients who visited the
Nihon University School of Dentistry Dental Hospital over the five-year period from April 2019 to March 2024, as
well as the changes that occurred in the medical treatment system at the dental hospital. The purpose of this study
was to investigate the impact of the COVID-19 pandemic on the performance of inpatient surgery.

[Methods] The subjects were patients who visited Nihon University School of Dentistry Dental Hospital during
the five-year period from April 2019 to March 2024. Data were collected on the number of patients seen from two
perspectives: annual trends and monthly trends. Annual trends were investigated from 2019 to 2023, and included
the total number of outpatients, first-vist outpatient patients, and oral surgery outpatients, number of inpatients, and
number of inpatient surgeries. For the monthly trends from April 2019 to March 2024, this study investigated the
total number of outpatients, first-vist outpatient patients, oral surgery outpatients, inpatients, and inpatient surgeries.
The number of affected patients was surveyed from April 2020 to March 2023.

[Results] The amount of patients per year tended to be the lowest in 2020. The trends in the amount of inpatients
and inpatient surgeries were almost the same in 2019 and 2023. For the cumulative number of patients by month,
the total number of outpatients was significantly lower in April and May 2020 compared to other periods. Similar
trends were observed in the amount of the first visit outpatients, outpatients for oral surgery, inpatients, and
inpatient surgeries. The number of inpatients was significantly lower from April to June 2020 compared to other
periods. The same trend was observed in the number of inpatient surgeries, with a significant decrease from April
to June in 2020.
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[Conclusion] Due to the respiratory infection COVID-19, the impact on the number of patients at dental hospitals
was limited due to restrictions on going out and hospital admissions. In order to maintain the continuity of medical
operations, it was considered important to secure human resources by changing work systems, thoroughly
implementing measures to prevent hospital-acquired infections, and administering vaccinations.

Keywords: dental hospital, COVID-19, trend survey, SARS-CoV-2
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Abstract

[Purpose] Atmospheric pressure plasma contributes to improving adhesive strengths in bonding situations, but
it is unclear whether it improves the adhesive strength of multistrand retainer wires that are flexible and spiral-
shaped. Therefore, the purpose of this study was to investigate the removal force between the wire and adhesive of
bonded lingual retainers with the plasma treatment, and to examine the effect of the plasma treatment on the
retention of the bonded retainers.

[Methods] Two types of bonded retainer wires were used: a six-stranded stainless steel wire and a solid stainless
steel wire. Specimens in which a composite resin adhesive for retainers was bonded to the side of the wire treated
with atmospheric pressure nitrogen plasma and a plasma-treated wire embedded vertically in the composite resin
adhesive were prepared. Removal forces were measured by tensile test and compared with the group without the
plasma treatment. In addition, the cross-section of the wire touching the adhesive was observed using a scanning
electron microscope (SEM) for samples with the wire embedded vertically.

[Results] For the multistrand wires, the removal force in the vertical direction with plasma treatment was
significantly greater by 1.3 times than that without plasma treatment. For solid wires, the removal force was
significantly greater than that without plasma treatment by 2.5 times with plasma treatment. No significant increase
in removal force in the lateral direction of the wire was observed for multi-strand wires, but plasma treatment was
significantly greater force by 1.5 times for the solid wires.

SEM images showed dissociation of the bond with the composite resin adhesive on the surface of the multi-strand
wire, but plasma treatment observed to obtain close adhesion.

[Conclusion] These findings suggest that atmospheric pressure plasma treatment improves the adhesive
retention between the wire of bonded retainers and the composite resin adhesive.

Keywords: atmospheric pressure plasma, bonded lingual retainer, orthodontics, adhesion, tensile testing
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Abstract

[Purpose] Burning mouth syndrome (BMS) is a condition characterized by abnormal pain in the tongue despite
the absence of any structural abnormalities. Currently, no appropriate animal model for BMS exists, which has
hindered progress in understanding its pathophysiology. This study aimed to investigate the possibility of developing
a BMS mouse model induced by hormonal imbalance and stress exposure, which are presumed to be potential
factors associated with BMS onset.

[Methods] Institute of cancer research mice were used in the study. Male mice were subjected to restraint
stress (RS group, 6 hours/day) or restricted access to food and water (nFnW group, 6 hours/day) for 21 days. A
control group (Free group) was not subjected to RS or nFnW conditions. Female mice underwent either
ovariectomy (OVX) or sham surgery, followed by exposure to RS, nEFnW, or Free conditions for 21 days. The head
withdrawal reflex threshold (HWRT) was defined as the minimum intensity of mechanical or thermal stimulation
applied to the tongue that elicited a head withdrawal response. HWRT measurements were conducted under light
anesthesia prior to the initiation of treatment and again on day 21 following the commencement of treatment. Body
weights were measured daily from before each treatment initiation until day 21. Plasma corticosterone
concentration (PCC) was assessed on day 21 after each treatment initiation.

[Results] In both male and female mice, 21 days of RS led to an increase in PCC and a decrease in HWRT in
response to mechanical and heat tongue stimulation, as well as a reduction in body weight. In OVX female mice,
HWRTs were reduced in Free, nFnW, and RS groups. Furthermore, in female mice, the RS-induced reduction in
HWRT was unaffected by OVX.

[Conclusion] RS exposure in both male and female mice, as well as OVX in female mice, induced mechanical
allodynia and heat hyperalgesia in the tongue, suggesting the potential utility of these models for studying BMS
pathophysiology.

Keywords: burning mouth syndrome, mouse, ovariectomy, restraint stress
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Efficacy of intra-trigeminal Nav1.7 inhibition for orofacial ectopic pain caused by pulpitis

Yasushi Hojo! 2, Yoshiyuki Tsuboi! ?, Miki Sunaga!-?,
Akihiro Kaizu!, Masamichi Shinoda'-?

!Department of Physiology, Nihon University School of Dentistry
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3General Dentistry Department 2, Nippon Dental University Hospital

Abstract

[Purpose] Ectopic pain in the orofacial region is a known complication of pulpitis, yet its underlying mechanisms
remain largely unclear, and effective treatments are currently lacking. This study aimed to investigate the analgesic
effects of voltage-gated sodium channel 1.7 (Nav1l.7) inhibition in the trigeminal ganglion (TG) using a rat model
of ectopic facial pain induced by pulpitis.

[Methods] Pulpitis was induced under general anesthesia by exposing the pulp of the right maxillary first and
second molars. Minimal enamel surface drilling was defined as sham treatment. Mechanical allodynia in the right
whisker pad skin was assessed by head withdrawal threshold (HWT) measurements taken 1 hour before and on
days 1, 3, 4, and 5 post-procedures. On days 3 and 4, following HWT assessment, selective Navl.7 inhibitor DS-1971a
(low concentration: 134 uM; high concentration: 268 uM) or phosphate-buffered saline (PBS) was injected (2 ul)
into the TG. Additionally, to evaluate acute effects, DS-1971a or PBS was administered on day 3, followed by HWT
measurements at 30 minutes, 1 hour, and 2 hours post-injection. On day 5, immunohistochemical analysis was
performed to determine Navl.7 localization in TG.

[Results] The level of HWT dropped substantially after the third day following exposure to the pulp. Navl.7
inhibition in the TG significantly attenuated HWT reduction in a dose-dependent manner from day 1 post-injection.
The analgesic effect of DS-1971a was observed as early as 30 minutes post-injection. On day 5, immunohistochemical
analysis confirmed Navl.7 expression in TG neurons.

[Conclusion] Inhibition of Navl.7-positive neuronal activity in the TG suppressed ectopic mechanical allodynia in
the whisker pad skin. These findings suggest that Navl.7 inhibition in the TG may serve as a potential therapeutic
strategy for managing pulpitis-induced ectopic orofacial pain.

