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Abstract

Down syndrome (DS) has high prevalence of severe periodontitis. The influence of F. nucleatum

on cellular response was examined in gingival fibroblasts (GF) derived from non-DS (NGF) and from

DS (DGF). GF were inoculated with F. nucleatum. The mRNA expressions of interleukin (IL)-18, IL-

8, tumor necrosis factor (TNF)-a, matrix metalloproteinase (MMP)-3, and MMP-9 in GF inoculated

with F. nucleatum were quantified using quantitative PCR. The protein expressions of Toll like

receptor (TLR) 2, TLR4, protease-activated receptor (PAR) 2, and phosphorylated (phospho)-

extracellular signal-regulated protein kinase (ERK) 1/2 were also observed in GF inoculated with F.

nucleatum by Western blotting.

In addition, GF were stimulated with outer membrane vesicles from Porphyromonas gingivalis

(P-OMVs). IL-1pB and IL-37 mRNA expressions were quantified using quantitative PCR. Phospho-

ERK1/2 was also observed in GF stimulated with P-OMVs by Western blotting. The effect of an

ERK1/2 inhibitor on IL-1p and IL-37 mRNA expressions was performed in GF stimulated with P-

OMVs.

The mRNA expressions of IL-1, IL-8, TNF-a, MMP-3, and MMP-9 in DGF inoculated with

F. nucleatum were significantly higher than those in NGF. Although there were no differences in the

protein expressions of TLR2 and TLR4 between NGF and DGF, PAR2 and phospho-ERK1/2 protein

expressions in DGF inoculated with F. nucleatum were significantly higher than those in NGF.



IL-1p mRNA expression and phospho-ERK1/2 protein expression were significantly higher in

P-OMVs-stimulated DGF than in NGF. In contrast, IL-37 mRNA expression was significantly lower

in P-OMV-stimulated DGF than in NGF. P-OMVs-induced IL-1p and IL-37 mRNA expressions in

NGF were reduced by an ERK1/2 inhibitor, while P-OMVs-induced IL-37 mRNA expression was not

reduced by an ERK1/2 inhibitor in DGF.

It is considered that enhancement of inflammatory mediators by F. nucleatum was caused via

over expressions of PAR2 and phospho-ERK1/2 in DGF. In addition, the imbalance of pro- and anti-

inflammatory response in IL-1 family were observed in DGF stimulated with P-OMVs. There are

other unidentified factors involved in the process from the recognition of P-OMVs to IL-37 mRNA

expression. Further study is needed to be clear the reason for the low levels of IL-37 mRNA in DGF.

Altogether, it is considered that F. nucleatum and P-OMVs may be important pathogenic factors

in gingival inflammation and periodontal tissue destruction in DS.



C =

Down JEfEHE (DS) 127 BV D HEEH AR ORIA & LT, MREnERE 2 E5Hs S

B

WTCWB, BRI ME O Fusobacterium nucleatum (F nucleatum) 1%, 18MEH B R EH OH®

JART > R bR TR S, o MR & OILEEERED & <, A AT 4 L LB

BOBFRIC B D TH.LEIIEEIZH 5, 18> THERRIE A2 B T2 DI2iX, F nucleatum O

WEZETHD, £, HEARFMEO 7 T LEIERITIMENMak (OMVs) ZEAET L2 &

D SILTWD, P gingivalis DFEAET D OMVs (P-OMVs) (21 lipopolysaccharide (LPS),

WREL D ONTER ) 7 fifabs EVE &2 7R L X0 iR O gingipain 72 E03E £, PURME

nE<, SEINEERSHEIET D, AUEIL, DSIZRIT 2 HEWEFORIEL LA T =

A F R 5 72012, F nucleatum BEFE 73 & ONZ P-OMVs BIIKIC X 2 Hh ERHE 2RI (GF)

DISEMEIZ DWW, s E Hk GF (NGF) & DS B3k GF (DGF) #t#g Lz, £7-, RJIE

TR OIRJRIK F DB T 518 EOHNE L TRETH L0y, £ OWmRICE

D RIEFHFER T & KIEMHIR T DT o A DRFEILIEBPERIED K 5 72l JEIR 2755 T 5,

AWFFETIZIL-1 7 7 2V —IZBIT 5 IL-1p & IL-37 D@+ REICER LT,

F. nucleatum %3 L7 GF IZB W TRIEF IS A N A > @ interleukin(IL)-1B,

tumor necrosis factor (TNF) -a 72 5 NI FERO E(VIEICEET A7 E DA D IL-8 &,

A2 B8 5-7° % matrix metalloprotease (MMP) 3 35 KO8 MMP9 D& {n 1588l % real-time

PCR %% W THEZR L, NGF & DGF Z i L7=, Z 315 OB BB 53 2 5 /i



=@ OJFRIR K 1R Cdb D N Z — iR 1K toll like receptor (TLR) 2 35 X T TLR4,

AEE DPEET HEEFRIT L > THEMAL 415 protease-activated receptor (PAR) 2 DX /37 /&

WL, TOBHOY T T NMGRERKDO—D>T DS HEEEIs T dual- specificity tyrosine

phosphorylation-regulated kinase 1A (DYRKIA) 723FEBFIEICE LG LT\ U Bk

extracellular signal-regulated kinase (ERK) 1/2 (phospho-ERK1/2) % > /X7 B FEBLUZ-D\T

