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BUE, BOEITE RS THY, Flnd OREEHFME2VDNUE R CE L0 MEE -
THY, EMFEH AT =R LOMEI ) i B E R L 725 TD. DRSOl 5 5 R
(Cardiovascular Disease: CVDIZxt 9 Db A N RfERE 7 ThoA, ZOREBEETH
LHENREEAVIE ENER A S DT DA = X LT FEE -+ I S ey, Fz, I
B JEIR O FIE ST IR W TH G322 A SN TN S.

AT, B JE P> HENIREE L E 2 AL S o8P IS Z L 23 BE 5 L TV D EREL,
AR AL 2 i Z U7 R BE C ol a9 R O RAEMERI IR EE S 228 TC, LD 5% fE
HT2ZLaHNELT.

B KEIARLE PN A A (Human Aortic Endothelial Cells: HAECs) ki85 452
ORI L REL, HERIRE T Porphyromonas gingivalis # 3D LPS %R
ML T, EALBER B Th 2 i 8 5 & B IREE AL IE O AR R B IC B 53 2 R F O F Bl & 4
real-time PCR ¥} 0" ELISA B2 CTHRFIL7-.

ZOfE SR, IL-6, HGF, HMGB1, IL-8, CXCL5, MMP-2 DR BAVH Iz L7z, —
77, IL-18, TNF-a, VEGF, IL-17, MMP-3, MMP-9, MMP-12 03/ 8B 5772551 338
D OIS T.

L EDfERND, )8 9% & B IREE L IE O BARR R I W T, Bfb i 2 U 7o
JEIP F R D IAENERITR NN 2 Z 8 K> Tt S o8k« 72 SASP K7 725B8 5L, SASP
IZE- THIER SN AWM FH LD TR B A B LS8 I B W CE B &R 8 2 Jh -
FRREME DS RIRS L. AP DS B0 1T, EAVBIER BT DR A in R O ik
WML CEDAIREMEA D TV D EE X BILD.
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HE T BE ALV ENS TR TOSBTRB W TES, B, WERROHIT
W5, ERHRICE S THEEE DINL CODZ R, BB R BICRB L I RHK BUR
BADOHIMEZEKRL, BFERICBOD ORI TEDIIRDOLN TS, 22T, 4

LIXBERD O FEREIR IS I DI Se A IR S, SRR A ER A B 5L
FEAT SO T E DR DS,

BRI, O 4 7 H (Cardiovascular Disease: CVD), BERF, FAHetiitize, 1844k
PRIEVERTZE 8, BN O A TS BRI BES DB 2 H B DY AT K 1L LT
e ILMCHESILTERY, —ZNLOE B EOBEMF OB T 2 2R3 A TN,
SHIZ, ENHOREF ORI SR IaBIEORVENE FND.

ZoWT, CVD IR MEE, AHENK, REINRE, it s E, REZE7R S oo Dgii
RN BE 52 D5 OFEBORH T, B AR TIIRERAROE BRI Y 35, T72bb,
FEREE 2 A ChLLEEL, 5 4 MO ERBEGDOEHEFERE 1 M OEMFEMIZ
VL 23 CHEIA T, HARANDOEROHENOHEE THD.

CVD OAREIE, BIREEDINE T HZLIZRDHIEDIR T, HDVNIAE I L DB RAELIE
WZEEERLTRY, ZOFRIEITMEEIIZHIINL, 80 kLl Lo @n® Climil Lo AEs
RLTWD, ZOT2, Ml l> TR ZD AR EAL BRI E O R IR E AT 5L
TWLHEBEZ LN TS V. —T7, ARG~ DBREER 1R BB M 95 415 18R
ELTOMlEES D, ZOFIERSMENZENEEINL T 2,

BUEET, AR DENIRIECIE T 28 LU C, (DR EFRAE, S50 LM
PEAEMZ XD M8 N B e 3 2 BB EAE A 9, (QMEH DV ITHIEEAMIC LD
IL-6, TNF-a ZEDJIENMEY A A RIS L5 M N RISk B R B E R 2,
(3)LPS <° IL-6, TNF-a %D RIEVEY A NI AL ORI LTI DEASND C UG
BT RMIET IRAR ASAA) 2L X7 %D M Z L 3 7\ ZXD BB FEF 9 8 5
DOREFEDFATREMELE L THEIT BN TWDEN, HEDVRV K THHENDZLITEB BT
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ZZT, KR TIEMIRBDOIAZR 1 ThoED, ZSHER T L7220 /¥R B OB M
SR RIT LU CWD ATREMEA R T 957280, KREMIRIME N R AR OREAEE 8 F2BR A 1TV,
EACHIRE B JE 9 F SR D RIENER 72 2B S, T OBRTEASN D EALREHE Y
(senescence-associated secretory phenotype: SASP)ZHIEL, #{LDORGE#MFET 52

EERHMELT.
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1. i
AR, 52 e KENRIME N MR (Human Aortic Endothelial Cells: HAECs) (Lot
No: CC-2535, LONZA, NJ, USA) ZHE ALFZBRICHEL 72, 2 7 L MOE T 5 ETHE

7w, 3 kM (P3), 5 Ak (P5), 8 FRAlkHile (P8)Z FBRICHLL 7.