Keywords: Nav1.7, pulpitis, ectopic pain, rat

(ZfF: HM74H6 A 11 H)

B AT TEL : 03-3219-8122
H AR R 27 27 50 A TR A Rl e FAX 1 03-3219-8341
T101-8310 HEARTALH X FHER M & 1 -8 -13 E-mail : tsuboi.yoshiyuki@nihon-u.ac.jp

93



®

BNARGEEF P A F v 20 (Nav) 212D a¥7
2=y e 2ODFY Ty FTHRENLY, a¥ T
2=y baed— FTEHEFOENI L > THAFHTIZI
fEDOT AV 7+ —24 (Navll~Navl9) FTHRESN
TBY, TNENOGAB XSRS 2 L s S
NTWaBW, B2, 7 hu FMF2 2y (TTX) FEESHE
® Navl.8& NavlZL#E i/ o R ik i = = — 1 >
WHEHLTBY, WRERO(LGEICES L TWwa 2 LD
ENTWVBYY, 7 =% vz RIEWERRETIVIC
B2 EEMEH = 2 — 0 T, TTX FEZHO Nav
Wiz, TTX &% Navl.3% Navl. 70383 258 L
AU TTX &M Na BIRAHIR T 2 2 L o5 &
NTW 59, KIgMRHRG %, MRS 2 ) 724 & [F4)
D REEANIRET = 2 — 1 ~ 2B 1T 5 Navl.8% Navl. 9D FE B
T L, Navl3oZEBIasims 2 —h79, ROl o &
FAREET = 2 — 0 > Tl Navl.8OFH BN 59, sl
RICEY, BEMREE =2 — 0 Y D—DTd b = LR
(TG) —=2—ua Y ZBWT Navl7OZBAIML, 5
W7 074 = 7L S 2 MG SN TWnBRIID,
INHOHFEIL, Navl725fEE SN L 0 b EE
I G-3 2 REE A RIE L T\ 5,

VEAE, NavDl.7BIRIHESEOBRISHMER L, —ifIZmF
SERATFEE STV 512, Navl 7N HLESE TH 5 DS-
1971a (%, ARE s & o M RE SR | ook L CEE
IREFRICEER RN R A R L2, L L, shilgeic & 2 O
PRIHI SIS O ST S 3 2 A RIS DWW TIL, K72
LTI R\ AWIZETIE, BRBEBIC X 2 RFERICE -
THEBESNLORTORMW T 071 = 712K T 5 DS
1971a @ TG W52 & 2 BT O #0I %) 4 % 574 L
PREEZS IR L 72 BT FB SR T PRI R S 1 ouf 9 % = SUME
BN Navl 7o 2 5 2 L2 HiWE L7z,

MRELVHE

il

1. ZELRE)

Sprague-Dawley S2HilE S v + (n =54, 78is, HAT
AT —, ER) REERICHW. B (7- 198 / B
(19 -7HF) B4 7 VOBEETT, HHIZK - - HH2EIT
X LIREETHIT SNz RIFFEIE, HARKRFWFEEFE
BEEEOHELR - FHEOREEE Tbh (KR
5 AP21DEN026-2), [ H AR K BY W EBRE B ] 12
PEo TEERZATV, HERENY O RIS L OV B
DTN L D720

2. HBEEETIVT v b OfERL
Sunaga 5 OFFEESEHEIZL, UTO L) IZHEiR%
BESIEL. AV TNVTy (GBA4%, #MHE 2% Mylan,

PN

94

55 99 &4 2

o

C[]

Canonsburg, PA, USA) WAFKELTC, 7 MV 77 /=)
(25 mg/kg; Meiji Seika 7 7 V<, HE), AFFI T
(0375 mg/kg; ¥/ 7 v 7, L), 34T 24 (20 mg/
kg, AUFABSE, KB %09% 4B AIEK CHEM L 72 =R
BRI 2 FEWEI ST L, B il x i L 72 AR iz
SH/ZTTy PoN— (#1, HAmHEL W) Z2Hw
T, EMAEEKEFKL RS OA LHE & R
TR S 7 (REZEEE) o W EEE O T ) 2OV E DK &
DI PICYHE L 7-#E% Sham # & L7z,

3. HHEH o ARSI E O E

BETESIR ORI & L C, A EEIRAO RS R 5
LEHL o ADEME (HWT) 2HWW, £§, —HD
WilZ16 mm O RV T WL EES cm DR ES L
TIAF v 7 F =TTy FPEEHICAD, "ol
A HTEREZ300HTS L) ICEN &2, Von Frey
filaments (04, 06, 1, 14, 2, 4, 6, &, 10, 16,
26, 60 g, North Coast Medical, Morgan Hill, CA, USA;
45 g lZBEME) ZHWT, TR 7213 sham Wil 217 - 724
WD CIEEEBEZ R~ EE 9 BRI 2 4T o 720 HIBOEEE DS
FIWIIEIC & von Frey filament (2 X 2 BEM il & 1055 4
T5 AT, 1 RITH I T o ke 72 /N OFIHEE %
HWT & L7z HWT O#%E % 3 |47\, 3o HWT &
hEE %Sy O HWT & L7z, & FE 7213 sham ML
1WA (Pre), WiEH1, 3, 4B XU5HHIC
HWTHIZE % iT> 720 723, & F 7213 sham WLiE#% 3 H
HBXU4 HHOBWT WIEZ il TG PEEYH5HiIZ
1772

4. =R (TG) W5

TR FE 721 sham AL 1 AR FT, =FEREMREEIZ TS
B L 720 7 v MEEE A EAEEREE (PR
AT, W) CTHIER, Fah A4 VEFHE [2%] =L
732 (1 :80000) &4/ (>~ F, Wi ZHHETET
122 mliES L, BATREEZ 1T o720 A A (#10, 7 =
F—, KB (CCHTAHSEZE 2 UM L, EEFLZHENL
7o H=a—1L (JHME:05 mm, £& 9 mm) DRE.O
M1 Kubo 519 % Katagiri 519 O FjiE% %12 L 72,
T LTREEDHHI3] mm, FHH26 mm OMEIZ#1 T
Y RN—IZTRED, Hoa—LEFRENSESI
mm F THIA LT (TG) RICRkE L, shFHH
LYy (=77 A, V=¥ —, ) ITHhH=a—
LA EHBEEICEE L7,

FHEE 721 sham WLiEf% 3 HH &4H Ho HWT HllE#%,
Navl.7:# R 19 f 2% ZE (DS-1971a, MedChemExpress,
Monmouth Junction, NJ, USA) @134 uM ¥&iE (low-DS),
268 uM it (high-DS) ¥ 721300IM 1) > Bk #% 7 £ 15 K
(PBS) 244 FH=a2— LA L7231G &% w10 ul



PRI RTINS § % Nav 7R EH O H 1%

NIV vy Y (HAMILTON, Giarmata, Romania)
ICCTGWIZ2 %5 L7z,

DS-1971a ® HWT 283 5 RN R % i 5 2 72
2, %3 HHO HWT lIZE#, low-DS, high-DS % 7-
IEPBS & TG N#5- L, #5305, 1HEfH B X 082 EEfH
BIZHWT 2% L7z,

5. SRRk bt

Ttz 5 H HIC =R ARMEESEIC X 5 & RFE T I2C,
0.9% H B AR TREDIIZ I M 2L S 72, 0.1% )
YERRREW TR I NIz 4% /78T RV AT IV T v FER
(PFA i) CHEREE L7z. HILEERICHM TG % 4
WL, 24FE[ PFA BICIRE L 7212, HERED D
0.0IM PBS THM S 417220% A 7 1 — A i 121205 17
L7 D, TG % TissueTek (27777477
TNy, BE) ICEHEL, 794X AS v N (2T
T ATy T xR 0) IZTI2 um OESI2HY L
PYHEMASI—FRAF 4 K75 A (BRRMT T, Hi0)
WA L 72e TG OYI % — KPR TdH % anti-SCNIA/
Navl.7 rabbit polyclonal antibody (1:50 diluted in 0.01M
PBS containing 0.3% Triton X-100 and 4% normal goat
serum, 20257-1-AP; Proteintech, Rosemont, IL, USA) (2
ACT3IHMRELZ. TDk, ZIKIMAETH 5 Alexa
Fluor 488-conjugating donkey anti-rabbit IgG (1:200 in
0.01M PBS; Thermo Fisher Scientific, Waltham, MA,
USA) |ZZ T 2 B BUG & &7z, kT, 001M PBS
W CHRE BRI 2 H AL, BZ9000 system (F— T
A, KB #HWTNavl 7Bl TG =2 —o v 2 Jl5 L
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6. #EatFIET