Western blotting %12 CTHEFS L, NGF & DGF % bt L7,

KIZ P-OMVs Tl L 7= NGF & DGF (25} D RIEFH TS A b A4 TH D IL-1p

EPIRIENEY A M A o Th 5 IL-37 DER 7781 % E & PCR 15T, phospho-ERK1/2 @ ¥

> X7 G 3Bl % Western blotting 152 CHEE L72, & 52 P-OMVs (2L 5 IL-1B & IL-37 D&

LT IBFERRORK A X \AMEIZT 5 7-H12, ERKI1/2 @ inhibitor (2 X % 21 6 OEET-F

BOEIIZOWT HE R PCR HEIC CTHEZR L, NGF & DGF %t L 7=,

F. nucleatum \Z & > CTFHFE I L7 IL-1B, TNF-a, IL-8, MMP-3 72 & TN MMP-9 D&

573881 & PAR2 3 X O phospho-ERK1/2 D % > /3 7 B3 BLIZIEIZ NGF (28~ T DGF )5

DA B D> T2, P-OMVs RIIZ X - THHE I IL-1B DEs7-#3L & phospho-ERK1/2

DX T EFBIL NGF 12T DGF OGP HFREIZE -T2, IL-37 OBEEFHREIX

DGF O R HE KD > 72, & 51T, ERKI1/2 @ inhibitor #A0IC X Y, NGF TiX P-OMVs T

B X 72 IL-1B & IL-37 OB FRIIFAEICIKF L2 D0, DGF TiE IL-37 OEE T

FEHUTLT Loz,



DGF (28T D F nucleatum \Z £ D RIEA T 4 T—H — D FH 7238 BIHETHIZ1X PAR2 &

phosopho-ERK1/2 23Bd 59 % Z £ 3E 2 Hivlz, & HIZ DGF IZHB W TIE P-OMVs (2 X 5 IL-

1B BEWIL-37 OBEEFRELFFEIZT L ANT UAPELTWDL Z ERENT, 72 P-

OMVs IZ L 5 DGF (281 5 IL-1B {51 D1 22 5 BLF% 5 121X phospho-ERK1/2 A3Bd5- L T

WBHMN, IL-37 OBEFFHEBGFEIIIBORKENFEIET D AHEMENH D 2 L BRI,

bz LG, F nucleatum 3 32O P-OMVs (2503 A 15 A0 O 5@l 70 K 9E SO &

PURIEMEY A DA o ThD IL-37 ODIRBHUZ LDV A b A VIR D/NT o AREHEDS,

TR B EEEH E IR O FAER L OEATICRE G35 rIRErE A R ST,
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FERR L R T —F CHEBEOBERIEWNZ L 8RS Tnd 9, DS I, MEY

S IVAIZGREGHETH Y 0, O EfER C I E A

-
O
#
ZE

BRBENEEDNLTEY 79,

HBYRE N IEEIC L 2 AEERE AR IZT TIIH TERW L OMENH D 9, BIfEE TIZ

BILEEHEROKIAN L LT, WRIZET LIRS O PEA I RIS E S 72

ERBIT LR TG 6101

RIS A AT 4 )V DAL T DI O REGC K DB RIEMKETH D 12,

Fxrx, EERWEEFRIFREO—>Th D Porphyromonas gingivalis (P. gingivalis) |ZH¥3

% lipopolysaccharide (LPS) HIIC X % o PIRRMEZE MG (RRAEZEABAR) @ prostaglandin E2

/E#r, plasminogen activator JETEEE R X OV interleukin (IL) -6 F8FL &1, 5 H Sl OMHE LM

il (NGF) X9 % DS HROBRHES M (DGF) O NAEICHEART 222G L Cx/-

BN, L LR D, WEZDSIZH LD BEREEW AR OFIER L OMEATHF D A I =X L

OFEAIZIZE > TV,

B, KEBERRIE~OBEGERHOMNNCR o2 ¢ TEFOZmMENER SRS X I 1IC

Rol-HEBIRBHMEOL L Yary 7Ly 7 AIZET 5 Fusobacterium nucleatum (F

nucleatum) 1%, 8 FEMEN~MZA LGEISEZHREI T2 EnHEINTWS B, F



nucleatum 1%, 12V B REFEOWHE R 7 v bobEHEE THRHE IS 19, o & OEHE

e’ m <, P gingivalis DFRBEEZ T R— 3252 & T, HEFROBIEDFE & 72225 /31 4

T 4NV BDEEBME AR T I0, MO THEELRME THLEBEZXLLNTND 20, £ I TR

GECIE, WAINT F nucleatum (\Z%79 %5 NGF & DGF O E %2 bl U=, RIEFH MY

A M A T % IL-1B, tumor necrosis factor (TNF) -o 72 & NZAFFHER O BB 54 5

FENA L THD IL-8 & 212 | MR 2B 59 % matrix metalloprotease (MMP) 3 3 X

O MMPOM D iE s R BB % B8 PCRIEICE VT LT, OB FEMIE, HEED

FfR 8 D X Z — L FREk A XK (pattern recognition receptors, PRRs) @ Toll like receptor (TLR)

