LM 351 % fractalkine/C-X3-C motif chemokine ligand-1 35 X OY

CX3CR1 O3B & RIE, HMHFRIZARIT T 5 2
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M REII R R S E AL, JE DA & O EITAR R IL DI & D B 72 22 [
ZH 0, REERDEE SN D LIBEEERSE X 12 < <, RAalgtkofiE % 7z &
D ENZ. RIEWE O THRITAEEEICE S THREFICENZ & BB 5Tk
STHEY, WHRAFRIEOMENED LTV D, BIETIIKEBL LT T A
HIFI <> Mineral Trioxide Aggregate & U\ > 7= /L3 7 W Tk & U= BB REAI A
R THWORTWD., T B3RO 2 e L TR ICR T 5
B @ < —J7C, BiEE NCEREE AR L, WBOEEAIR TS5 2
LR, RIEDE X T2 BRI DRI &V D BER R & 5.
fractalkine/ C-X3-C motif chemokine (CX3C) ligand 1 1% =1 4% PN BRI B (2 F8 5]
TLHTrENALTHY, TEOLET X —ThHs CX3CRI LHAHTH I & TRIE
MR AEIR T 52 ERNMOLN TV, IHFETIERIEL T TR, KIGAIEE
BRI~ — D — 2 BB 5 Z LB ME SN TS, Zhbo®mENS
HEBEFLARIZ I T Y fractalkine-CX3CRIERAERFTZ 1T T2 <, RIERL DIEHIC B
BGLTWD AN & 5.

AW T, Bheh A A Lotk Ee & 7o i BERE R O sa g kb 7t ks
W T RIEMI DR 2780, RIENER STV D EZIZIRF L Tt fractalkine
PUAR, HL CX3CR1 HUIRGIE O i BEARAE il 2380 72, 7z, skl
UWCIL-1B, LPS O¥RMNZ X ¥ fractalkine mRNA, % L /X7 BERENED Hi, &
51T fractalkine OFRMIZ LY COX-2, PGE. ¥ /37 BB BTN L=, £7-
fractalkine DIRANT KV APKALAEETI DL, BMP-2, Osterix mRNA JEHLD L5
dentin sialo phospho protein (DSPP)# > /X7 B3 BLED 57 %58, DSPP # /X
7 EA~OFRIE CX3CR1I OFLEIK TH D AZDS797 IZ XV Ml &7z, & Mkl

FHRE D RIEERAIIZ fractalkine/CX3CR1 23 FEL L TE Y, RIEMY A b H A 0



LPS ORIEIZ LV fractalkine mRNA OFHEITMRESNDH Z &, COX-2, PGE:
BRI EEEAT DI ENDLHEBEROEITIZEE LTV 2 AIREMENRIE X 1
7. £72, b MHBEESEEHINL T BMP-2, Osterix mRNA O¥EH, DSPP % /37 &
HUEZREL, SOICAKMEEORRAIRES T2 LD, WEEOm
IRIZ B RS- LTV D ATHEMED R S U7,

[#=]

IR IZ IV THRREBR i IC BB BE L 72358, BB IS RIECAI B L 23 4E © T
D RIREMEN 8 2 2, HBERREFRIE Ch DBENEINIC /2 5. Lo LEREIE, T
U A7 O ERSCUEBEO B, BYHRET) AR T 5 2 L ClEaR A 5 v
CHETTLERMEDRH Y, HORKZIRSELHRRAICLDEEZLNTVSD.
DD, TEHRTEEBEMAZ L, MBI HEELRTFT2O0EE LW
EEZ BN TS, BUETIXERREE KB L2 7 L8> Mineral Trioxide
Aggregate &\ o= LT T AR ERE U EBEBRAISER THO LN TV
L2 2B IR O AR A R e L CERBEE I U 2 IREIc@ < — 5 T,
BRI 2 TR VA ) BrEE IR0, ERRETHNIE T IZEESEIE 2 T Ak L B il O
PR T S5 2 &R0, RIEDE X 7ol BEARRK 6T D BERITR N D &y S ]
R 8 5. T, WBERAFRIEDRR ST — 7T, RIE# I3 2 dBEfR
FIEIIRISHESL L TR WO RBUR TH 1, RIERFO BHEIZ 3517 2 MfafeE
HARARENELIREN TS, 2 OMBESZ RS 5120%, RIEROHM
NOFFEZ R R T2 & & b, AERERAMEDRE <, BB R 2RI 7210 T2<
RO IIEICK L TH T P u—F325 2 LD TE 5 HBIRFEIEA ORI LE
ENHEBEZXD.