2. SAA B L5887 F B L OB L E B L DB s T BLEDORE

WD HAECs 25 o (EGM-2 Bulletkit, CC-3162, LONZA, NJ, USA)
ZMNT 10em 74y =2l Tar7 AT MIET 2ET 10 HRORE#RZITY, 50 77
cell/ml (ZTCEUNL7-MIfEE 6well 7L —MNIHEREL-. 25ug/ml OEMMIETIRAREH
(human recombinant Serum Amyloid A: SAA) (300-13, PEPROTECH, NJ, USA)% 5%
HOIZHIINUIZEBRRE, JERNOX BT TEhEhEEERL, a7 /L MBI I
% Trizol®IZ AL, BRI L7-#ifa g%z NucleoSpin® RNA (740. 955. 250, 27
7, W, BANCT total RNA Z#iH, PrimeScript™ RT Master Mix (RR036A, %%
Z, W, BANCTHHEREAETTV cDNA 25572, 20 ¢DNA Z##1 1L Intercellular
Adhesion Molecule 1 (ICAM1), Vascular Cell Adhesion Molecule 1 (VCAM1), cyclin-
dependent kinase inhibitor 2A (p16), cyclin-dependent kinase inhibitor 1 (p21),
Tumor Protein 53 (p53)® mRNA #iH, &&1t% real-time PCR JEIZChifTL7z. 7z,
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) % NI FE#ELL, fHXHIEHLEA
HHL7Z (n=6).

Fr B 774~ —EdFL, ICAM1: sense 5- TGTATGAACTGAGCAATGTGCAAGA

-3, antisense 5- CACCTGGCAGCGTAGGGTAA -3, VCAM1: sense 5

CGAAAGGCCCAGTTGAAGGA -3, antisense 5-
GAGCACGAGAAGCTCAGGAGAAA -3, P16(CDKN2A):  sense 5™
GGCACCAGAGGCAGTAACCA -3, antisense 5-



CCTACGCATGCCTGCTTCTACA -3, P21(CDKN1A): sense 5-

TCAAATCGTCCAGCGACCTTC -3, antisense 5-
CATGCCCTGTCCATAGCCTCTAC -3, P53(TP53): sense 5-
TCGAGATGTTCCGAGAGCTGAAT -3, antisense 5-
GTCTGAGTCAGGCCCTTCTGTCTT -3, GAPDH(GAPDH): sense 5-

GCACCGTCAAGGCTGAGAAC -3, antisense 5- TGGTGAAGACGCCAGTGGA -
3 Th-o7- (K 1).

72%, real-time PCR % X TBGreen® (RR820A, #1717, Wi, AAR)IZLHA2—h
L —H =R ChifTL7=. #HiZiE, AB 7500 Real-Time PCR System (Life Technologies,

USA) L 7500 system software (ver. 1.3, Life Technologies, USA)Z i L 7=.

3. SAA HIICLD SASP K- DX 7B EOHIE

P3HAECs |Z 150 2 O 1ELRIERIZ SAA ZHIRFRINU 7 BEL IR ORE, 35 KON [E]
I 8 WA SAA ZIRINUIZRED 3 BEAIERIL, #5488 RIEZ NI, K54 LiEH o
SASP KD &> /378 E% Enzyme-Linked Immunosorbent Assay (ELISA)¥:ICTHE

#L7-. SASP [K7-£L T Interleukin (IL)-18, IL-6 Z I EL7 (n=2).

4. Porphyromonas gingivalis (Pg.)H&URZHERINIZLD SASP [K1-DX <78 &
DHE
HRWEMEOLI S THD PeOMBBEIZHFEIEL ., FHIEMEO & WK % b
(lipopolysaccharide: LPS) (SMB00610, Sigma-Aldrich, STL, USA)72 HAECs (24T
MAE BT 5720, Lo 404 2F L T P3HAECs a7 /L MIET
LETH#EL, Pk LPS (0.1pg/mDZUSIL T, 3 Bt o858 g2 AL SASP

T Tos IL-18 DX X8 B4 ELISAJEICCERLZ(n=2).

5. PgH ¥ LPS O EKRFLHIKIZED SASP K104 R_IEEDOWE
5



TR AFI 7 Pgtsk LPS ik SASP K 1-DF L NI B BEEARE T 5129,
PSHAECs =27V MIETHETHE &L, Pg.Hk LPS (0.01pg/ml, 0.1ug/ml,
1pg/mDZFIL T, 3 RFf % 1T E A2 2L SR BiE &I L SASP K+ T s IL-

18 D& E 8% ELISA Bl TCERL-(n=2).

6. Pg.H3% LPS ORMEEMIEAFR7 %255 SASP KD X <78 EORIE
IR A7 Rtk LPS filid SASP KX R E BB a3 570,

PSHAECs 2> 7 )V U NI#ET HETRAEL, Pg. ik LPS (0.1pug/mDEINLT, 3, 6,

12, 24, 48 WEM 4128548 HiEZEIL SASP K1 Ths IL-18 DXL\ E F% ELISA {4

WICCEELZ(n=2).

7. HAECs ORISR IO BLE WIS RIE T RO R

HAECs OfREF R L HMIDOELE G WG 5720, P5 HLLIL PSHAECs %
a7 NVENIETHETEEL, Pg ¥k LPS (0.1ug/mDZIRIMLT, 3, 6, 12, 24, 48 K
#1538 B SASP K1 Thd IL-6 DX 7EH &% ELISA tEIC CEREL

(n=2).

8. HAECs O&1kiZxt¥ 25 LPS Hl D52

P5HAECs #2227 )V NIEET HETH#EL, Pg.Hk LPS (0.1ug/ml) ZIRMLT, 3,
6, 12, 24, 48 M1t (2K 48 RIEA[RINL SASP [R1-0& /378 &% ELISA MEICTE &
L7=. SASP [A¥-£L T IL-18, Tumor Necrosis Factor-a (TNF-a), Hepatocyte Growth
Factor (HGF), Vascular Endothelial Growth Factor (VEGF), IL-17, High Mobility
Group Box-1 (HMGB1), IL-8, C-X-C Motif Chemokine Ligand 5 (CXCL5), Matrix
Metalloproteinase (MMP)-2, MMP-3, MMP-9, MMP-12 #% | & L 7= (IL-18, IL-8,
CXCL5, MMP-2, n=4; TNF-a, HGF, VEGF, IL-17, HMGB1, MMP-3, MMP-9, MMP-

12, n=2).