WE LSBT HWT A5, ERMELZZ L vk
W\ Z & % Shapiro-Wilk test # W CTHERE L, KD T —
7 FEOTICmR L7z FEONTRNE Pl 55— DU ir
(Q1), =¥k (Q3) #/RL, lower whisker iZ Q1
o/ MEE TR7R L, upper whisker I3 Q 3 2> Sk KfE%
R Tz, A OREMZHMTHIC 7Ty b L7z, 48
O X 13 GraphPad Prism (version95.1, GraphPad Prism
Software, San Diego, CA, USA) TIERL L 720 fKatEAI9mT
|2 SigmaPlot version 14.0 (Systat Software, Palo Alto, CA,
USA) % vy, A E7EH5EIC1E Kruskal- Wallis #5212 THE
ML % 17y, Z 0% Dunn O£ EILEKE = #H L 720
HREKEEZa =005& L7z,

it

e

1. BRI O R E HWT Ot & Navl. 7%
REEDOEH
Wi IEER 3, 4,

5HH, FMoIIEEEEE DR

95

SHMTEI2H

MR BZ 032 HWT I3 s sl 2 58 RE A & i L CTH RIS
BTFLZ (K1), #ERiF /2 E sham LiEHR4HBEB L O
5HHIZ5WT, highDS# 5 4 8 % B & HWT i PBS
WL & L THERIC A L, high-DS #5-i4i
JMED HWT 1 low-DS # 52t & I L THEICE
o 7z (AR il [25% i, 75% M ] TR §. Day4,
high-DS #% - Sham #: 45 g [45 g 45 gl, n =8; low-DS
PRzt :6 ¢ [6 g 10 gl, n = 10 ; high-DS #5-th
MR 10g [10 g 15 gl, n = 11; PBS #5-sifi A1 g
[04 g 6 gl,n=11;Day5, high-DS #5- Sham #: 45 g [45
g 45 gl, n =8; low-DS # 5tk 58 : 10 g [95 g 11.25 ¢,
n = 10 ; high-DS % 5-i#igshE . 26 ¢ [15 g 26 gl, n = 11;
PBS ¥ 5 st 2% 06 g [04 g 40 gl, n = 11) high-DS
%45 Sham #CTlx, HWT OZAbIZ 2 d o 726

BERFEREA O HWT K T I3 3 % Nav]l.7:# R
DR R

HRESISAERS 3 HH, [ o> [IHEER 2 G ~ O B i1 2
95 HWT OF B KT 287z, & 2 CTLRHE
HWT T2k 3 % Navl.7:38 4R 89 BE o 5 i xh R =
M3 572012, HEERER3 HH, low-DS, high-DS
7213 PBS @ TG W#% 53054, 1 ReffEd L O 2 IR 1%,
HWT %52 L7z (K2). PBS® TG W5 L ik L <
high-DS @ TG W#5-305 1%, 1 KA B X O 2 KR 0
HWT 3 FEIZ LA L72s €512, high-DS @ TG W5
3052, 1HMEB L 2K #% o HWT &, low-DS @
TG WH#S- & bl L CHEEICE 2 > 72 (3057, low-DS #%
S eHE - 10 g [10 g 15 gl, n = 8; high-DS % 5- B i 4%
.26 g [26g 45 gl,n=8; PBS ¥ 5-thififi 47 - 40 g [25
g 40 gl, n = 8; 1 Kfif% , low-DS ¥ 5-8a %7 : 10 g [10
g, 15 gl, n =8; high-DS $:5-#i#i 28 : 45 ¢ [30.75 g, 45
gl.n=8; PBSHGHfis R 40 [20g40gl,n=8).2
5[ 7%, low-DS % - sk #i 95 # - 15 ¢ [10 g, 15 g], n = 8;
high-DS ¢ 5- sl 758 . 45 g [45 g 45 gl, n = 8; PBS#%5-
B EHE 402 [20g40gl,n=8),

Do
o B

B

3. HRERISERO TGIZHBIT A Navl 7t —1 >~
HRTERISIEA S HH, BHZDSSE L2 oM TG (12
Navl 7Btk = 2 —a U3 H L7z (¥ 3),

z =

ARIF7E T, SRBERISIER 3 HH L U LIEERE S ~ 0tk
MR 32 HWT O TFH580 b7z, RO E TV
B & WA IS BT L, FOREI RS S
TWAW, R, BRI RS BV TR EROFRHE % 1
I BRI L, Mo O%HR% X35 TG =2 —u
Y OMBRE BT A~ a7 7 — VB HEIN Lz &
Wi shzw, 612, TGIZwru 7 7 — VkiBH % #
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Pre Day 1 Day 3 Day 4 Day 5
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=
=
:
—

Bl PRRESISE RO R HWT 02 b s TG A DS1971a %45 -0 528,

: low-DS# 5 RE% (n=10)
: high-DS# 5 % (n=11)

PBSix5 g% (n=11)

: high-DS#5 Sham (n=8)

12 DS1971a 505 4 I > xR T. #p <

0.05, ## p < 001 vs. HWT on Pre. && p < 0.01 low-DS vs. high-DS.  * p <0.05 vs. PBS % 5-Hifii %> HW T,

5952 LT, HEIAOBMAEHIN 32 HWT KT A
WHlasnsZexm i, T HEMSEXET S
Navl7ME TG == —u Y HoWmB LN TG =2 —1a »
ORFBAREBIZ BT B~ 7 a7 7 — VBB I S
2 kns, xra7 7 —=UOEM LS HWT KT IS
L TV AU EEEATRIZE S LA,
Navl7IFEETHE= 22— 0 VB L, GEEMN DS
DA F v F v AV THY, Navl7TOWEEZLIZRE
TEEBOET T ESRI L, BRELHBEICES T4
EDHISNT WD, RIFFEIC BT, Rl RISREM &
EE TG 12 Navl 7= o — 0 > OB FERZ SN, TG
O Nav1.7BH % 542 513 8 i 2 FE0E 2 O TR~ D B
O3 5 HWT KR 2 i AR ICHIHI L 72, 25
12, TG ~® Navl.7THHESREE 512 X 5 O EH O HWT
TN 2 R DL ERSRe L 720 0 R1L, TG IZBT
% Navl7HHETEHRIC L ) &R S BT EER
DI REAE N & 23 R LT\ 5 o PEH IR FE K
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IZBWTIE, BB EE R TG 12 8\ T phosphorylated
extracellular signal-regulated kinase (pERK) % Navl.7
BHOBMARD 6 N7z LS LT 519, Navl.7% il
FEB S - 2 W72 B\ C, pERK OFFEAE
T CIE Navl7) ¥ BAb2Mede 2 4, Navl.7o B M % 3
YA Z L EINLCYW, ABIRICBWT, B3Nk
HR I O RFTHIEIFIC T S TGIcBITA~vra 77—
R pERK OS5I ABHTH %A, B RISRERZIZ TG~
oifftft~ 707 7 —VRER ERK U Y BR{Lz v L7210
BHBS TC =2 —a 2B 5 Navl7o ) v B AT
HL-ZEick ), OERMOBAMEEREIE SR Sk
Ohb Lk, 4, Navl7o) Y ELA D 72 5 3Rk
ABFNERIIONWT, SO5RIMEHPLETH L,
AR, %< OIS & CEEMZIZB VT Navl?
PRSI X 2SRRI S LT 52, UL, W
ORFINLREES R SN Do FEBEZETIE, HlO T -
WA E LG E SNTEY, BRMIZEICBIT 5 BEER
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DS-1971a
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1 B 1
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@ o

## ## ## ##
2t® ® ® B
PRE 0.5 h 1h 2h
Pre Day 1 Day 3

[ : low-DS#¥ 5 g% (n=8)
: high-DS# 5§t # (n=8)
[ : PBS# 5 iz (n=8)

2 DS1971a ® TG N# 512 & 2 HWT o2 L, & & TGN DS1971a %50 % £ I v 7% iR$ . # p <
0.05, ## p < 0.01 vs. HWT on Pre. ** p < 0.01 vs. PBS #5258 HWo && p < 0.01 low-DS vs. high-DS.