—77, PERDBHIE L TR R DV A MO A REEE bW ) REEREEDTF



HERHENTWD Y A b UA ZEHERGT 5 2 &I K > TIPS, 68k
TERGHIE 2 TR L U, MR 2E 2 FERRA IR L CW S HIETH 5. BlfE, KA
R B AR RIS B O C Ul B ARk o0 8 B4, FiasssE & M43 5 B Tl
TR A 2 LR BRAE E RN AR 7 (basic fibroblast growth factor : bEGF) 23 [
& LTRSS, BIROGTRIH SN TWS Y. w7 20wk T
IZ MTA (Z bone morphogenetic protein (BMP) #&H &H 5 &, W Ak Ok
oD BRERORSIHENMEE S ND Z EDRME SN TED 9, KER %5
ML THOEBEBDOIEMALAZRT A M A AA3FHERANICA H Th 5 mHE
Pz R LTS,

fractalkine/ C-X3-C motif chemokine (CX3C) ligand 1 1% =\ iEMEAb 48 PN Bz Al
FIZRBT D7 EAA > ThHD. fractalkine [IME—DEFESTLrEHh A L THY,
BN T L UTHEET D 2 L3RBTV DD oM ik R T 5 720
Wikt 7 LF oo T 7 ) v nWo T BEES FIC Lo Tl E 251k &
MBS DAY, BERE AR fractalkine | DZRIKTH D C-X3-C motif
chemokine receptor-1 (CX3CR1) & OfEG S OAH THilaEE L5l S Z 92 &7
HOMNE 7R TR, BHZMISENAIRETH D & SN TS 89 Z ol
72 BORS I B B % D B MRS 72 BRIAE R & AR AT 0 ) 72 95 RE O R I LTS O < AT REE
W%, BUETIIHEREE OWAME T L REDER SN 10, v v 20T
TA N7 U TR CRIEVES A b B A I & PGEPEE % 18 U CRIENEE R &
W35 Z EMHLMNZRS> TS I,

UT4E fractalkine-CX3CR1 IZRIE~DREG 7213 T/ <, 1nfmls &) < rrREMED &
H SN TS, CX3CRIIZHIFHFED TR 2 T — 7 UL, BRMEFE R O EFE,
I8 B A 2 ek L, fractalkine-CX3CR1 A7 AW JEAMETERIZ 3T 5 1 & Hr

AT 4 s LTHIES 5 TR 6 5 Z LS ST S 12, i



FEAR T ORI & X BE AR AR RBICR 2 7210 T <, IEE S AR AR D
L, AL ORI AR5 Z & 209 0, EEG T E ARSI~
RIRR RS S, EEEEERIC T D EEDORIEITEEI R A NI A R0 AT 4=
— X2 —DEE L VAHRREEZ LT 5 eetEr & % — 77T, 8 O RIE Tl
FRRERSIE Z 5 L O@EDRH D DT b, RIE & BRI 1372 B
BRHDLENZD. ZDOHWMEN DRI IC IV T H fractalkine-CX3CR1 (%
RIERFIZNT T <, RIEEROEIZHEG L TW D HREMERZ X OIS,

AWML T, thfEFARIC 51T D fractalkine DRIAE & 1B~ D B 5 (2D CHERR 9
5 HMTE BRI 1T D fractalkine/CX3CR1 O JF7E, b b H iR EMIRIC
1T % fractalkine © COX-2 JEHl, PGEEE & FEARARIE FCRE D BIEIZ DV T H
L, BEta T 7.

[#18F & T71E]

HARKZR T & B A 0K (KRB %E 5 BC22-21-20-19-19-003-4)

WD E T o T2,
1. g i)

H AR K A8 7 B 5 A RIS L IR IR D 7o OV RPE L, FEIEFHIBEH T E S
Iz 20 DB OH— /N b BRI L2 il 2 PBS THorIc e
L7221, 2 mm A1 L, kA % 35 mm culture dish ([ZEFE %, 10%F0R
I My (foetal bovine serum; FBS, Sigma-Aldrich, MO, USA) , 10000 units/ml
penicillin, 10000 pg/ml streptomycin, 0.25 pg/ml Fungizone (Antibiotic-Antimycotic,
Gibco BRL life Technologies, Tokyo, Japan) % %5/l L 72 a-minimum essential medium

(a-MEM, GIBCO BRL Life Technologies, Tokyo, Japan) % H T 37°C, 5%COz, 95%



SFH TFIZToutgrowth L, 5~9 AR L7=b DA b Mg Mg & L THW .
2. total RNA D H

FRLORFEREMFIZTE B EMLA 10 cm culture dish C 1x10° {li/dish T
PR L, AP 24 WERETRTIC 1%FBS & o-MEM (ZASHL U7, fEfilig s L < 1% IL-
1B, LPS, fractalkine (& 1= 7 A /L L F6H3E, Osaka, Japan) Hli% O & b ks 2%