9. MEMLHEE

EEAERIE, FHME £ RS TR L. BFHAEICIT SPSS® for Windows
(ver.16.0, AART A -t —-xhtl, BH, AARZEMAL, WEEOFLEEDEL Sstudent D
BB TN L=, P<0.05 2 EZ£EHVELT-.



1. SAA FIMIZ L D48 5 B IO LBEERE T OB FHRBLEORIE

P3HAECs (ZXIL T SAA IZEDSIEMRINNAZINZ 5212 8o T MBTEE R - DB
BNEAL T DDERRGTLUIZAE R, real-time PCR {EIZEABE FRBLEICEWT, #5501
Thb ICAM1 BLU VCAM1 OBRFHELEITA BICHMLZ2 (X 24), E(LEHEE
51 TH5D pl6, p21, ph3 DIHIBLEIIA B EITRO LN -7= (X 2B).

2. SAA Fili#icL5 SASP A1 (IL-1B, IL-6)Dx /378 Bl &

P3HAECs (ZxIL T SAA Hli#IC L2 E M BHEEAR T3 BLE O L ITZED Aen o721,
AMfRAMZ IS5 SASP K7D R_IEENET D03% ELISA JEIZTRETLICRE R,
SAA HIIZ XY TL-6 DX 7B &I A BEIZEINLIZ23, 1L-18 ®ICH B2 ZEITRO v

not= (K 20).

3. PgLPS #Ili#izL5 SASP K1 (IL-1B)D & /378 &l E

P3HAECs (Zxf7% SAA FIKIZEOMIasMCIsIT D IL-18 DX/ U E BT Bk
DI oI, Pg ko LPS IFICIVMlasMC 1T o5 R~ &NET DD %
AUIZAESL, LPS #IBICEY IL-18 & 7 E BB Z R LT, A 82180
Stz (X 83A).

4. PgLPS EEZAICES SASP A+ (IL-18)D X /7' EllliE
LIRTO#E d2b ORI U7 EE, N Cl3s "B BICH BRR 7z 7o
C RICEE LPS IREAMF 5720, RE (0.1pg/mD% 0.1 fi%, 10 51228k, IL-18
DE B REEAELTZD, ZITEED LN -7 (X 3B).

5. PgLPS IRMEICED SASP A7 (IL-1B) /37 B &l E
8



Pg LPS RFECEALNAEL e o7z1=8, LPS MR 2 2L TRt L=, LPS IR 1T
0.1 pg/ml ([ZEEL, MALEIULAT 3, 6, 12, 24, 48 FEHJIZ LPS 2L, IL-18 DX /R0

BOBERFIL. UL, EOFERTH A RITED B -7-( 30).

6. HAECs fk{\35ic L% SASP K1 (IL-6) DXL 37E Bl

M3 12 LA M Z L 238 T, HAECs @ SASP RHENL(Ld D0 ity
HAECs O P5, P8 ZE#UL, MRFEERFHIZZbSE 7z LPS FIMIC LD IL-6 DXL/ g &l
EEMATUZ. P5 BXO P8 &g, LPS BB R MK Ic & B3 B Lz
(X 4). L)L, P8 HAECs IZBW T EBR 7 B h Ui > 752 Clday 7V M2 d
F MG CE P, BRI T ICHIIAS R CODZENDEIC I DHINESEN L T
WA RIREME DS RIB ST, D728, a7 )V MAHERTE, /v P8 L[RIAEIC SASP
T THD L6 X/ VB ED ERZRDT- PSHAECs IZH8 W ThilkEi 8 o Lo Mia &k

DAECTOWDEEEL, BLTFOERIZEWTIE P5 HAECs 2 L TEtL7-.

7. P5SHAECs (2% % LPS i 5%

LPS #lli#c ki3 B o IL-6 DXL BB T-28 80, MREEE I 5/
faZ{b2s SASP OB ET 5% MaL7-. PSBHAECs (ZxFL TR A 22 b3 E
7= LPS RIIMZEATV, BN L7-8538 BIEIZR1T 545 FE SASP K+, YU (IL-6,
IL-18, TNF-o, HGF, VEGF, IL-17, HMGB1), 7E7%1> (IL-8, CXCL5), #1731
f# (MMP-2, MMP-3, MMP-9, MMP-12) DL &4 JIE LT, ZO4ER, LPS fili%ic
v IL-6, HGF, HMGB1, IL-8, CXCL5, MMP-2 ®pE/L Bl A S IS (X 5). L
7L, IL-18, TNF-a, VEGF, IL-17, MMP-3, MMP-9, MMP-12 O A EICH B2 751T5

WoNeh o7 (X 5).
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EAL LTS AL BRI THH LW B LIGR AR S S T0D 7. il
ZAbLiE, Ml REORALZERL, i, B F3E, MiagiE0Z(bartEs 9. 8k
LU= AL (R e 23 &5 L DNA #1555, FI2 NF-xB 23 EH bEin
HZEIZEY SASP ZRBLTHZENWESILTNS 919 | SASP [FHRHER I )b D —T5
T, RIESSETCHES DLV a2 S S 9, 73Sz SASP IXBMEIIEA ST 52
ERRESI TS 19,

77— ARG (G, KEIRICIRE SMHENE SR 0 AR T 2 2 L A Rl e 9 24T
PEDEMEIIEMIR B THD. MENICEBUIZHEKIT~n7 77—kl VR
7B A EIA A CIARMIRA A FE R T2, TR TR ORRE b IR E (77—
LT T—=7) 700, MARE TR L COMEZERHM AT ORK LD 1. 77— LB IREE
{LAEIZN B RE P T LD SIE MR BT, AR DB NEHSBEDIR FIZL>Th
FAEL, SASP N 5T 52 ENHESIN TS 19,