M3 HEEREFEEMN L RO TGIZBF 2 Navl 7tk 2 —a > o
o KU Navl7bptb==2—1t >, A7 —)/¥— 150 um

CIIEEMERT WD, 512, Navl7HEHEOFRHL)
RIZBE T HHRIC BT, EBEFFE TILH40% 73 5 g 1%
PRI 9 % RFAM,  FRRBIEZE TIZA990% A fe e - &
MEZ T LU TH o720 2D X ) 2TehEL, ZEBERF
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FeCH S N7 B EBRIZERNE IS B 5 Navl 7o E
RIS 2872 e FUALAS,  BRRIG SRS OV D 22 2 W IT REPEAS
Do KB, MRREEMERE T VEIY A AW E T
1, MRGESO Navl7 X v £ > ¥ v —RNA L N Lk
TAHE SN TBY, Navl.7h R E &R O FE 12 &
BT RV EATRBENTWABRN, F 72 AFFE T
L 72 DS1971a O 5-1%, M~ 7 A DA F g E
T O PRERE EPELE 1A L CI AR A9 SR AR TR0
LNTWEY, RIFEIZBWTD, BT v hOARHW

B, SRIIEZIR L 2P LEE 2D EZEION
bo EHII, MRISHICET 272012, YRS HED &

DEEZR e T LEPH D EEZ LN D,
B/

TR X DB RISAER A U B TR~ DM 7 o
T A ZTAIR T S Navl 7 TG = 2 —a » o EIizo
W, fTERREIEAY B L OSSR AR L = T & H O
L, T oz,

1. B2 X o TSRO EIZ 04 5 HWT &
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2. BRI X 508 O HWTIR T iX, TG~ ® DS
1971a #5512 & s & vz, 2o HWT T o HH]
RRITREEARATL)TH - 72,

3. TG~® DS-1971a #5305 %2 & L% o HWT K
TGS N7z F 0 HWT T OIIHIRN R LK
HFHITH o7

4. WHERHDIEIE L 728 O R TG 12 Navl. 7= 2 —
o rAEEB L7z,

DEXY, TGIZFEHIE 2 Navl 7t = = — v UGB
EAY HIEHRICA U2 B 7 0 71 =7 23] L 72,
L7223 C, g & 2 R OMM 7 071 =713,
TG W NavL7RHF & O3] T & 2 W REMEAVRIZ S 7zo

RSB 720, W B S 2 THW 72 H AR K45 A
BRI OERE L TE L BWEEER LT o Tz v =
TR =V AD T 2 IR EH 2 LT,
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TWb, TD7z, (nf’?‘(f@‘]’{/l\ VAR ALY L 72 B
EREICEEZE L, TORELXHFEETLZLIZH B, LAL,

REER TR R L THHEEETHRILT 2ER R, REHH
BT LB DS THIET HIER S 2, AR ERE
DOEFITFHETIE R,

)= =7 7 A Vel LRERHEET -V RS~
F—=FTHoLD, v rhvFyrra—y)—77 4 )VIzHEHR
BRI T 2 HWIH 2 =3 L, BERROmRERLEZ XS 2
L AUREIZ L 72o £ 72, mineral trioxide aggregate (MTA)
RSN B G B L 78k 4 e MR R B 2R T B 38 &
N, HNEBRIIRE LR Z T oD, &% BELLE BT T
bo HTH, YA 270 AT—TRa—VE—-LCT R2I0HL7
ML HEEIT E TOAMT, WNEBFEORRIIERE 2R E <
HHL, ERFEEHBEINEWTH o TORETAHIZE S 2IE
BlL L v, INHORBEEATLZ LT, FHEYOMR
EiREE AL, [T I\OD"H‘EHEJ ZUREE L7,

HETR PERR S B TR 5 FR D FEE VD U B e & M 2 R A R S
R LTWBDI i!ﬂ%ﬂ@%%fdi)é#, FNLSDOER E LT
ERALVRATANVADOBEEG R EZ 5D, F71Z, Epstein-
Barr 7 A WA (EBV) d/28—=F v V) UoNE R & o BV E
R =7V ERELR EOHCRIEREREICHES L, KE
RERINERT & &E?ﬁ“’ﬂ]%h“(\ﬂéo

TN T T, WRIHEFIZEBY S RIERLTHBY,
HEIR VAR S 1 vl o EEE@@HJ-#F‘ET%E&&@ES’%TEBV
MHIEEIL T 5 2 &%, FETEL L 72 EBV AVE RIS 4 1
M A VORBREFET LI LR ERHLNIIL 7, ﬁ‘tr%)
5, MG TEL S L% 2 b Tz B R
AW AEGDKE b o TWAIREMEAVRIZ S 1, TE li
WEREICHT 2 INECORNBERE T I L Lo, Kkl
TUE, HER PR w5 A 3 % B AR O F2BE & EBV
B9 2 2N E TOWFIERAZ DWW TIHEL L 72\,
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1. BEH ELOVL2 O X FILEICRIFT HE—9 RS
BORERGRRAGHEST MR & B U 1R iR
Oﬁ@ﬁiﬁu TR, IS,

A 25, ERERU S, KRG L2
F AR KR B TR R o 0 IR R by 6

SESN-SES Rl R e

SESKSUEL R

EESNN o = e

H AR R B 82T

[fikiigi =

KRR TR ¢
ARG IFERF °

H i

PSR A, ERL E BRI, A 0#EET O CpG
AT WALEZEALE 5, ik, REEHRMERSET - T
% ELOVL2 @ X F)U1b7s, £ (nis) J:EEMEEMTW
EHLPICENERZED T DL, —HBMEHIE T E R
HESHDLEEZENTVDLA, BEDSZ O L) RERKEN %
A FWALZAL % TR EIET O CpG 12 T T HEIZ & s &
NCTwiwv, 22T, WMEOHEEL T T L57200FE L L
Tk bOIPEREERR AR (HOMF) @ 3292853 % 37
5B, RWIFETIE = :1% YR B L OEILA L AD
ELOVL2 ® X F WALIZ T H#ZE I OWTHET L 72,

MEB L U5

HOMF % 10%FBS il DMEM ¥ #2512 T, 5%CO,, 37T &
T CHEER R 24T o 720 ARG 11 ) (P11) 3 X 0834 Inl (P34)
@ HOMF 12 100 pg/ml =25 > ¥ 7213 100 uM #EEfbKkE %
WAL, 3 HMBE:# % Mkt L 72 Z D%, NucleoSpin Tissue
Kit # T/ A DNA il L, NAH V7 7 4 MLE %
FERiL7ze Z LT, UTIT A LATMALEFERR PCR %47\,
ELOVL2 ® * F A b= % H I L7z. F72, Cellular Senescence
Detection Kit & i\ C, ZHEOBILIRE L BT L 720