2, TLR4 TiBik & #172%%, nuclear factor kB (NF-kB) <> mitogen-activated protein kinase (MAPK)

REEAEZ N L CRANFEIND D, £/, MREREICFET D 7 BEEBHNZFEKD

protease-activated receptor (PAR) 7 7 X U —I{ZJ8T % PAR2 1%, &V »7u7 7 —EOfii

TERZ I L TR 0, ERIEME OEAT 27 0T 7 —BIC k> THIEMH ks 5 262,

PAR2 [FRIEFFIEMEY A MU A OB EFHFEL, X 52 MAPK O—>TH 5 extracellular

signal-regulated kinase (ERK) 1/2 ® VU »E&{b. %2t U CHIRREESE, Miaoflb, RAE, SEEE

IR ESHERINE B RETH L TEORIEOHEITIZCHES L TWA Z ERREINTVD

M, Z LT, ERKI2 ®VU UBiEIC DS BEEME T TH 5 dual- specificity tyrosine

phosphorylation-regulated kinase 1A (DYRKIA) 7235 LT3 3D, LD Z &b, E

nucleatum (2 X 5 #HESERIE O MRS EME & LT, TLR2, TLR4, PAR2, 5 X U phosphorelated-



ERK1/2 (phospho-ERK1/2) ® % /X2 3Bl &% Western blotting %12 & 0 fiftT L7z,

FER W EIEIEME CTd D P gingivalis 1%, ME O BURES T OBBWEE B AT

#9100 nm (20-300 nm) /M A  (outer membrane vesicles; OMVs) % gt % 32, 7' F A&k

EIE OMVs (2 XY, WEEH 2 mE EMlg~E R L RIESECMat a5 2 8, 7T

RERVV VT bR EDF— A T a—Y—%2EAEALMEMN I 2 =r— 3 0%

K HeEEZME D Z L, MAMCEERZ T 5 2 &L TR OREBRZHERT D Z &7

ENHIE SN TN D 323 | P gingivalis H¥0 OMVs (P-OMVs) 21X LPS, gingipain, #7E

72 EIEET TR E SRS Fh, AR LD b QRO g ~MRA LT

<, AEPBHSNRWEARBALTORHE SN D72 ERERF L L TOREENHRE SH

TG 35402 Land, DGE 2B D P-OMVs (2% 2 fa a2t 2 wesd L=,

F, RIETME L OFIRAF OB T 58 EOVIETH Y, A A

YNEHEBERER 2 TV D A9, RIEFFMEY A b A 20 TER L, @R bOs

DEFEINBOVEDITHRIESEY A b OA b FMBETHY, WHDONT 2 ABR DR

WTHETHLZENMESINTEY 49, ZONT V ZADOMWHEZ L > THEHRO X 5 72

(B8P RIEMIRBAF R SN D 419, RIEBRBRICBW TEER#EX 2RI IL-1 773U —IC

E RO A NI A R EEN, RIEFBEYA VA > (IL-1a, IL-1B, IL-18, IL-33, IL-

360, IL-36B 72 ©H NZ IL-36y) & HLRIEMEY A ~ 14 > {IL-1 receptor antagonist (Ra), IL-36Ra,

IL-37 72 5 ONZ 1L-38) WFTET B ¥4, RIEFRHMEY A M A U Th D IL-1P 1%, HJE kA
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DIIEYIHIRIRIZ I 1T 218 MR O E A G T 2HERRIEAT 4 =— 4 —Th D
o =07, IL-37TIEHIBIEMEY A S A L TH Y, RIEFIMET A MU A OOt
RIEVET A N A OFBIHE 2 N AN B %, Lib» [dvrnry—
~O IL-37 RIIZ & - T LPS SFEDRIEFIENMEY A MU A VIEAE, BIOV 7 FHRERR
OIEEPIH SN D Z E2HE L TRV, IL-37 13 ERKICBIT 2 RIEMHICB VTS, #i
RIEMES A A E L CHEERKZEHZMY EB5 205, IL-1B, IL-37 & HIZ LPS,
gingipain, P-OMVs 72 & O 8 J& 5 U O J IR -2 & - TEEE I L ORISR BT Y
INp B0 Pl EOZ Lh, BEERENAZ AT DS TiE, P-OMVs THI =7z DGF
IZHBWT, IL-1B & IL-37 OB FREGFBENF =T N TUABRELTNDLEBRD
N5, P-OMVs RN K 2 EHEEMIN O IL-1p & IL-37 O nFIEH 72 & QNN ~

T F IARERKIZOWT S DGF & NGF Z ki U7,

MR L O G
1l dS L O
F. nucleatum ATCC 25586 ¥k X O8N P, gingivalis ATCC 33277 ¥k & T E N 2L%E FM
B T=o A1) (H/AKEEE HA), CDC MigsEXKE:# (800 mg/L L-cysteine, 5 mg/L
hemin, 10 mg/L vitamin K1, 0.5 % yeast extract, 5% “Fifki & A tryptic soy agar) (2T

37COHKSEMET (80%N,2, 10%CO), 10%H,) TEEE L, FhEFn v ilan=
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— &R IRERHE (trypticase peptone 15 g/L, phytone peptone 5 g/L, 0.5 % yeast extract, 800

mg/L L-cysteine, 5 mg/L hemin, 10 mg/L vitamin K1, 100 mg/L paromomycin) (ZT 37°C D