F72, HERIL, TN T T OAFT AN L) DEREEE EORIE, gLy
FIE, AT THRATOEMIIEIER B THY, SR E 4 5 Lot B O T D
EZ R E 32 17, hERIFEMEOH T, LyRar T Ly s REIEINDRE DY T Lk
S MEE (Porphyromonas gingivalis, Tannerella forsythia, Treponema denticola)
[ZRDER F AT 4V SO, BPYERIEZ S| E 2 1819, L0 JE e R 23
HL O LPS X, HEDO~I/a7 77— OMORIEMAAZ AL, IL-18, TNF-a 72X O I
PEANIA L ZFHFETD. Fiz, TRODORIEMET AN NI~ rmT7 7 —, BRiEF,
o LR, A ERH0D MMP OFEAZREL, A Oa7— 7 Bt OmEIZ >
PR35 2020, S5\, 3N 128D Receptor Activator of NF-x B Ligand (RANKL)
EIEMEALL, BB AR RTERAEAR 1285 Receptor Activator of NF-x B (RANK)EDAH A
TERNC L0 IR O E S T=H L, Hlig AR S5 2229,

BhAREE(LIE ST DB LD 2T, (DIEDVET Vo ZIZELDHMEDOIRT, (21 i
10



AR DI AN LD A YRR, (B)INERIZ EONES /R B E DN KD R RN Lk %
IRERPHDHEVIHE PRSI TND 29,

F7o, HERRI IR 20T, (DE i JORE a0 ki JOHEGHO
ZALLBIEL TWD RIREME, (2) BZERAE) 3 oet 32 S LA D ML 2R D HE N &8 Y
ICBA 5% SASP DAL -5 BRI AR A, (3)Elii# 12 LB PN WA IS

FDLDTHHEVIREN DD 29,

UL, BhARAELIE 38 L O & 95 D F i@ DAL L= R IK - CTHHELA, WA
BRI T DR T L7 o TWDZEITH B TIX® 503, TOBGMFIIRIZHHASH
TR,

AR TIE, HAECs ZifAti 7 o2 Liclvfifa b At s, & 2ICi 89 R H
D LPS fil A M 5L, HAECs M HEFED SASP K- OFRBLNFHFESNHZENREN
7= (X 4-5).

B JE SR CREEA SIS TL-6 13X, RIEVE AN A LU TIFIEZRITEL, o migErIin
AR ASANPEEA - FS85. ABFETIE HAECs |2 SAA R &1 T 7L 2 A 57D
B FIBBIOIL-6 DX\ EEIIA BT, B BEEEL ORI EICH
BT o7 (K 2A-C). ZORERIE, PLANTERE S TOD LI 8 8 kD
IL-6 12D SAA DOFEANTHEESIL, BIRIECIEZBALSE LA =R L% TEFT 508 29,
SAA BMAE DA TIIMIEE Z LI EDIEDLETOREL KIS EDNREB I,

F72, IL-6 (2N ETIZ HAECs % LPS THIPT DI EIZXKVFEANEIINTHZ L0,
ICAM1 OFBUAARHET HZENHEIILTCND 20, BT, 1B MO RIERTRIC LD & P
ORI INEZ AL LIS, PRIMEINRT IL-6 DpEAENINT &R ESH
29 LPS HI L7z &~ A TR CRIEDE KT 2503, IL-6 /7T VM T ATIIRIE
A LTI e WO iE D DD 29, Ko TE(LMIIZ I W TRIEMERIIZ LY IL-6 1TEASH
LHERDND., AR CIIMii L2355 L7 PSHAECs 12X 9% LPS filJic &Y 11L-6 ©
LR EEPA RIS TERY, ZNETOWRELIZT—HL TWDHEB LN,

IL-18 1%, EAbARHE SISO THEINT 2 W) HiE 30°, HAECs % Pg.O#E Tl
11



WM 22818, BBLESHEINT22ENMESN TG 3, 22T, #{k HAECs (2B
THRIEFRICED IL-18 FEA BN THAREMENZEZ DN LD, ABFFEIZHB T
P5HAECs % LPS THRIKL T IL-18 fEA RSN o7, ZAUSHIAAE R Z O
R DA D720D TIH RN EHELE T 5.

TNF-a (%, HAECs (Z%9% LPS fIICLAISEIC BT 28320 A, 7To—ubk
B IREEALRE OB JREE I THRELTDZENWME SN TND 32, F, ZBEET7T P20 ME
HIRFRET L~ AT LPS fliAE Nz D@5 O~y AL gL C, FHIIZ TNF-a FEA
BT DLV B R HD 39, AKBFFEIZIBNT TNF-a OF L S Bt inL2ah -~ 7=
DU, MIEFEIC I DL O TIH RV EHEE 5.

HGF (388 A BRI 2 R T RIEME Y AN A THY 39, BREELIE D FEAKIZ
KT DVATR -T2 39, £, Tl ZE I RO EAEDRHEINT DV E DR HD 30,
AWFFRIZIBNT HGF OF 7 E & IFINL THY, LPS flIZLiilE ki &L
PSHAECs MOREASI, BIIREELIEDEALIZB 5L THAZENE X LS.

VEGF 12 & AEA 24§ 2 ER - THY 39, TNF-a IZk-> THESNDZEN S
N5 3, Fiz, VEGF IZMEE RSNz~ 7V VBRI AR AR ETH#E TS
ERBLEDHD T HLNIMEDNDHD 3. AHFFEIZIB T, HAECs # LPS filifi L Tt VEGF
DOPEARIIHININLU 2~ 72, A RIOFEER Tl TNF-a OEA RSB L2~ 72729, VEGF
DOEAIZITAIELIB LV TNF-a 23 5 L7z TIERVW e B 2 6D,

IL-17 X TH17 ARICEDEASND T ANIALTHY, ZoitbflE LT b E & LB
U~ T2 E DGPENTEMERIEMER BICEEL QWD ZEBNFHIL TG 404D, F7- ) TL-17 1X
Eiin~TU ZAOBAFH TRILL, MIEEGICEDRIEDHRIZE G L TWDHEWVOMERHD 2.
ARFZEZ T, HAECs % LPS filJ 4L Tb IL-17 OFEA BTN 720 -7 TL-17 13 IL-
18, TNF-a 7% TH17 M CA/E 352 L CREAMEET 223 S TRy 49, AE0
FERTIX IL-18, TNF-a EHIZZA L L7 >T7= 280 n, 8 7O RUNZIV L L 72D
STEEZHND.

