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Gram-negative bacterial lipopolysaccharide and antimicrobial LL-37 enhance ICAM-1
expression and NF-xB activation in senescent endothelial cells

Kaori Suzuki, Isao Nagaoka
Department of Host Defense and Biochemical Research, Juntendo University Graduate School of Medicine

Abstract
Cellular senescence is associated with the induction of a proinflammatory phenotype. Previous studies revealed that senes-
cent endothelial cells are localized at the sites of atherosclerotic lesions, suggesting the involvement of endothelial cell senes-
cence in atherogenesis. Importantly, bacterial infection has been speculated to contribute to the pathogenesis of atherosclero-
sis ; however the effect of bacterial components or host-derived antimicrobial substances on senescent endothelial cells has
not fully understood. Here, we investigated the effects of Gram-negative bacterial lipopolysaccharide (LPS) and antimicro-
bial peptide LL-37, which is deposited at the atherosclerotic loci, on senescent endothelial cells using serially passaged
human umbilical vein endothelial cells (HUVECs). The results indicated that senescent endothelial cells basally exhibited
proinflammatory phenotype, as evidenced by increased expression of intercellular adhesion molecule-1 (ICAM-1) and acti-
vation of NF-«xB (phosphorylation of p65), compared with non-senescent cells. Of note, senescent endothelial cells more
potently responded to the stimulation of LPS or LL-37, as evidenced by further enhanced ICAM-1 expression and NF-«B
activation, compared with non-senescent cells. Moreover, expression levels of the receptors for LPS (TLR4) and LL-37 (puri-
nergic receptor P2X7) were upregulated in senescent endothelial cells, suggesting that both LPS and LL-37 enhance the
ICAM-1 expression and NF-xB activation in senescent endothelial cells possibly via the upregulated TLR4 and P2X7.
Together these observations indicate that senescent endothelial cells may contribute to the pathogenesis of atherosclerosis
via the basal proinflammatory phenotype and the enhanced inflammatory responses against atherogenic factors including
bacterial LPS and host-derived antimicrobial LL-37.
Endotoxin and Innate Immunity 23 : 47~53, 2020
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U720 A) MAHZEBEMSES - PDL32 OMIFLIZR AL - KAEYLL, A¥Y—LBEz2 L o7
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DOFEIT PO RS % DY 7 VviniEsS T NF-«B
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sidase : SA-f-gal) 7 v A B—HKWITHNSN, ZD
AR CIIBEL72AErE Rtz s, KIBIIRT
X912, bbb oF# L 72 PDL32 OMF LMk %
DL 7\ PDLA OMIRBIZ IR Tl  Fla et Sz,
S 512, M E LR 7 v 2 B OB WS L
720 p21 (Wafl/Cipl) &% 4 7 ) Y kAfEEF F— ¥ Dl
EBY ORI ETHY, AMIEL & LT E S
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C) OFFAEY Ay v 7ay METHHT L, b3 2 HxET
R L7z0 p65 OFEHIE L ) VAL p65 (pho-p65/GAPDH) 1XIEHILEIC
HRTEAM TS o720 —77, NF-«B ¥ 7 F VOWHIKFTH B A20
DFBUTEAIL T T LTz, (¥p<005, **p<001)

2WMENDHLH, v ALY 7 ay hOKE, PDL32 O
JaCid p21 OFEHDTTHEL T2 (K1C), TSk
K75, PDL32 DM IZZLMIBOR#EET 5 2 L8
bwrolze L7zhi> T, AWF%ETIE PDL32 UL k% %1k
HfE (senescent cells), & LT PDL 4 AN % &AL
HHZ (non-senescent cells) & L TLAF DFEERIZH 72,

AL TIZEEER T, A4 M Ay, TurT—¥
% EDRELEDEML (RIERDEE TH 5 SASP D
i) CADRIEDOHHRIC DD D T EARER TS,
Intercellular adhesion molecule-1 (ICAM-1) (%P
B AT 2 AN T CH Y, BRTLE Z072E
FEFRBIEDHFITB VT, HERO M4 N HIld~ D
HERMICEERBEZ L TWD, 22T, Eftilgic
BT % ICAM-1 OB 2 TR 7-4EH, PDL32 O
i Tid PDL4 ICHARTHHTTHEL TH Y, SASP OFH
MR sz (K10).
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WIS, AL ML BT 5 NF-«B O iE ALK
RE#% 720 NF-kB 7FOH T p65 (RelA) 1, ICAM-
1 ORI GDIRE CKIEIRGICEG T 5, 512,
P65 (ZZALMINIZ 351F B SASP DIEH 1 %% FHE I 2 b
LT ENHEENSY, 22T, pbb DIEBIE L Z0iE N
1t () k) %&bl & e b cltik L7z, 2
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NF-«B O IEEALRE T & kRN 7 o8 T v 202