BRRSE T TR Lo, E nucleatum 13 %2 TR L, P gingivalis 13 OMVs % fifitH

L7,

P-OMVs

P. gingivalis % log %4041 C & 2 Al G IR VEIK DL (ODeoo) 73 0.6 1IT72 5 F THEEE

L, Z#d 6X105 CFUml THDHZ & a2l L7z, B2 B2 L, ExoBacteria™

OMYV Isolation Kit (System Biosciences, LLC, USA)%Z iV C P-OMVs Z i L7=, flifi L

72 P-OMVs L Bradford assay (2 & 0 # > /X7 B &% HE LT,

HEE A

A7 —LFRartry MLV EEZSGZ DS (n=4, FHE : 8-12 %) BILW

i E (n=4, FHEE : 16-18 %) 26, HOARHIIC X D72V L, HBREIEIZ X

B0 B R R B U 7= i kel ) &2 BRI HE L 72, Somerman & 4D FIEIZHREVER

Bta7 v b ru—2 34, 10% 7 VIR EIMLE (fetal bovine serum : FBS) 36 K UL %E (50

units/ml penicillin, 50 pg/ml streptomycin : GIBCO, USA) % & ¢ Dulbeco’s modified Eagle’s

medium (D-MEM : Sigma, USA) % MW CHFESFMIZE 37°C, COr A v FaX—F—
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PCRER L, M 6~10 2 FEBRICAE L7z, BT I AR AMEFEEZARICT L > TK

BEZT 2O B To T2 (HARFMEEAARE S : EC21-014),

4. F nucleatum BHefi

SRHESE I LB 33 KUY 10% FBS &4 D-MEM Z 0Nz, BB EMENTIZIE 60

Se

mm MREET v 2k, EF N ERBURITITIE 6 well MiflakiE T L— b2

L, near confluent |Z272 5 F T 37C, CO, A v FaX—X—NIZFHEEE L, ZILEFho

AREEE, 4X100BL N 2X10° ThoTz, TIEIEEZ T L2\ 10% FBS &4 D-MEM (21X

A, EBIT 2 RIS THE L7, PIEEZE £ 10% FBS 547 D-MEM | K

nucleatum % M Z FRHESSIIZERIN L7, F nucleatum 1%, Ichikawa & 98 L UVNEF S 90

etz

O

BT, BRHEISFHIRENC KT D F nucleatum BEFEIRE OE| S % 1 : 100 (multiplicity

of infection ; MOI 100) & U7, F nucleatum ¥2fE1%, BLEFIBEMATIIITIEERIC LY 3,

6, 9 FEMTTVY, fMfaZfE o TLR2, TLR4, PAR2 35X Ul v 7 F /UAB=ERE# O phospho-

ERK1/2 D% /87 EIEBURATIZIE, TIRERIC THRIEAIEE L 72 >72 5, 15908 LT,

5. P-OMVs Hillj#%

P-OMVs BB DO EHIE T FEBROFERIC LY, Z U T HREA 1.0 pg/ml & L7z,

PRI DWW TUE, MR Y 7 F U R ER K O phospho-ERK1/2 D % 73 7 B3 Bl & f

13



WA[BETH -T2 155y, IL-1B B X OVIL-37 OB T HRBUENT 2 6 Bl & L7z,

6. ERKI1/2 inhibitor O ¥

«

BAE S ICPIE R A2 & £ 72\ 10% FBS &4 D-MEM & 25 uM @ ERKI/2

inhibitor T % PD98059 (Alexis Biochemicals, USA) SOZ¥AN L, 15437 37°C, CO, A

VX 2= —N|ZErE LTt P-OMVs THIBE L, &fis B4 €& PCR IEIC THER

L7z, PD98059 RN 1L, \EDREZSEITTIERZITV, BRHEIEIN 2 B

T2 ERK1/2 230l S5 R FE 2 s L CIHRE LT,

PCR

i

7. €
F nucleatum $F8 £ 7213 P-OMVs $IE# OFRMESEMIF A 5 QIAshredder® (Qiagen,

Germany) ¥5 & UF RNeasy Mini Kit® (Qiagen, Germany) % H\ T total RNA ZHfH L,
PrimeScript™ RT Reagent Kit (TaKaRa, Japan) (2T ¢cDNA & %% 1T 7=, TagMan™ probe
ZfH L, Applied Biosystem StepOnePlus™ real time PCR system (Applied Biosystems,
USA) % MWW TER PCR EIC L 2 BHUs 7 I BT 21T - 7, 18S rRNA Z NIAIME RNA
ay hr—L & UTERE W, JIRER 1O R 2 primer & TagMan™ probe (3
Applied Biosystems CHA ik & 4172 IL-1B (Hs01555410 m1) , TNF-a (Hs00174128 ml), IL-

8 (Hs00174103 m1), IL-37 (Hs00367201 ml), 18StRNA (4318839) A ffiH L7-, #H
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XHRIZ & 2 BB FHBL L ~UE, 20890 AW TR LT 3D,