HMGB1 13N R E A2 TS 2281280 7 7 v — MR BRI E 2 TS E D RE
12



P ANIALThD 9. Fi=, B DNA #5250 T NF-kB 37 F /U REATE R
SNHAER, HMGB1 2% HBIL, RIEZHRTLHEVIMENRHDH 9. AWFIEICIBNT
HMGB1 O A RAH EICH L IZZ 805, HMGBL (Z & EMERIEIZ > C PSHAECS 2
HREAEEN, BREE(LIEDEAGICEE - T58E 2 6.

IL-8 [FMEH LI 5T 57 E A THY, BIRIELIEDYAZR 1D 1 D ThD .
IL-8 13RI L ONEYLHINL CREAES AL, milin B CIBRENTHINT 28V OMmE 235 17, Fz,
HAECs % LPS THIBETHLEANEIMTHIENMESITND 9. RUFFEIZIHBNTS
IL-8 DX R VERITABEITHINU 72805, TL-8 IZRIEMEREIC L > T PSHAECs 55
PEASI, BRI (LIEDEAGICE 5355 2 bb.

CXCL5 % NF-gB 27 F ViR R AAE ML T 5 Z LI TV RIEZ G TR T DK 1 THY 19, 56
WERD T T =7 UL BT HIENHESI TS 50, Fo, eMERIIC W TEE
FH (25-37 IR LR L (38-45 ICRWTR 8 f5FEA SN, RIFHCRFTSI-E
~ A (43-53 W) DU IS Th Al (3-6 1 iin)~ w7 AL L 3 58I LA Lz
EVIOHRIEN DD 5D, ABFFEIZIBVT CXCLS OFEARNA ZEITHINL-2805, CXCL5
1% LPS #EIz LY PSHAECs TREASIIL, BJREE(LIEDEAICE 5T 5L& 2 bis.

MMP-2 (31L& FEERICBEDD T a7 7 —8THY 52, 77— AR bIE 230

BN DT F7— I HRICE BT HTENHESITND 53, £z, E(RITEY BT KE)
ARICEB N THI N A ERHMESILTND 59, KEFFRIZEWTE MMP-2 OX 378 &l

ECHINLIZZ2 80, MMP-2 1% LPS fili#i2&kb PSHAECs TEASIN, EMREELIED
BALIZE B L Qb EE 2L,

MMP-3, MMP-9 b & FH AEEMICBDL 7077 —EThs . mifld, LPS HIlIKIC
FOE M RN R (Human Umbilical Vein Endothelial Cells: HUVEC) THHi
DHINTHZEDNMESI TS 59, MMP-3 13 U7 SR AR M IR AL 2 s\ T3
Bl 2LV HY 50, MMP-9 (&b L7 8 #fi i ok M EE R e filal s B8 T JAK/STAT
FEFEDIEMEALIZEIOR 6 F5EL LRI 5LV OMEDRHD 57, AWFFEICIB VT LPS il
\2&Y PSHAECs T MMP-3, MMP-9 D% /7B &ITHAINL /27~ 7=, Zhub BRI L

13



TR DIE AL T LSS N D,

MMP-12 b & 8 A EHIC B 57 0T 7 —EThY, 77— AEEhREELAEIZ 3T
RHNBNITHL 890, Eli~TADMI7 a7V TIZBWTHRIEER LU TRIL, 7
WA —IRIRENTRESNDEACBIEM R RIE LIRS 2L) SASP K+ Thod .
2L, LPS #ili#(= &9 PSHAECs T, MMP-12 O X2 7B B3N~ 7. Z O
LTI ERRIAL LTI FE DO E DL T D EHEZ S LS.

LIk, AR CIESIEMES A N A Th 5 IL-6, HGF, HMGB1, 7 &1 Th5 IL-8,
CXCL5, 22 VB 455 REEH ThD MMP-2 D& 7 BMHEINL-723, IL-18, TNF-q,
VEGF, IL-17, MMP-3, MMP-9, MMP-12 O %> /37 B &\ S5 135880 o7
A1, HEIRNDORIEVERIB KA O 7 7 10— AEB AR CIE DAL AL 2 REAN T
TLOMENDD.

14



AWFTELY, MEREEER I DM Z L ZF 8L 72 HAECs (2 LT, #mIRE PgHk
? LPS (2D RIEMERIE AN A HZ LX), SR LIEDEALIZEE 59 5% SASP
T-DF B ENABICHINT 5L ResnT. LLEORIRIY, BREELEDEL
BEEEALRE 12T, BRI SR D SIEME K I K DRI B G- D LAvRaSnT-.

e

KA DD, TIRERAT LKA B0 LT RIS EH B Th A A R
REFRFBE o F AT A FE R RS 11 R 75 0D o5 B R A CRGH OB AR
LET. 72, AROZTICERL, IR0 4 50 L 72 K5 Bk FIMANTAF 78
PR HEL AP BRI A P A Rl e P BB, K Bl A ST A R A AL 5 e 0 i A
FHIE FRIE B OIOELE L B ET. FEARERICB TR, JHEE
W0 ELT AR R F o BHR A el . RIS B B E AL L B E9. 3b1g,
TSR B 1R IBY ELT AR R AR SR O BRI T R L B E T

IS, ZOWMRDEITIZHIZVMZ TR EL XA T ELTZ, ZE(E), (B,
(7)), BREEEFOIC LD DREHEL £

15



SCHR

1) Gando Y, Murakami H, Yamamoto K, Kawakami R, Ohno H, Sawada S, Miyatake
N, Miyachi M (2017) Greater Progression of Age-Related Aortic Stiffening in Adults
with Poor Trunk Flexibility: A 5-Year Longitudinal Study. Front Physiol. 30; 8: 454.
2) Ar’eva G, Ar’ev A (2014) Aging and periodontal diseases (review). Adv Gerontol.
27(4): 771-5.