FoTHfisN b, A20 13 NF-«B ¥ 7 F V08 20k
PALZ 2 B IHIER £ CTHh 5%, BIRIEWZ L 12, &
AEHIRBIZ BT A20 OFBUR T osA b7z (K20), &
NSRS, BALMENEMILOE T 7% SASP ©
FHEIZIX, p6d DEBITHEL Z D) YLD TTHE, &5
12 A20 DFEBUKTIC & %5 NF-«B OEHALR 2 0b 5 &
ES AT (i

1. LPS (S 5 Z{LmE M MmO R
R

R R GeDSE IR L O W Db B L T 5 WED D
%o T T, BALL 7214 R AT B o9 LR F-©
&5 LPS #EH &, ZALNE & 2 bific BT 50
BRI L 720 LPS 2 1/EH &8 T 24 WefE #4212 ICAM-
10%EBERI-EZ S, Bithilg L IEELED &5 5
IZBWTH ICAM-1 OFBFEDHER S N7z, THEN
Z X2, LPSIZ & % ICAM-1 O3Bz 13 2 LMl Ic 35
WTXDEmLTWw/z (K 3A)s LPSIZ& % ICAM-1 ®
HHUINF-(kBREICE > THBEEN LY, 22 Tpb5D
Wi bz 2 e & eI Tl L7 & 25, LPS
IEEALHIAE & FEZALMIAIZ B\ VT p6d DY) v B b % #FE
L72A, FEOREIZZLHMEICBWT XL DiRd -7
(H3B)s IO DFERDS, BALME N HIZIZ BT
LPSIZ & % ICAM-1 ORBIFEN IR L TV 205, Th
I21& NF-«B p65 OiEAL 2 hb b &% 2 Sz,
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il B X OFEE Ll % LPS(E. coli O111 :
B4, 10 or 100 ng/mL) THlI# L, ICAM-1 D%
H (A, 24 W) & p65 DY VAL (pho-65/
total p65, B, 1 Wflf%) # V=A% 7 uvy Mk
TN L 720 FERITELRIE S X IR LiliLo
FNEMTBWT, RIS 2 TR
L7z. LPS (100 ng/mL) (ZEfbMEE X O'FH
AL IZ% LT ICAM-1 3B X p65 DY) ~ Ak
HFHBLDS, FOMPEREMMBICBNTLD
Ao 7. (Fp<0.05, **p<001, ***p<0.001)

5. LL-37 (X9 2 Z{EMEA R MO RIE
HRE

LL-37 ix & bafFrEk, HER, BiF BRzMile e & AhveE
FTHHRENRTF FTHY, BRIAPIC I > TIh s OM
fErsiihsns, €L T, BERHENT LI, LL-37 28
BRI ERBET 52 L7, X512, BRMELET
V=< ZTld CRAMP (& b+ LL-37 &~ 7 ZM[FMER) %
RIFEEDHZ LI DIREOEENRDON L Z V%
5, LL-37 PEIRALOMER T L LTHEH I NS, £
2T, BALME N M LL-37 250 S8, 2 thii
EIEALMIBIZ BT B8 S M2 iR L 72, LL-37 131
AL CAEH LT ICAM-1 O3Bl 2 FHE 4 5 Z LS
Mo TWBHY, LL-37 2S¢ 5 &, Ebax
FZAAMIBD EH 5I2BWT S ICAM-1 D5 B HE
END T EDMERS Nz, BIREWT &2, LL-37 12 &
% ICAM-1 OFHFH BT ZAMIITB W THEL T
72 (B4A). WIZ, LL-37 #I D > 7 F Vg 2 iR %
7212, LL-37 %% NF-«B #&i#% % {511t 5 % 2, p65 »
BiRAT 2 30 & L Tl getail TR~ 2ok
B, LL-37 12X D p6b DEBATHFHFEI N2 1D,
LL-37 A3 NF-«B Z{EHALT % 2 L A% Ao 72 (K 4B).
Z 2T p65 DAL= BN & FEZALML TIuE L
720 LL-37 13 LA & FEBALMIIC BT p65 D) ~
B L% s L 724, OB IStV T XY
o7z (X4C), ISR, S, LL-37 131t
BRI BT NF-«B p65 % X DifibL, Zh
I2& D% TICAM-1 OFHABHR I NS Z L AURIE
Iz,
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LPS B X O LL-37 I2 & % &IEMIRE (ICAM-1 O58H
I, NF-«B p65 O EAL) (& B LM B\ Cigam L
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LPSBL U LL-37 OZHEKROFEHE 70 —4% 14 b X b
) —ETHR, ZOME, LPS OB TH 5 TLRY
EIEBALHII I LR TR BT I T 5 2
Edbhoiz (K5A). —F, LPSO®ZHIKRTH S
CD14 OZBUIZBILMIL T T LTz (K5B),