FHE D total RNA % RNeasy®Mini Kit (QIAGEN, Hilden, Germany) % V> CHhiH
L7~ 551724 RNA OFEEIL, 260 nm & 280 nm D k- THIE L 7-.
3. Real-time PCR £

Total RNA, DNA primer, One step SYBR® PrimeScriptTM RT-PCR KIT II Perfect
Real Time (TaKaRa, Shiga, Japan) % V>, 42 RNA B LN DNA 77 A v —
(fractalkine, BMP-2, Osterix, GAPDH) % #3/J1 L, Thermal Cycler Dice® Real Time

System (TaKaRa) (2 TiTo7c. EBIMEH L7727 T4 ~—% Table 1 IT/R LTz,
42°CT 597, 95°CT 10 PR G IS Z T T DB, BVEM% 95°CT 108, 7=
— VT BIOMERISE 60°CT30 D2 27 v 7IET S50 cycle {To72. ER
1T AACHIRIZ TIT o 72,
4, Western blot 7%

IL-1B, fractalkine 1Ef# O & b #HfiLs2&/MAE 2 100 pM PMSF, 0.2 mM EGTA, 2
mM EDTA %% A3 5 Cellytic M Cell lysis reagent (Sigma-Aldrich) (2T > 737
B &4 U, Bradford 15 9 (2 CTH# VX7 HEOFHEE % Hi L 721% SDS sample buffer

ZINZ S AR L, 15000 rpm T 1 2Rz OSEEL72%ZO L7 e e L

To. B NTEHED 40 pg- 80 pg 725 X 95 7.5%SDS polyacrylamide Mini-



PROTEAN TGX gel (Bio-Rad Laboratories, CA, USA) |Z CE%IKENR, #in54E
(NIHON EIDO, Tokyo, Japan) Z i HH L T= h r /L v — X & (Bio-Rad

Laboratories) ~#55- L7=. & MD1%, skim milk (Becton Dickinson, NJ, USA) {2 T=
T 30 77 myFx 7aitvy, —kFLAE LT rabbit anti-CX3CL1 antibody

(1/3,000, 14-7986-81, eBioscience CA, USA), mouse anti-COX-2 antibody (1/2,000, sc-
19999, Santa Cruz Biotechnology CA, USA), mouse anti-DSPP (1/5,000, LFMb-21,
Santa Cruz Biotechnology ), rabbit anti-f-actin antibody (1/2,000, 49708, Cell Signaling
Technology, MA, USA), —k#$i{Ak & L T HRP-conjugated anti-rabbit IgG (1/3,000,
7074S, Cell Signaling Technology), HRP-conjugated anti-mouse IgG (1/10,000, 170-
6516, Bio-Rad Laboratories) % )i» & 72. ECL prime Western Blotting detection
system (Cytiva, MA, USA)Z W THEFIOL ATV, X7 1 /L A (Cytiva) RIZ
TS TH T BEREBLE AR LT, CX3CR1 ~DFLEEERIT fractalkine {F
M 60 43REIZ CX3CR1 FHEHITH 5 AZD8797 (Axon Medchem, Groningen ,

Germany) TAHLEH L 7214, fractalkine Z1EH = H 7=,

5. ELISA
BB O T M EREESE N Z 24 9% cell culture dish 1C 5x10* {# well

TRERLL, R 24 FEHIATIC 190FBS &4 a-MEM (242 L 72, #ilif{:, PGE. &%
Prostaglandin Ez Parameter Kit (R&D Systems, MN, USA)% H T & 450 nm (23
T WO A IE LTz,
6. ARG Fr OER

H AR SR 7 8 A B IR e IR R D T2 01 kBE L, 10-20 i T2 4 440
B ORI BPEEBER &I S, Pl & e > T2 = Rl 2wkl & L7z,



LW % 4% RNV L7 0T e RIEEKRT 3 HREEL, £D% 0.5 M EDTA T 4
HEIK 21T o Tz, WK 2 — OB =% / — LB X F v Lo 2@ L
TRHEEL, T 7 4 RIZEE L 278 b—AICTES 4um DY) % /ER
L, A7 K7 F R~ LT,

7. b ik A 2]