3) Priyamvara A, Dey A, Bandyopadhyay D, Katikineni V, Zaghlol R, Basyal B,
Barssoum K, Amarin R, Bhatt D, Lavie C (2020) Periodontal Inflammation and the
Risk of Cardiovascular Disease. Curr Atheroscler Rep. 8; 22(7): 28

4) Li C, Zhang W, Frei B (2016) Quercetin inhibits LPS-induced adhesion molecule
expression and oxidant production in human aortic endothelial cells by p38-
mediated Nrf2 activation and antioxidant enzyme induction. Redox Biol. 9: 104-113.
5) Lu Z, Zhang X, Li Y, Jin J, Huang Y (2013) TLR4 antagonist reduces early-stage
atherosclerosis in diabetic apolipoprotein E-deficient mice. J Endocrinol. 2; 216(1):
61-71.

6) Lin B, Wang J, Cheng L, Liang J (2013) Role of JNK and NF-xB pathways in
Porphyromonas gingivalis LPS-induced vascular cell adhesion molecule-1
expression in human aortic endothelial cells. Mol Med Rep. 8(5): 1594-600.

7) Moriya J, Minamino T, Tateno K, Shimizu N, Kuwabara Y, Sato Y, Saitou Y,
Komuro I (2009) Long-term outcome of therapeutic neovascularization using
peripheral blood mononuclear cells for limb ischemia. Circ Cardiovasc Interv. 2(3):
245-54.

8) Minamino T, Komuro I (2007) Vascular cell senescence: contribution to

atherosclerosis. Circ Res. 5; 100(1): 15-26.

16



9) Rodier F, Campisi J (2011) Four faces of cellular senescence. J Cell Biol. 21; 192(4):
547-56.

10) Coppé J, Desprez P, Krtolica A, Campisi J (2010) The senescence-associated
secretory phenotype: the dark side of tumor suppression. Annu Rev Pathol. 5; 99-118.
11) Freund A, Orjalo A, Desprez P, Campisi J (2010) Inflammatory networks during
cellular senescence: causes and consequences. Trends Mol Med. 16(5): 238-46.

12) Hayden MS, Ghosh S (2008) Shared principles in NF-kB signaling. Cell. 8;
132(3): 344-362.

13) Birch J, Gil J (2020) Senescence and the SASP: many therapeutic avenues. Genes
Dev. 1; 34(23-24): 1565-1576.

14) Yoshimoto S, Loo T, Atarashi K, Kanda H, Sato S, Oyadomari S, Iwakura Y,
Oshima K, Morita H, Hattori M, Honada K, Ishikawa Y, Hara E, Ohtani N (2013)
Obesity-induced gut microbial metabolite promotes liver cancer through senescence
secretome. Nature. 4; 499(7456): 97-101.

15) Lusis A (2000) Atherosclerosis. Nature. 14; 407(6801): 233-41.

16) Herrera M, Mingorance C, Rodriguez R Sotomayor M (2010) Endothelial
dysfunction and aging: an update. Ageing Res Rev. 9(2): 142-52.

17) Kwon T, Lamster I, Levin L (2021) Current concepts in the management of
periodontitis. Int Dent J. 71: 462-76.

18) Socransky S, Haffajee A, Cugini M, Smith C, Kent Jr R (1998) Microbial
complexes in subgingival plaque. J Clin Periodontol. 25(2): 134-44.

19) Socransky S, Haffajee A (2005) Periodontal microbial ecology. Periodontol 2000.
38: 135-87.

20) Page R, Offenbacher S, Schroeder H, Seymour G, Kornman K (1997) Advances
in the pathogenesis of periodontitis: summary of developments, clinical implications

and future directions. Periodontol 2000. 14: 216-48.

17


https://www.ncbi.nlm.nih.gov/pubmed/?term=Lusis%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=11001066
https://pubmed.ncbi.nlm.nih.gov/?term=Rodr%C3%ADguez-Rodr%C3%ADguez+R&cauthor_id=19619671

21) Hansen B (1993) Role of matrix metalloproteinases in human periodontal
diseases. J Periodontol. 64(5 Suppl): 474-84.

22) Taubman M, Kawai T (2001) Involvement of T-lymphocytes in periodontal
disease and in direct and indirect induction of bone resorption. Crit Rev Oral Biol
Med. 12(2): 125-35.

23) Taubman M, Valverde P, Han X, Kawai T (2005) Immune response: the key to
bone resorption in periodontal disease. J Periodontol. 76(11 Suppl): 2033-41.

24) Wang J, Bennett M (2012) Aging and atherosclerosis: mechanisms, functional
consequences, and potential therapeutics for cellular senescence. Circ Res. 6; 111(2):
245-59.

25) Hunttner E, Machado D, Oliveira R, Antunes A, Hedling E (2009) Effects of
human aging on periodontal tissues. Spec Care Dentist. 29(4):149-55.

26) AL (2015) FEERA A R OBIIRIELA~O B, ARAH 7. 41(2): 148-149.
27) Ohta M, Kihara T, Toriuchi K, Aoki H, Iwaki S, Kakita H, Yamada Y, Aoyama M
(2020) IL-6 promotes cell adhesion in human endothelial cells via microRNA-126-3p
suppression. Exp Cell Res. 15; 392(2): 112094.