LL-37 D2k L LT L O2055 G S hTw
B, MAENEMIBIZBWTIEHR L I VRS F FFHE
T& % formyl peptide receptor 2 (FPR2) & 7)) V%%
KTdH B P2X7 DS LL-37 ZHR L L THIGE SN TV 5,
AL L LR CI NS DR E TR L2 5,
FPR2 o %3LiZ 2 bl & I biifg TSRO bk
Mo 7zh (K5C), P2X7 X B LMIABICmERT 5 S
Ebh otz (K5D),
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AL S & IR Z LL-37 (2, 5 or 10 ug/mL) THIE L, ICAM-1 D58l (A,
24 Wifil#2) & p65 D) U E{l (pho-65/total p65, C, 4 Wfk) # v =X ¥ 7y bk
TN L 720 # T B S X IR LMD ZNEicB W T, RITLEEC 9 5 4
SHE TR L7zo LL-37 3t B & 092 LM icx L C ICAM-1 3Bl E p6s DY

FRAL % 3535 L7225, 2 ORIl

IBWT X DA o7 (LL-37 5 and 10 ug/mL).

B) JEEILMINEZ LL-37 (10 ug/mL, 4 KER) CHIBLL, p65 O RFEZE GEmlfa etk ¢l
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005, **p<001, ***p<0.001)
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MBI BIRBAE O BEER & ST 57%, £
DFFMIZIZE A EH SIS TV RV, bitbilid,
7 NEVEME OB Td % LPS & fd Bl A 5 2
SN DLHRMERTF F LL-37 O EAL A N B2
T BRREME L2 A, LPS L LL-37T B EE 5
ZALMAE N B IZEH L CHAEMRIS S 2 3R S €5 2
ExRML7, 2LTC 2ofpe LT, ZLmENKk
MM IZ BT NF-,B 25 p65 @) Y RAL %4 L T
WIS TEB Y, LPS R LL-37 ORFIIHF LTS 5
WL S NG 2 D EZ bz, BALMIRICEBIT 51
W (RHEEEO) KEMEEOREIE, bhvbhs

R L 72 LPS B X OF LL-37 ORI 3§ 5 SAEMEIS 24
DYERNEH 5 H NF-«B ¥ 7 F VEEEOENALZ - L
TWwb vy b, BILHBIC BT 2 KAEEIRE O 1Y
BRA T = AL % BT B 9 2 THRIBREV,

ZALMAE NS BT, LPS 254K Téh 5 TLR4
& LL-37 2546 TH 5 P2XT OREBIATTEL T2 &
25, LPS & LL-37 I2x3 % SRIEMEIR S OHRIC, 21
5% %K (TLR4, P2X7) OB Db B I LS
Z2ONTe BRFALEETF V<Y A% V72T
1, TLR4WH 5 WIZ P2X7TP 2 KL EHZ LICK D H)
WREEALDIFRELFE D ME SN TVWDL I ENL, ThHD
SZHED TH T < & 7 F VAR DSBIIRTEAL 0 95 RE T R
WCEETHLEEZ 5N D, FB, TLRAY R P2X713
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X 5 ZLHEICHT S LPS HLU LL-37 SREOFRETIL
ZALHE B X OJERALMIIEIC B 5 TLR4 (A), CD14 (B), FPR2 (C), P2X7 (D) ®%
HAE 70— 4 b AN =B TR L 720 BRI 3 2 M T L7z, LPS
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<0.05, NS not significant)
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