T T4 IR ERNT 7 4 AL LEKEI L2, SURIIE LD 72912 10

mM EDTA ¥EfE% (pH 8.0) T 10 &I Li=. A ¥ J —/FdD 3%H0: &3t

(230 3fA ¥ 2 — b L TRV A o 2 —BIEHE A LE L7, 0.1%
PBST (PBS+Tween20) THE L7, Ulh &2 —kPifkE LT rabbit anti-CX3CR1
antibody (1/200, ab8021, abcam, Cambridge, UK) % & teiil 7 v > S— N THIRIZ
T 1 KRS SE7Z. W T KLk Dako REALTMEn VisionTM/HRP,
Rabbit/Mouse (Agilent Technologies, Tokyo, Japan) T 30 Z34LBE L, H&ZICUIA %
Dako Liquid DAB+ Substrate Chromogen System (Agilent Technologies) % VT r]
BUL L7k, ~ A ¥ =D~~~ M2 ) Tl LTz,
S E ML Y A T, PBS THE L7-%&, —kPuk L LT goat anti-CX3CL1
antibody (1/500, R&D Systems), rabbit anti-CX3CR1 antibody (1/1,000, ab8021, abcam)
Z 1 RS S ' 72, RO T ZIRPLIK F (ab’) 2-Goat anti-Rabbit IgG (H+L) Cross-
Adsorbed Secondary Antibody, Arexa FluorTM546 (Thermo Fisher Scientific) Cififi
% 30 Sy [EALER U, AW EBEEE (OLYMPUS BXS51; Olympus, Tokyo, Japan) (Z
THIZ LT
8. TUFY Ly R

HERIE S U < 13 fractalkine FIE#, 17 AR5E Lo b MBI EMIQICK T 54
JRICAEET OB ZT VYU by REAIZ T To7. T7hbbE#% 17 HHOE



RS BEES RIS LT, 10% A0~ U ARIRIC T 30 4f

i
l
3
i
i
i
S

T
AKIZTHE, 7 VYV by RIEIRICT 30 ohkiEth, ZZ8EKICTHE LAk
RO R g LTz,
9. 1 RAL A E

FIRALRHIEEZ ~ N (PG Research) (ZF3%, 7 U U > Ly RIEKOBRETR,
KT L — &g L7, 5% ¥4 1 ml Nz, 10 /5188 L CaBaht L
7o W 100 wl ZHE ] 96well 7L — MZB L, HE 415mm T A7 a7
— hU — X —IZTHIE LT,
10. WA ALEE

RT3 AR D R 7 — DO W) ELSE TR L7z, #HEHENTIZ Excel Statistics
2019 (SSRI) Z# H W TAT o 7z, FEH WA 07 — & 1L o Bl & 4 o #r
(ANOVA) (2 XV 53T L D FEERO T — X 13—t B ATz L 0 438 Lz,
7 N—"T OYEIEIT Tukey D2 HHERE 2 W THER L, AEKEEIL 5% E L
7z,

[ 2R
1. b NRIEHBERLERICF 1T D fractalkine 35 L OV CX3CR1 O¥EH]

AR BER AR DI & B3 Dt O B O BRI X L, HE Yefads K O%L
fractalkine Hi{A&, HT CX3CR1 Hilk % W THRIEMAMRILF Y0 21T - 7= HE Y&
BT, BEERE N O MR A P ER A RS L RIEME IR ORI A 5R 0,
(EIEME ST BE 25 DR 2 2 LTz (Fig. 1A). Sh Rk bR a2 B T RIE
PRI ORI 2388, RIENEE S TWDHEL (Fig. 1A Ik B) TILAHER O

BRERAHESF IO IR LT fractalkine BHMERIS (Fig. 1 B-1) & CX3CRI B



J& (Fig. 1 B-2) Zi&7=. xF LT, EFMkE 23 54L (Fig. 1A 8k C) TiX

fractalkine 38 XU CX3CR1 DOMFUAZAIN L THGMERISITITFE A EHERTE

o7 (Fig. 1 C-1). £72, WTFNOHA L IR L T e W Rt R O8] Frix

WNR DR RIS SR & 72 nr o 7 (Fig. 1 B-3, C-2).

2. b MEREEEAMIZICH T D IL-1p B3 L OYLPS (2 X 5 fractalkine mRNA JE 51
b MRS A ISR E O IL-1p BX WY LPS % 3 BfEfERH S5 &,

fractalkine mRNA FE 8L & I EKAARTHM L, 0.1 ng/ml @ IL-1p fEAE, 1.0
pg/ml O LPS fEFIRFIZR KIEIZE L, £OHBMITVTH -7 (Fig. 2A, B). £72,

0.1 ng/ml @ IL-1p /EFI#E, 1.0 pg/ml @ LPS Z/EfH & 5% &, fractalkine mRNA &
BLE TR ERAFOCHIM L, 1R 3 BefE CRoRMICEE L, DD LT (Fig
2C, D).
3. b MEBEESEMNICE T D IL-1B 12 & D fractalkine Z o/ 7 R HL&E L O
T Y 1235 1F D fractalkine 35 1L TN CX3CR1 F6 8
b N BERS R MIAEIC 0.1 ng/ml @ IL-1B Z{Ef S5 &, fractalkine % v /X7 &