28) Blasco M, Chauhan A, Honarpisheh P, Ahnstedt H, Aigle J, Ganesan A,
Ayyaswamy S, Blixt F, Venable S, Major A, Durgan D, Haag A, Kofler J, Bryan R,
McCullough L, Ganesh B (2020) Age-dependent involvement of gut mast cells and
histamine in post-stroke inflammation. J Neuroinflammation. 19; 17(1): 160.

29) Gomez C, Nomellini V, Baila H, Oshima K, Kovacs E (2009) Comparison of the
effects of aging and IL-6 on the hepatic inflammatory response in two models of
systemic injury: scald injury versus i.p. LPS administration. Shock. 31(2): 178-84.
30) Coppé J, Patil C, Rodier F, Sun Y, Mufioz D, Goldstein J, Nelson P, Desprez
P, Campisi J (2008) Senescence-Associated Secretory Phenotypes Reveal Cell-

Nonautonomous Functions of Oncogenic RAS and the p53 Tumor Suppressor. PLoS
18


https://pubmed.ncbi.nlm.nih.gov/?term=Copp%C3%A9+JP&cauthor_id=19053174
https://pubmed.ncbi.nlm.nih.gov/?term=Mu%C3%B1oz+DP&cauthor_id=19053174
https://pubmed.ncbi.nlm.nih.gov/?term=Goldstein+J&cauthor_id=19053174
https://pubmed.ncbi.nlm.nih.gov/?term=Nelson+PS&cauthor_id=19053174
https://pubmed.ncbi.nlm.nih.gov/?term=Desprez+PY&cauthor_id=19053174
https://pubmed.ncbi.nlm.nih.gov/?term=Campisi+J&cauthor_id=19053174

Biol. 2; 6(12): 2853-68.

31) Takahashi Y, Davey M, Yumoto H, Gibson III F, Genco C (2006) Fimbria-
dependent activation of pro-inflammatory molecules in Porphyromonas gingivalis
infected human aortic endothelial cells. Cell Microbiol. 8(5): 738-57.

32) Rus H, Vlaicu F (1991) Tumor necrosis factor-alpha in human arterial wall with
atherosclerosis. Atherosclerosis. 89(2-3): 247-54.

33) Dimitrijevi¢é M, Stanojevié¢ S, Vujié¢ V, Aleksié I, Pilipovié I, Leposavié G (2014)
Aging oppositely affects TNF-a and IL-10 production by macrophages from different
rat strains. Biogerontology. 12(5): 475-86.

34) Gahda E (2002) [Function and regulation of production of hepatocyte growth
factor (HGF)]. Nihon Yakurigaku Zasshi. 119(5): 287-94

35) Morishita R, Nakamura S, Hayashi S, Aoki M, Matsushita H, Tomita N,
Yamamoto K, Moriguchi A, Higaki J, Ogihara T (1998) Contribution of a vascular
modulator, hepatocyte growth factor (HGF), to the pathogenesis of cardiovascular
disease. J Atheroscler Thromb. 4(3): 128-34.

36) Hunt N, Kang S, Lockwood G, Counteur D, Cogger V (2019) Hallmarks of Aging
in the Liver. Comput Struct Biotechnol J. 7; 17: 1151-1161.

37) Moens S, Goveia J, Stapor P, Cantelmo A, Carmeliet P (2014) The multifaceted
activity of VEGF in angiogenesis - Implications for therapy responses. Cytokine
Growth Factor Rev. 25(4): 473-82.

38) Wang H, Han X, Wittchen E, Hartnett M (2016) TNF-a mediates choroidal
neovascularization by upregulating VEGF expression in RPE through ROS-
dependent B-catenin activation. Mol Vis. 3; 22: 116-28.

39) Ratushnyy A, Ezdakova M, Buravkova L (2020) Secretome of Senescent Adipose-
Derived Mesenchymal Stem Cells Negatively Regulates Angiogenesis. Int J Mol Sci.

5; 21(5): 1802.
19



40) Zenobia C, Hajishengallis G (2015) Basic biology and role of interleukin-17 in
immunity and inflammation. Periodontol 2000. 69(1): 142-59.

41) Awang R, Lappin D, MacPherson A, Riggio M, Robertson D, Hodge P, Ramage G,
Culshaw S, Preshaw P, Taylor J, Nile C (2014) Clinical associations between IL-17
family cytokines and periodontitis and potential differential roles for IL-17A and IL-
17E in periodontal immunity. Inflamm Res. 63(12): 1001-12.

42) Faust H, Zhang H, Ham J, Wolf M, Jeon O, Sadtler K, Pefia A, Chung L, Maestas
Jr D, Tam A, Pardoll D, Campisi J, Housseau F, Zhou D, Bingham 3ed C, Elisseeff J
(2020) IL-17 and immunologically induced senescence regulate response to injury in
osteoarthritis. J Clin Invest. 1; 130(10): 5493-5507.

43) Kiibra B, Thomas B (2019) Th17 Cells and the IL-23/1L-17 Axis in the
Pathogenesis of Periodontitis and Immune-Mediated Inflammatory Diseases. Int J
Mol Sci. 105 20(14): 3394.

44) Zou M, Dong H, Meng X, Cai C, Li C, Cai S (2015) Store-Operated Ca2+ Entry
Plays a Role in HMGB1-Induced Vascular Endothelial Cell Hyperpermeability. PLoS
One. 17; 10(4): e0123432.

45) Salminen A, Kauppinen A, Kaarniranta K (2012) Emerging role of NF-xB
signaling in the induction of senescence-associated secretory phenotype (SASP). Cell
Signal. 24(4): 835-45.

46) Waugh D, Wilson C (2018) The interleukin-8 pathway in cancer. Clin Cancer Res.
1; 14: 6735-4.

47) Clark J, Peterson T (1994) Cytokine production and aging: overproduction of IL-
8 in elderly males in response to lipopolysaccharide. Mech Ageing Dev. 16; 77(2): 127-
39.