WAEB L UEE

ELOVL2 @ X F)LAt2s, HOMF DA HE I E B3 4
Z L EMFA L. P11 HOMF ~o = a5 > & /213 @R bk
DML, ELOVL2 D X FIALRIZEBEE 52 o7z —
7. EERILAKEE BN 72 P34 HOMF 1281) % ELOVL2 O X
FEERIE, WL R CEMEEZ R L7z, 2, =aF0d
D\ IEBERIL K 2 D L 72 P34 HOMF T, senescence-
associated f -galactosidase {ifi 14 25%F HEHE & e~ C 30 m) %
IRL7z0 DEO#ER2 S, BRLA N L A SO % R &
4, ELOVL2 @ X FI)VALIRGE 2 &2 L & & L GEMEARIZ E
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2. hEERREREHIIZ AV EERIBOEE
OWNIEMH 2, =5 %, RNER 2, AR 2,

AR A, RIEUEZ 25
H A KR E b s Fe R o2 BT TR S A e 2 0 )
AR KA B350 e VR 27565 T iz 2
ERSNCS B P A
H AR # e G o A T E AT SRR T AR ¢
H ARt E A A s A T e AT AR AR 5

HiY

FHE KL EAE RO T, BREEBMETLZET
B S #8600, BRY i%ﬂlf% L E AR S
bo TNETIZ, BERZFXRIEMICBMET 2 2 & THHLED
HmonhThh, i 7RG I & H W B 2 & TR AR
T&5720, WEEZHWERBGEESPIRFIN TN L, K
eI, e EHAEEETHET 5720, 7y bOMkE»S
PRI L 728k Al O 58T SRS RE 12D W TR L 72,

MEB L 0T

ERRIEE T C 5 BB IEYE Wistar 5 v b A S h#kig 2 L,
BEFRALERC X o CHEMIB 2 BRI L 720 WIS, BHTHE 25 H
FMIE A BRI L 720 K538t AfEA 5 RNA 28l LT, oPCR
12 & - T, aggrecan (AGN), typell collagen (Col II), B &
" typeX collagen (Col X) O #fn 32~z T2, 0
BREIZE - T, ZNENoMIZIZBIT 5 AGN & Col 1T 5
HALE Lz, BEFEER T, THEIC4 mm FOFXREE
PESLL B33 L 7-BRE A A F vk — )V F (PCL) & &I
HZEEA (CPCLH#) L7 BHifh THZ &I/ 27uCT
THXRERT R L, FERAH (control #) LM% & F 2
v PCL Rl (PCL #) % ML 72,

FEE B L UEs

PRI L 72 8B B 2HMiE & & AGN, Col 11, B & 0¥ Col
X DFENEH N EDRENTZ, T2, BEREIS D, TE
FEIC AGN & Col II O FER AR H 417z, CPCL #: & control
FETIE, B 2 8 BB AR5\ AR T 257860 & 4
720 B 3MHE 27 % &, CPCL BE AL AL #BH 2K &
i, control #£X° PCL #E & 0 & B KIBEEIMEA L 72, Libo
w2 S, 7y MM, T REREICEH T
BHDHIENREINT,

100

3. EXHBRERELE
BRO®EE
O Zhou Yue'?, ASLE#E S, HHE— 29, BRHIER *
H AR A BB R SRR B L RS s e 43 B
ARG B A B e 2
FACK S B B A BTS2 T R RET AR 0

IS 5 =XHREEHICH T B 47

Hi

SOUMHEIR I, B L BRI SR A AR S 2 R
D—DTHb, FPEDIMEIZ L D=L MR O AE 2 75 A
ThoHLEEZLNTWEY, ZOFEME AN = AL EIAHTH
bo ARWIFETIE, =AM 2 B IC B3 5 2 & TIER L
TZAMBERET VT v M EHWT, S MERESIEICNT S
ZMEREI S B BIF P ER O E 2 E LTz

WaRis

MM SD v N QLM = SRR & 47 A TR I8
I 5% TNCHE, B L Z2WiE% Sham #f & L7-o TNC F 721
sham QUi %, 15250 R 8 ~ o BRI B0 % 5 2 3k b B il
(MHWT) % #ll % L 7z Activating transcription factor 3
(ATF-3) SRy baadetuic X =i (TG) =2 —
U OEEGEFHNL 2. F70, WERTHHE, ZSCMRERICE
I BEFHRERT S A ¥ — ¥ (ELA2) BtEfiiatis TGI2B1F 5
ELA2 & ELA2 % % 1K T & % protease-activated receptor-2
(PAR2) O JRTE % i MARA LA fENT L, western blotting
P CTGOELA2 = &2 Wl %8 L 720 F 72, ELA2 #5913
(Sivelestat) # X OV PAR2 ##13 (FSLLRY-NH2) % TG N
WCHLEZTHE £ CHRfiiixS L, WER3 5 7THHIS
MHWT %52 L 72,

RN

WUEH 3 HHE XY TNC B MHWT 13T L7z, ALiEf 3,
7HHIZBWT, TNC#HTIE ATF3 B TG = 2 — 1 ¥ H3ER
OHNF, WMERTHH, TNCHIZBWTZ L MEE
ELA2 Bt e ERE S L, TG @ ELA2 Z83 & L8 L 726
PAR2 IZW# O TG =2 — 1 Y IZFM L 72 72, Sivelestat
B L OFSLLRY-NH2 @ TG Wi 512 & ), TNCIZX 5
MHWT O 250 S 7z

TNC 2L % TG =2 —u 0, TG IZER L 72iFHhEk
25O ELA2 2SI L, €O ELA22STG =2—1a v ®
PAR2 IZMEH$ 5 2 & THBEBHTH S AW 7 1 7 1 = 7 DS 58E
T 5 A REEDR STz,



4, REYBEITFAINENOEELIBEFIOFERH» 1 Z/N—
YT Re—2TJAR2 ATy TEEY AT L
DYEEEMHICRIFTRE
ORME 12 ERILE 2 AHBE— 4 #2,

Fide Fen, EJIGLEE, BERBIE 2 R 2,
ISR 2

H AR R A o A8k o 2 B 50 S T R 2207 B

H AR EE A TR R RAF 2458 T I 2
H AR ZA A o AW 78T A iR AT JEER M °

B

T, LNV T Fe—=3 727343 —L LTHw5
2ATy THR VAT ADVRIRMEH SN TS, LL, 2=
IN—=HVT7 =2 THE 2 A7 v THE Y AT 2 OFKIH]
IF A NVENOETEAEMEIZOWT, BairyFr 7Rz L
TR OFEEIC OV TEIANH R TS\, 22T, BAhbTy
F 2 TR E WO R S, T AOVE LI o H
IANF—llE L & S IGERME MM (SEM) Bl%1 2
Z L TR EMZ 72,

MEB X Ok

WEVATFAE LT, 22— 7 Fe—3 72 2
T THE T AT LD G2 Bond Universal (GC) #f#H L 72,
XHEE LC, 2=/X—=H )7 Kk —37® Scotchbond Universal
Plus Adhesive (Solventum) BX U2 A7 v 7HEI AT 240D
OptiBond eXtra (Kerr) #MH\w/7z, /2, =y F U 7#lE LT
35% 1) YT v F >~ 7 #ID UltraEtch (UE, Ultradent Products),
WEMLY Ve ) ~—% & A L7 Multi Etchant (ME,
YAMAKIN) B & O 8 % & A L 72 Enamel Conditioner
(EC, BR) ZH 7z, FEEBRICKE L TE, SRaEtr yehsf
W7 v Mk B2 Wz, B A VE % SIC ~—
N— #320 E T 24772 b0k, RUHIZZF A VEE
. ENENWABEMME Lce 7T Fe—Y 7O®BM &G LT
&, Ty F&VVAE-FBLI VT F Y TE-FD2
SMEE LTz RWT, ISO 29022 |2 HE U TS RBT AN 2 3L
EL, 24 REMIT2ICSTIIEE R S 2 e Lze S 518, @ikl
Mo T, TF ANVHMHTE O SEM Big %175 720