FEBL B XIRFAMR A HIIN L, TER 6 R CRORMEIZE L, 12 FEfICl W T H ¥
VN G EITHERF S IvTs (Fig 3A). 72, b Ml fEEE AR IL-1B (0.1 ng/ml)

% 24 R ER =4, Bt fractalkine HLIRFS L UL CX3CR1 Huik 2 Fv Caot ez
Mlgeta 247> 7=, 2> b — /L TTIX fractalkine v 7 F L iZ &< BD T,

CX3CR1 ¥ 7 F x5 B L7z, IL-1p THIBL L7- b S SR <Iik

fractalkine 33 JX N CX3CR1 v 7 1 L &5k < 588 7= (Fig. 3B).

4. bt MEEEESEMARICIS T S fractalkine |2 LD COX-2 ¥ > /87 B3]
b b BERSES NI fractalkine (0.1, 1.0, 5.0, 10.0 nM)% 24 BE{EA &5 &,

0.1nM TCOX-2 % RV EEBENa L b —)L & el U CARIZHINZ 380,



Z DB A BMAFHNZIEIN L, 5.0 nM TheK & 72 o7 (Fig. 4A). EHIT, B Ml
BEMAEZ 5.0 nM O fractalkine C 0, 6, 12, 24 FEELEE L 7= 455, COX-2 # > /37
BORBT = b a—/WIZHATHREISHEN L, 12 B TBEE IS8 0, 24 BFfH &
THEFF S U7 (Fig. 4B).

5. b MEBEERMIRICIS T D fractalkine |2 K 5 PGEEA:

b M EREREMIEIC 1.0 nM fractalkine Z/Ef &5 &, £55& EIEY PGEITHF
FRAFRIZHIN L, 1B/ 24 eI ClReRICEL, £ 0% 48 FFf £ CHERF Sz
(Fig.5).

6. b MHBERTERAMINIZE T D fractalkine | X DA KIS EI DK
fractalkine #7225 17 H T 1.0 nM TG EAMEDHERPFE O 541, 5.0 nM (T 1.0

nM & Pl U CY MO RITERD S o 7o (Fig. 6A). F 72 ALY E &I
BWTay b —/LEEL B L 1.0 nM ICHE 223807 (Fig. 6B).

7. b MEBEESEMALIC RIS B fractalkine (& & D BMP-2, Osterix i fx 13 Bl & D
21k
TUHY by REEORER LY fractalkine DSAEAFIE I T 57 2R IX
1.0nM THLHAREMER S D EE X b, £ 2 CHEMMER~—T—Th 5
BMP-2, Osterix iEfx -8Bl DA (b % Real-time PCR &I T L7=. & Ml
EEFMAEIC 1.0 nM fractalkine % 1, 3, 6, 12 BEI{EH S& 25 &, BMP-2 i#{5 -5
BERay ha—/L L g U CHE RIS EZ R, % 3 R CRAL 720 L

%D L= (Fig. 7A). 1.0 nM fractalkine % 24, 48, 72 B {Ef &% &, Osterix i&
BFRELEN 2 br— L L iR L THEICEMNZ5E D, (FH% 48 I THRK

&7 0 Ltk LT (Fig. 7B).
8. b MBEEIEEMIAIZISIT A fractalkine |2 & A DSPP ¥ o X7 BB & DAL,



IZ, 1.0 nM fractalkine & 2 % DSPP % /X 7 HRBLE DO ELIZ DWW TR L 7=,
b b BRI 1.0nM fractalkine % 1,3,7, 10, 14 H{EF &% & DSPP 4
RUBRBEITa Y b — L L L CHREICHEME RS, T O%EEKTR
I LAEM 10 B TIRIERKICEL, 14 H TIZIERRIEWVW & /2o 72 (Fig. 8A). £
72, CX3CR1 BLEAITH 5 AZD8797 % 2 uM T 60 ZyHifALEE A 1T 5 &, fractalkine

(2 & % DSPP # > /37 3Bl E I3 S iz (Fig. 8B).