Western blotting

F. nucleatum FE 7213 P-OMVs TR L 72 B3 2 J0 PBS 12T 2 [P L,
protease inhibitor cocktail® (Thermo Fisher Scientific, USA) 35 JX U} phosphatase inhibitor
cocktail solution® (Wako, Japan) % % ¢¢ RIPAbuffer® (Wako, Japan) (ZCH /7' H %
fhiH U7z, Bradford V52 TH /X7 EH 2 E &%, 10% SDS-polyacrylamide gel Z VT
KUK E A 1T\, Thermo Scientific™Pre-Cut Nitrocellulose Membranes, 0.45um (Thermo Fisher
Scientific, USA) (Z#%5: L7z, FpEAY7R—IKPUAIS LUV HRP ARG O IR GUA Z SOG S
721412386 X1, ChemiDoc™ Touch MPsystem (Bio-Rad, USA) #ffif L &% > /X7 &ED
Ml Z1T 72, /N> R % Image] (NHI, USA) Y7 b =7 THRELL, & 5i723
VO NBREE 2 5B LTz, &% /N7 X, B-actin THEUE(L LR o 7 LR EE (relative
signal intensity ; rSI =4-Ff &% > /X7 B O JEEfE/B-actin reference &) Z#HH L7z, HW\ 7=
— AR L Ok GUAZ Table 1 1278 L7z,

Table 1 —XRFUAF L O RHLA

Target protsin e e s P ANBORY e rersrnneieni e e OB ANTBORY e
dilution H Company H Source dilution i Company Source
TLR? {0 1:1000 i Santacruz b gy | mouse 1:10000 | GE healthcare | anti-Mouse IgG, HRP-Linked Whole Ab Sheap
TLR4 1:1000  Santaeruz bi wy | mouse 1:10000 | EEhealth | anti-Mouse IgG, HRP-Linked Whole Ab Sheep
PARZ [ 1:1000 Abcam | Rabbit palyclonal 1:10000 i Thermo iantiRabbitlgG (H+LHRP-Linked Whole Ab Goat
phospho-ERK1/2 |  1:1000 :  Cellsignaling Rabbit polyclonal 1:10000 |  Thermo  ianti-Rabbit|gG (H-+LYHRP-Linked Whole Ab Goat
p-actin 1:1000 Sigma | mousemonocional [ 1:10000 | GE healthcare | anti-Mouse IgG, HRP-Linked Whole Ab Sheep
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9. HEEtuLEt

SPSS Version 26.0 (IBM, USA) ZHWTC, JohliED BT, Tukey-Kramer test

7 A BUKYE 5% TRsHLEL 21T - 7,

S

1. F nucleatum \Z £ % Bp#ESFHIIE OBAR T H B~ D 2

F nucleatum ¥ 3, 6, 9 BFl]#4 @ IL-1B, TNF-a, 3 X OV IL-8 {515 BLI%, NGF,

DGF & bIZFHERERBRIC L R THERPEO F N T X CORERIZCBWTHRIZERS L, o

DGF ®Ji 7 NGF kW b A& IZE» -7 (Fig.lA, B, C), £72, Zhbola R L

1%, NGF, DGF & HIZ 15K CTLENR DI (T —XR3EFK), 3ERITE—2 &80

T DRIFFHKAFRNAR T3 M Th - 7o,

MMP-3, MMP-9 D& {53 & NGF, DGF & & IZIEHEREREIC N CHEfERE D 7

DT RCORFFICB W TAHEIC EH L, DGF ® 7 23NGF L W & H 2 &)~ 7= (Fig. 1D,

E)., ZH5HOEMETIH FH1E, NGF, DGF & &ICERUKFIC FAT 5B Th -

776
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Fig. 1 Influence of F. nucleaturmm on mRNA expressions in NGFs and DGFs

GFs (n-4 each) were inoculated with F nucleatum (F. n). After inoculation, total RNAs were isolated at 3, 6, and 9 hrs.
The IL-1B (A), TNF-a (B), IL-8 (C), MMP-3 (D), MMP-9 (E) mRNA expressions were performed by quantitative PCR.
Gene expressions were normalized by 18S rRNA. These expressions were done in GFs in triplicate. Data show the mean

+8D. *p <0.05.

2. F nucleatum RPN X 5 RHEFRAR D & L X 7 GBI~ D 2

F nucleatum 58 5 25%% @ TLR2, TLR4 % > /N7 'E3&Hl 813, NGF, DGF & & |2 3E#

FEREICH R CERBREEO FNAEIZ F5H- L, NGF & DGF O TlX, AEEZHD R T-

(Fig. 2A, B), —J7HRE 543 D PAR2 % /87 R HI&1X, NGF, DGF & & ICIEREFERE
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KRN AEIC LA L, NGF & DGF Ol Tt #2f8E T DGF O A BEIZEm o7z

JEn

(Fig. 20),
PEFE 15 537 @ phospo-ERK1/2 # > /37 3Bl iIE, NGF, DGF & & IZIERFEREIC &
D LEERERED TN B L, NGF & DGF @ i ClEIEsEfift s L OERRE & £ 12 DGF 07