B L OB

WITNDOFEMEIZBTOYEI =+ A VEIE, RUHIGMEIZT
B CEEREPE L 2 EMER Lz, IH - RUHFIZJ 2
VEIZ»HDET, WINOEEY XA T A28V T UE 31t
DLy F v THNZHB L TEWEZ R L7z. EC O8Il =) 2
WVETIE, UE LREFEQHEAHREEZ 2 AT v TV AT ATIIR
L7275, KU F A VETIE UE I L THEIZEKWEE
RL7zo MEX, WENOEHII»hbEFhoTy 72 7#
WL TIRWEEZ R L7z 2o oifEid, SEM Goiig
EL—HTHIDTHoT,

5. BEBBMEBHICEBINAFTEIIVIRRY —
Z—DBEFMICE T 2AKRES KOEFRNM
NDRE
OBFELZ 12, 23R 23, HBAsdT 1, @A
MO, il
EES N E 2 Pt g n] e E
F AR A5 0 BB AR A7 2405 T e 2
HA RS B AR A B TR AE T 15 SE o B S 2
FES N L

Hi1

VAR, WNBEEFEBIC B W TNI A5 2 v 7 2R ST RR
MRDPERICHSNTBY, ZOEPTINAFT LTIV I A
AT =T —DERIFE LV MTAYVF o —F— (7 5—7)
BLO=vhFrF Iy —F— BG multi (HARERSEM) (£
I BERTHEAESNTEY, 22003 —5 -0 & LTHE
TOMERESOEZHET LI LT, 7)) —2IRSFIRE E
HRAZEZ 2 ZENWETH LD, ZOREOLEIIL 2 EF
AN DREEIZI S 2 ENT W, KIFZEO Bigix, i
LIRFILCTIER L 72 g Mgl c S0 & 9 ew#Bix 52 5%
PEPSPIZTEIETH D,

MEB L 05

BEBEAEHE MTA < VF v =5 — (DUF, MMS) &L =>%
FyF NP —7— BGmut (LLF, NBG) T, xHEHUE L L
T ProRoot MTA (Dentsply Sirona) % fiv 7z, F72, fEHM
i lE~ o ABHE G R RLE S ML T 5 MC3T3-EL il %
w7z,

MMS 383 1: 1B L 021 o %M412CREM, NBG X
NR=Z N/ F—FHwElL10: 0B LV 10 : 6 DEMI TR
L 72o ProRoot MTA 3 #5EE D3RRI IZIRM L 720 N5
ORMYEER9I mm, EX 3 mm OFWIZEAL, 37C, #
X 100%, 5%CO: D54 C 24 BR & E Lk S, «a
-minimum essential medium (a-MEM) (23 HRREL 72
Z D%, MC3T3IELl Milux &M L /- 2H 7L — b Lo
cell culture insert |ZHERHK ZHE L, HABLHELZWVD
OFBEMEa b= e L,

FEBR 1. BEBGRAR AT SIS 3 5 R R BRI IC DWW T,
Cell counting kit-8 ([ AfLZ) ZHWT1, 2BLXU3HHED
Mg x Mg L7z,

FER 2. REBRGMICBT DB & b T 2 Ca®r i
fE#% Calcium E-test Wako (HIDGHiSE) ZHvC7 HHF Tl
E L7

FER 3 RERELMIZBIT S ALP &M % QuantiChrom
Alkaline Phosphatase Assay Kit (Funakoshi) # /W <T7 HH
 CllsE L7z,

mREBLUOER

MMS (& ProRoot MTA & [MFEED Ca* i L, Bia >~
hE =)L & FAREOMIBEB L O ALP EEOMINZ 52072 2
E S, MMS E RIS D & 35 3EHINL O 3E0E 12 522
iy — 5 —Tdh DRI RIE S N7,
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6. RFMEHFEERIT/NANOX TN A S
RDER : H——HEMEUBHILS T LA b
(Biphasic Calcium Phosphate Cement) DO¥&IG
A
OFF EBALY, GOk, B %, Rl X2

H AR EE R e 2 W e R o 7 B S0 R 2745
A A B BB 2545 Tl 2
A B 0 A BT R SRR JE P

HiY
YA YA VY A X v b (BCPC) 1F, F—kr
TWIZa-) YEBZHI NV LB LY VBRIV Y T ARGy
WE®LZET, WIS FOFTTRY A b (HA) %
T 22 E T 5, F0720, HA RSFE@ICEA T 5
ERTHE QY IR ESE, o O ERE N L <o F A AL IRAERD
PR $T I EHMESNTBE Y, BCPC DI wikiE ORI
9 B R R AE BBUE S T A iR L e VD L E
A 720 F T TARBIZETIX, BCPC A AT 5 HAICX 5w L3k
TR HE O EAYESVE 7 B A TR T IEMEE (SEM) 12
LB L, SFEMEBBUERTIM & L CoF kxRS
HZElrHME L7
M B X O
O
Powder BCP #K (Median Diam 82 um) +15M 7 T~
3 M1) A
Liquid 25M BEPEY Y EES V7 AT
@l O7ER
v THERTEESEE R T EEE TV ) v — (MT 10, &
)& REBEAAER) B L OHBUHIH (Buehler Minitech,
Presi) #H\WT, 4 x4X1mm®d7ay ZRICHEL
2o TO, MK 3= H =31 b= —#800,
#1200, #2500 ONETHHE L, #EWEEE LD DERF
MEBITET L E LT,
(3 BCPC D #Ai
BCPC % 10 #iR M2, 30, 40, 50 3 & T, 24
Ty [ K PR 2, SEM 8142 (ERA-8800FE; Elionix) #*
1o/,
@ SEM %2
WA B £ ORIHE T I EIr L 2o 2 g L, &R
TV B 2 5P L 72
B L OB
BCPC o&AilZ & 1, S ME LML HA FRiG s REEIC XD
BhHONTBY, BAEGOEVIZEZEEIFED SN Lo
7o MEMTIHIEEE T, SAMENIC BCPC 25&E L, HA fRil
WEREIC L B 7 FHEEATR SN Twie, Tabh, K
BHRLBCPCHA T+ v a7 hENTW AW Eh5, [
BERBRBE T 12 BV T b 258 L7z HA B S o 4l v n) g T
HoHEEZLND,
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7. FGF-2&Ma5—4 > 4> T L > OEiERREN

DA
OWE 41, mlEHm s, b, Hrrsails
e — 2

HARKEA R BE b7 78Rk 8 2 S50 I VPR 7203
FAR S B 2 S R A o575 T e 2

H AR EE A AR B R U AR 7

HARZE R AR & AT 7E0T 5 Sebin B JE g 4

B

LA, KABESAOWEEA 75 v MEREISET A AN S
{TpoTETWh, LALBAS, HEHEOBRMSIINIC X
D, 477y MBI ELFORERLEEIANEL TS
Y% CHAET b o BRI S/ NRICHT 2 5 72D 12 B
PARAFAT (alveolar ridge preservation; RP) &\ 9 i RAs %%
ENb, RPTIE, BEHEMENY T XA TL U SN,
REHRNYT AT L ELTAT=F AT LY
(collagen membranes; CM) %1 5 1L T\ %, AWfZE T,
F v b O EFEE AR O A TV, BRI A A e dE
¥ (basic fibroblast growth factor; FGF-2) % CM (Ziishn L7z
FEL=y b (CM/FGF-2) ZISH L, b OHEICRIET
BEICOWCHET L7,

R & i

M2 R 7 v b (F344/5cl) 8 M x vy, LEsE—F
DWW EAT o 720 DO ADEEE control TEE L, ks %
CM CTHiE L7-%% CM #, CM 2 FGF-2 # &= 05 ug
ML 7-#% FGF-2[L] #, &M= 20 ug®minL 7-# % FGF-2
(H] #E LA 72, CM & ikiEfe, RK) 7ol vk
THEEITo 7 EREMM 3D ~A( 21 CT (v 4121 CT)
R, Ty 7 AR GRS O BSE & B IR
OFHAZ M 4 WE TORBBEICBNTIT> 72,

i

it 1, 2 #81% control # & X FGF-2[H] #:CaHihaE LA
RN E ROz, 72, itk 4 B CHEMANT O A& X control
ML LT, CM B, FGF-2[L] #, FGF-2[H] #Cipfl s
n7z.