BB BV CTRIE & AR ICITE R BAR A H 0, AR & 3 Y B DO RIEILY
A RIARAT 4 = —F — DXL > THERBEENETT 5. 20 THE
JEMEM I D AECHEICRE G L, RIEOKER L2750 A OFE X, 8EITE
HR AR E 2T o WEERICB W TEHEETH Y, WO H oY
T BERAARIEOMISHAEZ S SICERT b0 EBbh s, BEiEA A
fractalkine (X CX3CR1 & DFESIZL > TOHA T 7 U AARIFINZ A ILER D$Z
EEHET D70, s T IR 2 AHET D RIS ME S IR L~ o2
RIEBLD B BE D BE R RIEIERIZHF G L TV DL ARENRB X b5, £o,
BERRAE S IERIL & L C IL-1p B L WVLPS Z1/EH &¥ 5 &, fractalkine @
mRNA 36 KO /R 7 BR B, IR ERFRNTHIIN L, Ot mEaia
TIE, IL-1B %I LV fractalkine 38 X OV CX3CRI & 7 AR L2 &0 5,
EEELFIFEE O LPS OFE SN RIEMEY A b B A C Ko CHlrliie 2
P HIEBL L TZ fractalkine 234 — F 7 U B L UVNT 7 U UHICER L, U 2 /RER
HETH LT, BRHRIESISOMEEICE S LTV D ATt R I 7.
— 7 CHRPE DS THRMEE 2% 5 UBERLEE U R B 5-T 5. s BERRAEE
AIIZ BN T b IR EE D PGEIIAEARARIE Bl 2 #3223, ARJR B Cldadfiic et



EnbZED, b MEERESHINIZIS Y TBMP-2(Z X 5 Alkaline Phosphatase (ALP)
IEEDMREEN % PGEMERTT 2 & WO BENRH D 92 LD b, RIEICKD
L AL WD —RERT 25w A2 OV A NI A > ORIEREARIC K
STERLTWD LRI N D, ITFEOHE T, fractalkine ITRIE~DRE 572
TR, W~y — 2 RBL S L2 EPHEIN TS, T ZAD
B A T CX3CL1 ##1Z X - T Runt-related transcription factor 2 (Runx2), Osterix
FEBEOWEIMNZFR®, CX3CRI KE~ U ZADF ML TH 2T LA DD,
B~ — 0 —DRBNZ— OB AR T2 &b, CX3CLI/CX3CR1 23
BRI OPI BB A RICE K Z L2 RE LW D . Fie, M TR
MG Tl Jak2/stat3 > 7 F/VARE Z {& L S osteopontin, BMP-2, ALP % & i,
SH 5 L& BT, osteoprotegerin FEHL A PHE T 5 T & THAHRIZ AL 2 (2T 2 7]
REMERHE SN TS 1B RIFFEIZZE O 720> Tl O RIAERFIZPEAENFRD H i,
RIENEME & AR R &2 DF - FF D 7 B A N DWW TRRETZ TV, £ D — i
AT 5 Z & TR OETIH, RFEOHFAIKMMIIEH TE 2D TiER
WNERGE LTz, #iRE LT, RIEMRBEEAICFU T fractalkine, CX3CR1 D FEHL
&, FIE O LPS RRIEVEY A b A ORI X o THBERRME M S D
fractalkine FEELOEHE, £ DZRMETH D CX3CR1I OFRENBD L. £z,
COX-2 & /37 'B5Bl, PGEEAEZARET H 2 & THBED RIEMREEIZET G- L T
WD RREMEN B D Z &, fractalkine & 1.0 nM TIEFI S #7227 U D Ly R
TYAMENRHERL, 5.0 naM TIFEA L7 Z &5, fractalkine 1.0 nM 723 i #lit5 2%
AR I 1T D AR ARICIE T L C WD RTREME N W 2 & &or LT, RFFEF
AT D > 7T IREIZ L - THE S, < OERFB L OERE R I
K Vil S35 19, BMP, Osterix, DSPP X5 FF3F il (b A (R &t 5 2 & 3
HINTWD 2020 DSPP IR FEITFFRAITAE L, B EERICI W THE



IRA NI E T %, DSPP & DOZR M/ LR R - & D BEFRIT R 72 5
INZUNHY, DSPP D BT Osterix 23 8 FEIZFEBL L T 2 R A EFMIf THITR S 41 5
Wz L, DSPP OFEEBLIL Osterix ([ZWELEZZ T TWHAEMENREZOND.
Osterix (£ 7 7 4 VAT —HERBRFThH Y, ‘BRI L OVE ML b ¥
FHThHDHEEZLN TSP, \IZBWT LA FEFEMIE b Osterix 23B5- L,
SHICEDOREIT BMP2 R EICEVHBESNTHD Z ERHESNTND. A1
I HE~ T ADEIT Osterix (T EI O R FFHNLICFEI GO 5 1,

BMP-2 i&{n 3 AIZ K 552 24 FEfE1£ 12 Osterix DFEHO EANED LD Z

&R Lz 200 ZHUIR A MR EIZ Osterix 23B5- L, & DOFELL BMP-2
ICE VA SN TVWDE Z L &2 L TW5D. BMP (X TGF-p A—/3—7 7 I J —
B L, mARERIREENZ 2 . b MR R MIRIC VT BMP-2 %
WINEELZ LIk ALP &L TR S, T FMR~O b2t S5
TERMEINTEY P, ZnHDOZ & D BMP, Osterix, DSPP 23 AE AL 5k
ICEERBEEZHSTNDEEBEZLND.