M NGF X0 b FREICHE»>7- (Fig. 2D),

*

A . . B C, . —
[ 1 — 8 *® * | — ——
5 10

i 3

Es E e

= o =

@2 2, e 4
1 sl T B
o ] 0
En — + - +  En - + - + En — + - +

DGFs NGFs DGFs NGFs DGFs

Fig.2 Influence of F. nucleatum on protein expressions in NGFs and DGFs

GFs (n=4 each) were inoculated with £ nucleatum (Fn). After inoculation, total proteins were isolated at 5 min for TLR2,
TLR4, and PAR2, and at 15 min for phospho-ERK1/2. The protein expressions of TLR 2 (A), 4 (B), PAR2 (C), and phospho-
ERK1/2 (D) were also observed in NGF and DGF inoculated with £ n by Western blotting. The signal of the target protein

band was quantified, normalized by B-actin, and calculated the relative signal intensity (rSI). Data show the mean + SD. *p <

0.05
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3. P-OMVs B K 2 M A Aa O 185 16 B~ 0D fE 22
P-OMVs Il 6 BEfEIf: D IL-1p38 X OV IL-37 D& 3Bl % Fig. 3 12779, NGF,

DGF (32 E5 L7z, IL-1p&E s 3 HIE NGF L W DGF O A EICEm <, IL-37 &fx

FFBLUT DGF @ J5 8 AR o 7=,

>
oo}

¢ &2 8
*

8

IL-1P relative gene expression

e DL B L T WL
= =

IL-37 relative gene expression

8

P-OMVs

L NGFs

=~
&
2.

+ +
L NGFs — L— DGFs —

t+
]
mL+

Fig.3 Influence of P-OMVs on IL-1f and IL-37 mRNA expression in NGFs and DGFs
GFs (n=4 each) were stimulated with P-OMVs for 6 hrs. The mRNA expressions of IL-1§ (A) and IL-37 mRNA (B)

were performed by quantitative PCR. Gene expressions were normalized by 18S rRNA. These experiments were

performed in GFs in triplicate. Data show the mean + SD. *p < 0.05

4. P-OMVs JIIPIZ L 5 #E2E/ AR D phospho-ERK1/2 ~ 5224
P-OMVs Il 15 43# @ phospho-ERK1/2 % > /X 7 B3 Bl X P-OMVs #ili#% C NGF,

DGF 32 & L, fOA I 59, NGF L Y DGF O 53 A EIZ @ - 7= (Fig4)
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5.

6 %‘ Fig. 4 Influence of P-OMVs on phospho-
a > . * . ERK1/2 expression
E ! —— GFs (n=4 each) were stimulated with P-OMVs for 15
'%. } min. The phospho-ERK1/2 expression was performed
fg' ? by Western blotting. The signal of the target protein
2 ! ’_L‘ band was quantified, normalized, and calculated as
P—OMOVs — + — 4 relative signal intensity (rSI).

l NGFs ) DGFs i Data show the mean + SD. *p < 0.05

ERK1/2 inhibitor (PD98059) ¥SANZ L 2 S 2RI O T An - FE Bl ~ D S 28

PD98059 MEURINIS LN P-OMV FERIIAEAZ =2 b —LREL L7z, PD98059 Hijl

WY, NGF BL U DGF 12815 IL-1p BLWIL-37 OB FRERFTa S Fr—

NWEEL L RTHEREZZRO o T2, X612, P-OMVs FIIEHEIL NGF 3 X TWVDGF (12

BT D IL-1B BLWIL-37 OBEFRIUT 2 ha— i & R THEREIC EA L (Fig.

5),

P-OMVs T#F¥8 S 170 IL-1Bi# s 138X, NGF, DGF & 12 PD98059 ¥shniz &

WEEICIE T L7z (Fig. 5). —J P-OMVs I[ZFE &7z IL-37 s+ 8%, PD98059

INT XY NGF TIEARICIK T 5 60D, DGF TIEA EZAEZ 7O 02> 72 (Fig. 5B),
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Fig.5 Effect of an ERK1/2 inhibitor on IL-18 and IL-37 mRNA expression in NGFs and DGF's
GFs (n=4 each) were treated with ERK1/2 inhibitor (PD98059) for 15 min prior to stimulation of P-OMVs. After
stimulation of P-OMV for 6 hrs, IL-1B (A) and 1I-37 (B) mRNA expressions were performed by quantitative PCR.

Gene expressions were normalized by 18S rRNA. These expressions were performed in GFs in triplicate. Data show

the mean + SD. *p < 0.05

% #
ARFZEIL, DS (Z388 H 5 BEEEH AR OIIE & #1700 A 5 = X L OfEIA %2 A I,
NGF & DGF 281 % E nucleatum $FE F 7213 P-OMVs B 57~ 2 MUK E M O E O %
L7,

F nucleatum \Z X 5 IL-1p, TNF-0, IL-8, MMP-3 72 & NI MMP-9 i&fs -8 8L 5

21

I NGF LV & DGF O i3 mvo 72, IL-1p & TNF-o (TR L - CTREBE S, )
WO RIEEE BN THLOZRE ZH > TBY, R eildlcfEl L TSR Raking %
FHRLTNG 22529 L8 X7 EHA L D—DTHY, RIEIRNL~D [ ML ERBE ETE M

TERAEET 2 2 1200 Tl AFSEHEER - AFHRER - T MR OWEATEE, A hERTEME /2 827
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HEEZRIEFTZEPHESNLTND ¥, TNUOLORIEAT 4 =—F—(F, BHERIETHD