48) Walton K, Gugin B, Thomas M, Basseri R, Eliav D, Salomon R, Berliner J (2006)

A role for neutral sphingomyelinase activation in the inhibition of LPS action by

20



phospholipid oxidation products. J Lipid Res. 47(9): 1967-74.

49) Chen C, Xu Z, Zong Y, Ou B, Shen X, Feng H, Zheng M, Zhao J, Lu A (2019)
CXCL5 induces tumor angiogenesis via enhancing the expression of FOXD1
mediated by the AKT/NF-xB pathway in colorectal cancer. Cell Death Dis. 21; 10(3):
178.

50) Wang X, Liu L, Du X, Gu R, Sun Z (2015) CXCL5 is associated with the increased
risk of coronary artery disease. Coron Artery Dis. 26(7): 612-9.

51) Kawagoe Y, Kawashima I, Sato Y, Okamoto N, Matsubara K, Kawamura K (2020)
CXCL5-CXCR2 signaling is a senescence-associated secretory phenotype in
preimplantation embryos. Aging Cell. 19(10): e13240.

52) Alcantara M, Dass C (2013) Regulation of MT1-MMP and MMP-2 by the serpin
PEDF: a promising new target for metastatic cancer. Cell Physiol Biochem. 31(4-5):
487-94.

53) Kuzuya M, Nakamura K, Sasaki T, Cheng X, Itohara S, Iguchi A (2006) Effect of
MMP-2 deficiency on atherosclerotic lesion formation in apoE-deficient mice.
Arterioscler Thromb Vasc Biol. 26(5): 1120-5.

54) McNulty M, Spiers P, McGovern E, Feely J (2005) Aging is associated with
increased matrix metalloproteinase-2 activity in the human aorta. Am J Hypertens.
18(4): 504-9.

55) Zhang M, Xue Y, Chen H, Meng L, Chen B, Gong H, Zhao Y, Qi R (2019)
Resveratrol Inhibits MMP3 and MMP9 Expression and Secretion by Suppressing
TLR4/NF- x B/STAT3 Activation in Ox-LDL-Treated HUVECs. Oxid Med cell Longev.
105 2019: 9013169.

56) Zhang Y, Zhou S, Cai W, Han G, LiJ, Chen M, Li H (2020) Hypoxia/reoxygenation
activates the JNK pathway and accelerates synovial senescence. Mol Med Rep. 22(1):

265-276.
21



57) BaidJ, Wang Y, Wang J, Zhai J, He F, Zhu G (2020) Irradiation-induced senescence
of bone marrow mesenchymal stem cells aggravates osteogenic differentiation
dysfunction via paracrine signaling. Am J Physiol Cell Physiol. 1; 318(5): C1005-
C1017.

58) Scholtes V, Johnson J, Jenkins N, Newby G, Vries J, Borst G, Kleijn D, Moll F,
Pasterkamp G, Nerby A (2012) Carotid atherosclerotic plaque matrix
metalloproteinase-12-positive macrophage subpopulation predicts adverse outcome
after endarterectomy. J Am Heart Assoc. 1(6): e001040.

59) Liu Y, Zhang M, Hao W, Mihaljevic I, Liu X Xie K, Walter S, Fassbender K (2013)
Matrix metalloproteinase-12 contributes to neuroinflammation in the aged brain.

Neurobiol Aging. 34(4): 1231-9.

22



ICAM1:

VCAM1:

P16(CDKN2A):

P21(CDKN1A):

P53(TP53):

GAPDH(GAPDH):

X 1.

sense 5- TGTATGAACTGAGCAATGTGCAAGA -
antisense 5- CACCTGGCAGCGTAGGGTAA -3,

sense 5~ CGAAAGGCCCAGTTGAAGGA -3,
antisense 5- GAGCACGAGAAGCTCAGGAGAAA -3,

sense 5- GGCACCAGAGGCAGTAACCA -3,
antisense 5- CCTACGCATGCCTGCTTCTACA -3,

sense 5- TCAAATCGTCCAGCGACCTTC -3,
antisense 5- CATGCCCTGTCCATAGCCTCTAC -3,

sense 5- TCGAGATGTTCCGAGAGCTGAAT -3,
antisense 5- GTCTGAGTCAGGCCCTTCTGTCTT -3,

sense 5- GCACCGTCAAGGCTGAGAAC -3,
antisense 5- TGGTGAAGACGCCAGTGGA -3,
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P3HAECs % SAA (25pg/mDiRINEsHl, F721% SAA ZIRINIL T e s car
VTN HFETRIEL, EUNLIZHIfEA D cDNA ZFEHL, real-time PCR J5IC
FOEERE T OBE T REELERLZ =1).

P3HAECs % SAAQ25ug/mD)iINEGH, F7213 SAA ZIRIML TN cay~
VNI ETEEL, [BURL7Z#MiE)>5 cDNA 248, real-time PCR ¥:(Z
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CVD:Cardiovascular Disease
SASP:senescence-associated secretory phenotype
HAECs:Human Aortic Endothelial Cells
SAA:human recombinant Serum Amyloid A
ICAM1 :Intercellular Adhesion Molecule 1
VCAM1:Vascular Cell Adhesion Molecule 1
pl6:cyclin-dependent kinase inhibitor 2A
p21:cyclin-dependent kinase inhibitor 1
p53:Tumor Protein 53

GAPDH : glyceraldehyde-3-phosphate dehydrogenase
ELISA:Enzyme-Linked Immunosorbent Assay
IL:Interleukin

LPS:lipopolysaccharide

TNF-a:Tumor Necrosis Factor-a
HGF:Hepatocyte Growth Factor

VEGF': Vascular Endothelial Growth Factor
HMGB1:High Mobility Group Box-1

CXCL5: C-X-C Motif Chemokine Ligand 5
MMP : Matrix Metalloproteinase
RANKL:Receptor Activator of NF-k B Ligand
RANK: Receptor Activator of NF-k B

HUVEC:Human Umbilical Vein Endothelial Cells
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