e

CM/FGF-22 Z ik #E I T2 2 & T, MirREMIcBIT 5
R OB REDSF20 S, G ORI ZIHc& 5 2 &
PRI S A7,



8. 5v FFHEABRBETINCSHT B BMP-2 HMI
S—HFL AT OBERICRIETHR
ORHMES, TS, R 51, FHEHS,
e —

H AR R B AW ek o 2 S B0 IS T R o7 B
AR B 2 S R A o575 T Rl 2
H AR A IR G AT el e R JE R °

B

AT MEEADOBEI 55 3B g 0= SR L7
RIBIRNHK T BB A >~ 7T ¥ M G#ECEETERE D« et
T LMD Lo MHIZAN—ADMERE HIYE LTNY T A
YTV YRS AmAEDH Y, ToREMELTaT—F
A 7L (collagen membrane; CM) 23HIHNTW5, FA
DIFFE 7 NV — 7 TN & ) CMAZAER L EMO 2 EUR
FEHEMTAMELEL =y NEER LI BT, hiflE
AR O 7 5 UEE L A TS 2 G R s O L2
PEEFRLCTEe £ TRMETIE, HoWERNTFTHS
WL & > 7% (bone morphogenetic protein; BMP-2) % CM
ilimL 722 =y b (CM/BMP-2) Z## %L, HIZkIT
FREIIOWTT vy MIEHAERIEE TV E HWTHE L7z,

AR & i

MRS HR T v b (F344/icl) 8D THAM I, P40
mm®» L7 7 A N=TFHAERBETNVEERL, K
H o A (control #), KIEHA CM TH E (CM#), CMIZ
BMP-2 % & 05 ug @0 (BMP-2[L] #), ®H® 20 ug
whn (BMP-2[H] #) LBEEL - 482500 720 EERENH
3D~A 270 CT (4271 CT) 2L 5Ty 7 AR L
HE $ill X 2 MREMRHIZ, itk 6 MICB W T To 72,

R ey 23

Ty 7 AMFMEIEE S, S, control B, CM B & L L,
CM/BMP-2 B CTH /KIBEBICHF A O T E LT RO/, T 72,
BMP-2[L] ¥t & Wik L 72812 BMP-2[H] #0523 RIBEBIC &
R O A % R0 720 MRS IFEG Tl AR EE 2 R34
B IEO SN h o7z, b, CM/BMP-2 i i ik
ZREE AT 2 EAURIZ E N7z,

i i

CM/BMP-2 1%, control HEB L U'CM B & LKL T, BX
IR BRSO T2 O 2 e s, HEERL= Y b
ELTHSNAWREEDE 2 55,
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9. PRI MIIO FGF-2 RERICRIFT LIPUS #I
BORE
OMBIZR 12, MFHAET 2, HMFHH 2, I AT 2
EESS oS S b e R i e
AR K 2 2

H A REEH A ERAE B i A I8 T RAETERESA 80 °

B

Low Intensity Pulsed Ultra Sound (LIPUS) (&, & 3FHlia
OWREX BIGLT 5 2 L o FIEH 2 SICERRICH S hTw
%o 72, Fibroblast Growth Factor (FGF)-2 IZER T 1
DOTH Y, HARMMEFMR ESA T 5 FGF-2 Lk FMMEO )
ET) Y IRAGIGEICES T2 2 LN T D, KRIFZE
T, VT TICHCSNDRIFERH 2 S LIPUS 385 58
Btk 7oy (BHWEETIY) OFHZEELT, HABHESE
Mifg (HGnF) 2 LIPUS #I# % Nz, FGF-2 %3 KIT T
BAM~Tz,

MEB L 0T

HGnF % 6-well 5538 7L — ML, 2% 7 ¥ IR E M,
1% FEHEFMBL Y 7)) 2 ¥ P B L O 1% IEWE T 508
WTHAE L 720 MYy 7V MCELLKEET, F 27
Fhar VO (HEBEERRAH) ORIRREEET L — MK
HIZTZ IV ENLTHESE, 3545, MiEc LIPUS FlE % n
Z 72 LIPUSIC X A HlEscth i, BEWR 77 > (FERE
WA StL) oA S LC, M 15 mW/em? W15
MHz & L7zo FEA S 12 By BT L 72 MR 3 i b o
FGF-2 % v /37 % %, Western blotting = CTHll~X7z, 5561
728 28Ny Bid, BIgENT Y 7 2w THERLL 72,

MR B L UEE

Western blotting (%128 W T, HF&wm~—H—D15~31
KDa flfic#ie b FGF2 Pk L 2 R 3 E D & v /87 N
YRR BN, T, INHDY 3TNy NIk, KHG
DML T LIPUS fill i & 2\ 72 Mg lc B W ChR G 5
n7z,

FGF2 IR FREETFEDT AV 7+ — LDMFIEL
BiEE 18 KDa, %1% 22~34 KDa O Fm & HEE S LT
bo Tz, ARG TR O FGF-2 (LM /s, MEE Lo
ZHEMRIHEET 2 —FHT, BOTEO FGF2 NIRRT
LI EFMOENTWED, ZNHEDMAERIFIEEDOK TS, B
Bk 77 > O &% L7z L X)L o LIPUS ofilEig, K
STREEESTEOW O FGF-2 O3B 2 FHE L, AR
MBI DOBRBEI B % TS REVEDRIE S 7z,



10. ZXOFHEEEFICH TS TGF-B3 HLVFGF2 D
Cross-talk (Z 2T DfERA
OfERg i 12, S el B R LY S B
H AR SR AF Bt 2 WE 28R SR BT PR B R 2 o0 B!
AR S R BB E
H AR S A s =W ZE T BRIRIEZE

357!(47%2

s

B

Transforming Growth Factor-beta (TGF-8) &, —~ikI1%
DOIEFRA L2 (Medial Edge Epithelium: MEE) 258\ i (s
FRB2RTIEDPHL P E R >TETWES, TGF-S 3" mouse
TlE, MEE B EFEAESTHHFRE L LI ENMONT VD,
—7J5, Fibroblast growth factor (FGF) ¥ 7 7 WAZEREK L
7, OFOREIIBWCEELREESH LI EPFHLNE
%o T&TH Y, FGF2 3 LB L Uz R O M IR
CHRHL TS, LaL, ZTIRKOFBAREIZBIT A, TGF-43
B LU FGF2 ® =i £ N D fE % knockdown 3 & U double
knockdown L 7z ® cross-talk 12 2WCid, T3S &
o T\, RIFFEHMIE, RO organ culture |2 &
D, TGF-$3 B LU FGF2 O%HE % siRNA AL T single knock
sown B & " double knockdown % 17V, ROZHBARIZE
7% TGF-B3 B £ U FGF2 & @ cross-talk signaling @ 7l % BH
LPIZTAHIETH D,

MEB L OT5E

ICR (Wild type) ¥~ AD 4 13 HH (E13) & k13
AR L, SRIOZBOHERE X 1T Control HEIZ DWW T
control siRNA, knockdown #> Wi, 500 nM @ TGF-43,
FGF2 @ siRNA # & A L 72853212 T, 37C, 5% COgair
atmosphere O BE 55 T CTHi 38 % 17 o 720 By 22 Wy ) (& 24 B5 ]
(E14 /%), 48 WM (E1540Y) B XUV 72 Fi (E16 /Y ¢
3T D) iT“Culture L7zo EREBICTELYB LD
E13+24h ® MEE 128155 TGF-$3 8 £ O FGF2 & R [ZE 5
H, mRNA B DWW Tld real-time RT-PCR &%, % v /3738
2DV Tl Western blot 12 & 0 3838 2 I LIRET 217 -
72