HEIC BT b AR X 2R3 55 50, Ffiish~ b U v 7 R53fiEEEFR T D MMP

VIALRRI B G- U, BHESEMIL TIZI MMP-1, 2, 3, 7, 9, I3DFEAINDZ ENmbN

TWA D, ZDORH)TH MMP-3 1Z, MMP-9 72 P> MMP O RIERAZTEMAL &8 5728

HEIRIC BV THERZEI ZH S THD T ERMBIL TN D 245738, X 52 MMP-9 [ /H

O ERERE L HEITICBIE L TV D e DIRREOIRIE & L TOF AR HE ShTng ¥V, F

nucleatum 7215 T72 < 269 [L-1f X° TNF-a H £ 72 MMP-3 ° MMP-9 O {518 B E A

FTHDH 384 >FVY, DGF BITD F nucleatum $#FE1% 9 B> MMP-3 3 L U MMP-9

OB EF L, @REICEI L IL-1B X° TNF-o (X2 ELEZXLND, ZDX)

IRADASA Z I DS BT D BEEWEHOIRA & 7> T L ARENEZ BN D,

F nucleatum 73 ERHIBOICERRR SN o8 L LT, EEBIZHFET S LPS X TLR2 B

L ONTLR4, HEEfE % > /X7 B D FomA X TLR2, FadA X E-cadherin, Fap2 [3##$H TdH 5 D-

galactose-B (1-3) -N-acetyl-D-galactosamine & I ZNAEAT D 2 & BNHE I TN 5D 570,

8] F nucleatum 2 X - THHMEZEMN O TLR2, TLR4 23N FH L7-01X, FEIT E

nucleatum DFEJE D LPS 72 6 NI FomA 78 TLR2 B LN TLR4 IZHEA L7-Z Lick by &

HEZL SN DM, NGF & DGF ICHEBEZEZRD RN -T-, TN E TOWETIE, DSIZBIT5

TLR2 <> TLR4 (Z-DVNThE & 702 BfiEA & 5 7173, Huggard & VX LPS & TLR12 O7 F =X

N TR L7 ff P ER & BLERIC 1T 5 TLR2 OBIsF-FEBUIMEF Z R LV & DS kD53
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BICES D EHELTVDS, &5 TLR TH 7 X —4 37 EIZB\WT, myeloid

differentiation factor 88 {7 FEHLIEL DS HIk DI 23K < 72V, TIR domain-containing adapter

inducing IFN-B (TRIF) &5 7-FEBLIL DS RO FRE L 725 Lo Tm B 7R INEMEN & 5

TELHESNTWD Y, T HDOREL, DS EE#EE T Down syndrome critical region

protein 1 (DSCR1) 235 L TW\A EEBEZ L TWD T, —JF, ERIEHIIICIS T 5 —H

#:27 (single nucleotide polymorphism; SNPs) fi#AT C I &5 DA M $ I % 7= DS J5 L UMt

WA D TLR2, TLR4 @ SNPs A NZ — NI TOER I NV—TFTRI L ThH o7~ & O

HdHD T, BRSNS O E AR TR D01, AWM R L 2 bR

fENT ORI RPEIL T & H NV BETRRD O THDLEEZDBND, KAWL, TLR OT

BT R—2 X FICONTOMEHIAIT> T2, NGF & DGF T TLR2, TLR4 DX

NRIBRBEEIIEDLLRNE DD, THETH—DRB N — N Ipnl=Z LT, ZDH%D

T IREREE D phosopho-ERK1/2 D& 2 /X7 BERBLEICA BN Tl i b G E T

RNV, SRS ORDMBADLETH D,

AAFFEClE, TLR2, TLR 4 & [RIEEICHIINEE IZIF/ET D PAR2 381X NGF LV ¢

DGF O R EEICEm WS R Th o7 F nucleatum BRDIERHESERIL D PAR2 2 &ML & &

AEEITNE OO, MOMINFEIZ % U CiE F nucleatum 7> %5 BEEA 35 Fusolisin 72 & D #

YRTEGREEE b oY T u T T =8N, RIEER EOEITICB W TR LR

ERHREINTNWD T, LLEDZ & B ARMIEIZE VT NGF, DGF 302 F nucleatum
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AT T 7T —BICL > TPARZ MR L2 b D EHEE S, a7 7 —EHEAIC X