AHFSETC fractalkine 1.0 nM {2 & %5 BMP-2 mRNA R EIZ/ER#% 3 Bl CE— 727 12
i L, Osterix mRNA (T 48 FFf] T —72 & 72572, DSPP [ ZRFRMEAFHICHEM L,
10 H ClEIEH{R K & 72 o 72. BMP-2 mRNA D7 E1f% (T Osterix mRNA 233881 L TF
D, ZD% DSPP 3FEELL TW5 Z &b, Osterix DFEELZ BMP-2 233> T
BV, S HIT Osterix DIEHLAY DSPP DFHIUFEE L 5.2 5 L OWEITFE L7
V.

fractalkine 7% 5.0 nM, 10.0 nM D355 COX-2 ¥ > /37 B3, PGE2 pEAE & ITIE K
L, 7UH U by REEAT 1.0 M CREFRGRE & O # K, BMP-2, Osterix
mRNA, DSPP ¥ > /"7 HRBEOENNZRD T Z & 226 fractalkine |3 &R DS

BRIENEE LU, KR E OS5GSR 2 et 4 2 rTRetE 2 B b M2 Lz,



F 72, CX3CR1 [HEHITH D AZD8797 78 DSPP ¥ /37 B3 HL& ] L= 2 &

7175 b, CX3CL1/CX3CR1 #RBE S HEARMIZ AL 2 Hl4E L Ty 2 ATREME DN R S 7z,
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Fig. 1 Immunohistochemical localization of fractalkine and CX3CR1 in human teeth
affected by pulpitis. (A) Hematoxylin/eosin staining of human teeth affected by pulpitis.
Caries progressed, pulp showed the signs of purulent inflammation. (B) Selected area
from A with intense inflammation. (B-1, B-2) A strong fractalkine and CX3CR1 signal
was observed at the site of intense inflammation, which was consistent with pulpal
fibroblasts. (C) Selected area from A with non-inflammation. (C-1) Lack of fractalkine
and CX3CR1 signal in dental pulp located in the non-inflammation part. (B-3, C-2)
Section from negative control showing no specific immunoreactivity. d: dentin, p: pulp,

ca: caries. Scale bar = 200 pm.
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Fig. 2 Effect of IL-1p and LPS on fractalkine mRNA expression.

(A, B) fractalkine expression detected by real-time RT-PCR in human dental pulp cells
treated with various concentrations of IL-1f and LPS. fractalkine expression was
normalized to the expression of GAPDH and reported relative to the amount expressed
in unstimulated cells. (C, D) Human dental pulp cells were stimulated with 100 ng/mL
IL-1 and 1.0 pg/ml LPS for the indicated times, and fractalkine expression was quantified
by real-time RT-PCR, normalized to the expression level of GAPDH and reported to the
amount expressed in untreated cells. Data are presented as the mean £ SEM of three
independent experiments. Statistical significance of differences between groups is

indicated as follows: *P < 0.05 versus the expression in unstimulated cells.
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Figure. 3 Induction of fractalkine protein expression by IL-1f stimulation and
expression of fractalkine/CX3CR1 by fluorescent staining of immune cells.

(A) Expression levels of fractalkine and B-actin were evaluated by western blotting in
human dental pulp cells treated for the indicated times with 0.1 ng/mL IL-1f. (B) Cells
stimulated with 0.1 ng/mL were stained with anti-fractalkine and anti-CX3CR1

antibodies to assess expression. Scale bar = 20 pm.
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Figure. 4 Fractalkine induces COX-2 protein expression in cultured human dental

pulp cells

Cultured human dental pulp cells were stimulated both with and without fractalkine. (A)

Following 24 h of stimulation at specified concentrations, cytoplasmic extracts were

examined for COX-2 and B-actin levels using western blotting. (B) The expression

levels of COX-2 and B-actin, stimulated with fractalkine (5.0 nM) for varying time

intervals, were analyzed using western blotting.
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Figure. 5 Effects of fractalkine on the secretion of PGE: in human dental pulp cells

Human dental pulp cells were stimulated with or without 10.0 nM fractalkine for the

indicated times.