BB L UE5

Control #TlL, T2 B O ROFITWA L TW729,
FGF2, TGF-B3/FGF2 @ siRNA iRIMFEDO VT NIZB W TH
ARIED L IImAARET A LTz, TGFB3-FGF2 @ Cross
talk 122 T ix TGFBA3 % knockdown L 7B ® FGF2 D%
X EH L, siFGF2 % knockdown L 72354 Clix, TGF-f3 D3
HUIAZIZIML Cwize LzdS-> T, ZRAFRERICBT
% TGF-f3 B L O FGF2 X ZNZENHEIWP T 5 & H\ 5
H % rescue T AHITRIB S NI,
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1. #EEHERN) 7— d’ BEERICBIBZARETS

TATNEBHI AT 4 /71‘1/-)\1§(~_Z‘LCETE’§
[C2WT
OSMA A 12, ANFET 12 ANRTEAR S, KiliFEZ 4,

MR ZRGL 28
BNy NS s 0 Pt A e s g SR e e o
H Kﬁiﬁiﬁﬁuﬂ%ﬁ:%ﬁ%é 2

HARK S i e & s 78T BRR
H AR ﬁﬂiﬂ.il%p%
HAR 20 A o AT e

RIFFEARF °

AT Ak AR R °

H

PRERFICEEATELH Y 7 — F — 25— EBIBLEE L 7235 & O F#5
2DV, KA T 7 A~ AL )SELEE L 7- 854 & i & O
BRUICTEIE S 2 B M D8 AR AT 8% Mst L 72
2B XU

SN, KBS #£800  THIAHIE L 2 4FH T - X VY
FHiE TRy ML Yy 7ay ZFEMEIIZ 50 gm, 100 um,
150 um O 7 — 7T E#NESEHBEEEY, CHZ 7 v 7 TRE
LB L7 79 A<IBE#ICIE, SRV ATIAEY %2
DOEBIZ 20 AT 5720 ZDH, BEHEIZT VAT Y TL=
N—=H VR K (RTyF KR, 3M) % RHBIC®Am, RE
KIS 2 i L 72, MERR ORE % 37C OHHEAKHIC 24
MeiE R, I FANVEEI Ry PL Y U EDEEL
7o JEEHEBEMEE TR Y 714 v OB~ OF A S X OTHRE
ZAEL, oA E oY ya— VB GRESE) ot
#1% Mann-Whitney U test T, [ F O JE & ik Kruskal-Wallis

M54 Steel-Dwass test |2 CHEILEEF 1T - 72,
WRBIOEE

TR TIE, gy ra— LB REL, Ky Fg v
T OB ABEEDROK 28 1%, R AMR D RK 4.1 56 =128
mL7ze F72, BABEIZOWTIE, 100 gum & 150 um i,
50 um & LA (p<0.05) IZKED o720 TS DR
L, TIAVMBIZL ) HERIBLOTI VYR MLV VO
KEPLEEN, KT A 2 TMOEE AR L 70 jEMEDSE
Z bz,

i i

KWFFRIZE Y, 79 A< IEEAEE T 7 — ) — O
HEE, RMEE LY v EOMICESEMZIRZASE LA FET
HHIEPRBEN, BEEL TR WEBRERRET LTS
&, KRB OF 27 54 DM HFG T ATREME 2 R L 72
Stpi, B DEEMR, HWARIZL LTI A< E ORI
DWW HIRETT 5,



12. &Y FHEERTESESIVUREEICRE
544
=
O/NHBEER 2, R 2, BB T 12, kB
H AR R A A e Rk s 2 B 0 IR e 220 B !
BRSNS St iz e
A AR A RIS G A WF7EmT BRIIZEERM

Hi

V= F (RA) &, BAETOPE LW B HIBE, B oEh
R EOFERPEF IO N, EFOBEICOEEL NITT, L
PL%S, RABEICBITAEARTREEDIREILT75ICH
LI o T\, RIFFETIE, RABEIZBIT L EAHT
BEOFIEL, ZNOFAFERLETEMICG L LHEEZHS
MIZTHZExEHE L7z,

Tk

2024 £ 9 H~12 H £ ¢, LFENIZEEDEEE NS I2T,
RA LW SN NER 185 4% M RICHEZ FEM L 720 T
FOEHIE, 48, PRI, BMI, RABAEMIM, BfER X OuEZ:
DIER, BEFHOBIZKE > TWAER (o2, HARDS
v, 825, BHRE0Z (BUE - FER - IREE & o
), fREAA L, EEPIRDL BEHERE, RHURE, SEmESL
L7z

P

A% & O3 4ERE 690 %, MBARERITTIH1634ETH -
720 BMIEDEFHOBIZW > TWAREIRE LTIE, [HITHF]
(181%), EEMZ%4] (167%), [T 5] (121%), [HGAA
S50 (105%) AREICBIFSN, BIEOASERIZ, RA K
HEREL % 100% & 32 L T1011% (P>005), RA SR
% 100% &35 & T881% (P<005) THhotze Tz, B
TED BMI X 220 kg/m? TH V), AREIZZEIERT & D &1
T19 kg4 (P<005) L, wmEMEHE LD E 05 kgl
(P>005) LTw/z (WEFNLRIEDOH L t RE). T2k <
12, BHOBIZKH > TWAERZFRZ AT, EFEWML
LTV DEDRLWEHANZH - 72,

fohia

AWFFEIZ L), RADTEARR TR EEFRICHRE L RITL,
AEERLRIFICE G T 5 HEMAR Sz 58, RA R
H OB AN TR E LERIRG, R, R, SEREES L
OBEEEZ AT L, RS RA I3 28R 2 A1
DWTHES T 2 LEDH L,
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13. 5mol% 1 v b T7HARELIIIAZTDEH
PLTOREFMHEDEEMAMICRIFTHE
OREEfG 12, S B2 mHESE? HiitmrsE e
PR 23, /N 23
H AR SR BE vk AW 78k i 27 S5 00 6 H TURERL o747 !
I AR S A0 kR A 7 415 I e 2
H AR e A s T e o B SE i e e Fe i Y 2

Hi

5mol% A v M) THEH S EET Va=T (5Y-PSZ, DT
PSZ) DIEHRDS, PSZ & LY v REEEME & DA ALK
I FTHERFMET AL HE L,

MH B X 07

Wik & LC 2 B oRR 5 IERDPSZ HIEFEH (EE
110 mm, /E 20 mm B L 25 mm) & EFEDEZL S PSZ
MIZER (B8O mm, E X 25 mm) Wi, §XTO
PSZ M & T 12 %k LT, #600 O i K fiff B & TR AR BF I £, 0.2
MPa OREEET 10 #21, B EA 5 OBEE 10 mm T7 b 3
FTTANMUETS 20 TNENDIFEAD PSZIZxF LT,
OF 27 NVF 2 T7RL YV REEME - Ll H ) (DT UL
40), QEHBHEH a2 RKYy bLY Y kBHEH Y (LT
CMA40), ®F a7 V¥ 7L Y v REEME - BIRE %2 L
(UL0), WfbZ#EARIL Y 2 RE45M 8 - BIRE%2 L (0P-0)
DAGMTEEZTo 72 BAELZ250EHE, 37TCTHRAKHIZ
24 R L, BB BRI LT D R L 3 3R 125,000
%17 o 7. 20K, JTRERFHEE W CEANEE R %
10720 F AW RERR, BN 2 FREMEE L L OVERR
THMBER TS L. 72, MBI TEL Y
VREEMEIOEGHROME (X—THS) il L7,
BB L OB

H 0 SR LA ERERET O UT40 B £ I CM40 12 B\ Tid, &
E20 mm BLU25 mm TRAMFEERS ICEEEITEDS
NHo7zh, YR UWERREZ T, EE 20 mmA°25
mm &L TAHBICEVEAREERS AR L. T2
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