HEMOMR LA HBLETHDH, LT, TLR2, TLR4 72 5 TNZ PAR2 O FiiiTH 5

phospho-ERK1/2 @ % > /X7 B 5BLX NGF £ 0 & DGF O J5 )5 F nucleatum FEHEFERET S /&

Mo T=7, DS HEEEG T TH 5 DYRKIA X ERK12 OIEFMEEA RS E D L OHE D 1nH

D, U YI—TH25DGFIZBVWTIiZ DYRKIA 7 NGF @ 1.5 20 BIC/ 5 2 LIZERK

95 L Ebisd, PAR2 X ERK1/2 #J U CRIEM YA A LV ORBFEEZMH S L OWE

B8 NI DH T E DD, DGF IZEBWTIX F nucleatum \Z K-> T X ViR FEH FH L= PAR2 &

FU Y —TER L72iEF 72 DYRKIA 73 phospho-ERK1/2 Ol Z2 33 FH- 2558 L, IL-

1B, TNF-a, IL-8 725 ONZ MMP-3, MMP-9 OIBG I HL EFIZ DR B> 2D TIEpunind

Bbivsd, LEDOZ 05 F nucleatum 1% DS 12BN T X 0 —J& O BHLA D A IE O

MAkpR 2 &, EEEAREZHEET 2 EERRERFO—2 &0 55 Z LAVRESNI,

P-OMVs HIIIHIC K » TEHFE SN RIEFFEMEY A M4 0 ThH D IL-1B BinF-FEL

X, NGF L9 & DGF O NAEIZE N ST2b DD, FIRIEMNY A A ThD IL37 '

f5F3BIEL NGF £V b DGF O BNEEIE -T2, DFE VA M A BT HRIES

FEMFIDOT N T AN DS IZAEL TS Z ENHEE ST, P-OMVs i X 5

phospho-ERK1/2 D % L /X7 B AEBLOHE S THMESEMIE~D F nucleatum HEFEZEER & [RERIC

P-OMVs FERIITYRE, HIAE S B2 DGF O 53 NGF LV Edvo7-, 2%V DGF Tix ~Y v

2 —IZEINT 5 DYRKIA OiaFE|7Z2 5815 phospho-ERK1/2 DOFEH EFIZBIE- L T\ 2% AldE
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MNRZEZ N, ZOMBITEEDORSE LFREEETH D 31828 Z LT, ERKI1/2 @ inhibitor

T % PDI8059 AN & - T, P-OMVs Hllif CaF&E 7z IL-1B EinFFBLiX NGF, DGF

EHICHEBEICIKT Lz, —J5 IL-37 8fs 73 BLE PD98059 sz X - T, NGF CTidHEIZ

KFT2H00, DGF TIIAEEEZRBD2N->T=, ©DF Y, NGF TIXIL-1B, IL-37 & HiZ

A5 FFE BT phospho-ERK1/2 75BH5- L TN % 8480 A3 DGF Tl IL-37 a3 HI R

%588, phospho-ERK1/2 LIS ORREEMNEEE LT\ D Z EAVURIE STz, IL-37 85 i3

K 2qI2 IZIFAELTEY 8, 21 BYRE s o DS & 2 Btk & ORRIEIZ YW To#H

Bix7e <, BREIL-37 OBIGFREEDZFOONCONWTUIEI R ERVVETH 5,

bz LG, F nucleatum 3 32O P-OMVSs (2503 A 15 A0 O 5@l 70 K 9E SO &

PIRIEMEY A A THD IL-37 OBEFEBUC LD A b A VREDONT o AGED,

DS (21T 2 H AL # O RAEF L OEITICBI G- D ArREtE R S vle, £72, &I Tl

P. gingivalis & JEH & OBENEMERHE SNIGO TND 889 DA D= A LD —DThH %D

P. gingivalis X° F. nucleatum |2 X D RIEVEY A A OFEBL & Z3UTLE D i ERD S D ROS

PEEDIERIZ K 5 DNA HIGOFIICISUT D BRI P gingivalis £V b F nucleatum 075 73

RN EHREINTEY 88  F jucleatum OFIFENTFEISIER L OVETIHIICB W THEE

THD, Fiz, IL-37 TRIEMBIBEREZ T T2 <, FMIa O HFEINHICRRR i 72 & 23 Hedy

STV D 8909 —F5T, DS TR £ OETZE ORIERPRNZ LR F b, 21 &

etk FI2D 5 DSCR1 X° DYRKIA MNEHET 5 Z ENHREINTWD 9, F nucleatum 2R
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2 & B IE B 22 S PESS P-OMVs BIlIC X 5 IL-37 DIERIEELZ7~R7 DGF 1%, JEIRIESCHE

ITOA N =LA DOFERET LE L TCOARMELEWATREEN G 5 & Ebh,

AR RITFEF ICABRTHDL LEZ NS,

¥ =,
i

DGF (28T, FE nucleatum 1% PAR2 35 X OV O Tt ® phospho-ERK1/2 % X ¥ it 5|

(i &4, IL-1B, TNF-a, IL-8, MMP3 3 X O MMP9 Oiffs -3 HFE A L 0 % L <

RKEES, &5|Z, DGF TlE P-OMVs $ill4iZ L » T IL-1p & IL-37 O s FREFEICT

NG UAIHAEL, IL-37 OB FIEBLFFEIZIL phospho-ERK1/2 LIS D#EEE D B 573 B& o

iz, T oD Z &N, DS IZET 2 HEE M ERORBIER X OEITICEE S L T\ 2 ATREMEDS

TR X T,

AGwIE, FE L7252 E5 L [Imbalance of IL-1 family mRNA Expression and IL-37 as a
Potential Therapeutic Target for Periodontal Inflammation in Down Syndrome| International
Journal of Oral-Medical Sciences & 77, ¥ X ORI L 72 5 5%5m 3L [Down SRR H I 8 A
FRHEFHIRL ~D Fusobacterium nucleatum ¥FE0O %) A K AMERFHEETE, #F L D7
LDOTH D,
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