*P < (.05 versus control.
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Figure. 6 Calcified nodule formation in cultured human dental pulp cells
influenced by fractalkine
This figure illustrates Alizarin red staining of cultured human dental pulp cells after a
17-day incubation period, both without (control) and with fractalkine. (A) Calcification
was evaluated using a calcification assessment kit designed for cultured human dental
pulp cells. (B) The absorbance of the released Alizarin red stain was measured at 415
nm with an absorbance spectrophotometer. The results are expressed as the mean (+
SEM) of three independent experiments. Statistical analysis was conducted using

Tukey's test, in which significant differences vs the control are indicated by *p<0.05.
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Figure. 7 Fractalkine-induced alterations in BMP-2 and Osterix gene expression in

cultured human dental pulp cells.

Cultured human dental pulp cells underwent treatment for specified durations, either
without any intervention (control) or with 1.0 nM fractalkine. White bar, unstimulated,
black bar, stimulated with 1nM fractalkine. The mRNA expression levels of BMP-2 and
Osterix were quantified as the ratio of either BMP-2 or Osterix to GAPDH and
subsequently normalized to the control values. The results are presented as the mean (+
SEM) from three independent experiments. Tukey’s test was employed for statistical

analyses.
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Figure. 8 Changes in DSPP Protein Expression Induced by Fractalkine in Cultured

Human Dental Pulp Cells

Cultured human dental pulp cells were treated with and without fractalkine (1.0 nM) for

the indicated durations. (A) Cytoplasmic extracts were analyzed for DSPP and B-actin

levels using the western blot method. (B)In a separate set of experiments, these cells were

pretreated with the CX3CRI1 inhibitor AZD8797 (2 uM) for 1 h, followed by treatment

with or without fractalkine (1.0 nM) for 10 days.

[Table]
Gene Primer Sequence Product size (bp)
Forward 5'-GGATGCAGCCTCACAGTCCT-3'
fractalkine 169
Reverse 5'-GGCCTCAGGGTCCAAAGAGACA-3'
i Forward 5'-CTGGCTGATCATCTGAACTCCACT-3' a4
) Reverse 5'-TCGGGACACAGCATGCCTTA-3'
) Forward 5'-GCCATTCTGGGCTTGGGTA-3'
Osterix 150
Reverse 5'-TGTGGCAGGGCCAGAGTCTA-3'
Forward 5'-GCACCGTCAAGGCTGAGAAC-3'
GAPDH 138
Reverse 5'-TGGTGAAGACGCCAGTGGA-3'
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ABSTRACT

The pulp is surrounded by dentin, and communication with surrounding tissues is in
closed space with only the apical foramen. When pulpitis is induced, the healing process
is difficult and often irreversible. The prognosis of inactive teeth is statistically shorter
than that of living teeth, and research on pulp-preservation therapy is underway.
Currently, materials predominantly containing calcium, such as calcium hydroxide
preparations and mineral trioxide aggregate, are used for direct pulp capping on exposed
surfaces. Although these techniques promote healing in the guttation area through the
formation of hard capsular tissue, they subject the guttation surface to a highly alkaline
environment. This exposure can lead to the formation of a necrotic layer just beneath
the guttation surface, which in turn diminishes pulpal activity and results in a low
success rate when treating inflamed pulp tissue.

Fractalkine, or C-X3-C motif chemokine (CX3C) ligand 1, is a chemokine primarily
expressed in activated vascular endothelial cells. By binding to its receptor (CX3C
receptor 1/CX3CR1), fractalkine mobilizes inflammatory cells.

Recent reports indicate that the fractalkine-CX3CR1 pathway might play a role not
only in inflammation but also in healing. CX3CR1 promotes granulation tissue
formation, collagen deposition, fibroblast accumulation, and angiogenesis, suggesting
that the fractalkine-CX3CR1 system might serve as an angiogenic mediator in skin
wound healing.

In this study we examined the expression of fractalkine/CX3CRI1 at inflammatory sites
in human dental pulp tissue. When IL-1f3 and LPS were added to cultured human dental
pulp cells, fractalkine mRNA and protein expression was observed. Moreover,
fractalkine-stimulated increases in COX-2 and PGE:2 protein expression were observed.
Furthermore, Alizarin red staining revealed enhanced hard tissue formation. This effect

of fractalkine on expression of DSPP protein was inhibited in the presence of the



CX3CRI1 inhibiter ADZ8797. In conclusions, fractalkine/CX3CR1 had identified in
dental pulp cells at sites of pulp tissue inflammation. Stimulation of inflammatory
cytokines and LPS promoted fractalkine mRNA expression levels and produced COX-2,
PGE: protein, suggesting that it may be involved in the progression of pulpitis.
Concurrently, increased expression of BMP-2, Osterix mRNA, and DSPP protein,

coupled with Alizarin staining results, suggest its involvement in hard tissue formation.



