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[ Abstract ] Objective To study the effects of Porphyromonas gingivalis (P. g) infection with I, II and IV fimA genotypes
on the expression of IL-1beta, IL-6 and TNF-alpha in human umbilical vein endothelial cells (HUVECs). Methods
HUVECs infected with different fimA genotypes were divided into the fimA type I stimulation group, fimA type II stimu-
lation group, fimA type IV stimulation group. In addition, a positive control group (E. coli LPS stimulation) and negative
control group (cell culture medium only) were included. Cell proliferation was detected by MTT assay, and cell apopto-
sis was detected by flow cytometry. IL-13, IL-6, TNF-a levels in the supernatant of HUVECs after P. g stimulation
were assessed by ELISA at 2 h, 6 h and 24 h. Results HUVECs were infected by P. g with fimA type I, fimA type II
and LPS for 24 h. Cell proliferation was inhibited compared with the negative control group (P < 0.05), but there was no
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significant difference in the apoptosis rate between P. g infection and the negative control group. IL-18 levels in cell

culture supernatants were higher at 2th than 6 and 24 h after stimulation of HUVECs with different fimA genotypes,

while the IL-6 levels were higher at 24 h than the other time, while the TNF-a levels were no significant difference at

every time. After fimA type Il and IV P. g infection, [L-18, IL-6, and TNF-« levels were increased compared with fimA

type I P. g (P < 0.05). Conclusion Different P. g fimA genotypes have different effects on stimulating HUVECs to in-

duce dysfunction. Here, fimA type Il and IV P. g exhibit a strong ability to upregulate the secretion of 1L-1f3, IL-6 and

TNF-alpha.
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R (AU 25 ey A BRA T ) 5 240 0 i 12 1 5 77
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A RAH]D ;2P0 CDs HiPT (Santa Cruz A, 3
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(ATCC33277) , 11 fimA &I P. g B #k (WCSP115) Al
IV fimA &I P. g B iR (W83) 34 iy DU 1| 24 A8 ph 11 i
P 2 e 1 HE 32 5 17 6 1 K i S 0 3 it 5 MY
K 9 B2 240 i Ak (ATCC CRL-2480) i H Fg K27
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122 4RI IR AN R s N Bk 2
41 M R R FH B 10%FBS 11 RPMI-1640 58 4= 15 37 i)
F37 °C, 5% CO,, AR AR FRFE R 55 . BT
BV 20 B 100~10° AL 4R T — & 35 3% Y 6 £L
M, R A M 58 4 WG BE J5 , BRCHS 35 3% R, 4 C PN i [ 22
10 min, PBS PR B0 , 3% H,0, %5 IR 5 10 min, LA
TH B IR I SE AL D ) TG . B AR 37 CIF R
30 min , {8025 £ P, 5301 R FH SV - (1:100)
A CD31 ¥ (1:100),37 CHFH 60 min, PBS ¥t
WHOKR G, 3037 CIEE 20 min, PBS ¥t , DAB
WA AR RE Y MR K, B, BT
WMEE A h .

123 P. g WG IR TN R A B s gy 43 5k v
HT R P imA B P, g BRI fimA B P. g T
FEFIIV fimA B P. g WP 9505 2280 T BHI I B
K2 3 (% 5% LT e ifil .5 pg/ml S AL I AT &R (1
pg/ml 442 2 K1), 37 CIRE (80%N,, 10%H., 10%
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CO,) 597 48 ho RILEF LAY E TS , WO %k
A K B AR EVE T PBS R, IR FH AN B LE ek S0
FE TR B, DUBRGL A5 2 (MOT) 24 100 : 1 /2% 5% HU-
VEC 4l ifg, 7EJGL J5 /0 2 6,24 h 4 JIAS I 15 77 1
THWH IL-18, 1L-6 Al TNF-o [ 25 4, R i35 7. BH 1
X B ZH (E.coli-LPS F) 3% ) A9 %5 BEAH ({30 A 4
MR IR -

1.2.4 MTTHIZHAEEEE  HU1 x 10°'HUVEC 4 g,
DU A5 K (MOT) 4 100 1YL HUVEC 410 2.6,
24 hJ5 , SR MTT 48 0 3 58 e 208 e 25 P A ) 1 59) 4
o I 240 R R4 5, ELAAD B G B A AT
125 WM AR A0 T B x 10 HU-
VEC 41, LUBRGL A5 (MOL) 4 100: 1 /&Y HUVEC
MM 2.6.24 h)5, % Annexin V-FITC 40 JE I8 746
DR A, ELAR D R ) e v 1 AT
1.2.6 ELISA # IL-1B,1L-6 F1 TNF-« [ 3535 HL

x 100 % 200 % 300

22 FF fimA K B A P. g @ ok % HUVEC 48 e
¥

ANA] fimA F R R P o B AR I HUVEC 2.6,
24 h T, 2 M GE A I 45 SR AN 1, MTT A I 45 51

JEY ) 2. 6. 24 h 5 B HUVEC 20 Mo 15 3% 1 3 ok
AT ELISA K, FL AR K 0 25 3% 2 O3 590 6 45 1 6
B4
1.3 %t F o

K FH SPSS13.0 ¢ i 2 B3 % $i 4l 2647 43 #
B LSS B e b o 25 Ko, R 7 220 HT (ANOVA)
S SNK AN BT A5 0408 , K 507K HEA o = 0.05,

2 % B
2.1 HUVEC @i %z

i N HUVEC 4l i 2 s AR K, 2B a2 M
T, 2~5 d Rl A R A, 5 00 780 4l % R ik
51 B VILER - F1 CDs, 42 928 4 B Ak 2 4 8, B R HU-
VEC 21 i Jf 3% P8 247 52 304 o € BH 1k S0k, 100 B 5%
FEH HUVEC 41 A N B2 400, LI 1,

a: HUVEC 2 It % 25 151 5 b« 55 VI EH 7~ 92 240 Jf0 Ak 2 e €51
c: CD31 e 20 g fl o et
1 HUVEC 41 it % &
Figure 1 HUVEC cell identification

R T fimA BURIEAH , 1T fimA %0 5038 2H 1 LPS 2H )
P24 h S5 A 8 5 P X BR 2 A E 34 Az #
s, i 4 B fimA LR R P g T RR )% HU-
VEC 4 i34 5 1% 10 25 57 L4124 78 L (P > 0.05) .

R 1 MTTH HUVEC 4034 58 15 5 (0D {f)
Table 1 Detection of proliferation of HUVECs by MTT (OD value )

205 2h 6h 24 h F{& P&
FAPEXT HR 2H 1.208 + 0.207 1.212 +0.212 1.455 +0.111 1.799 0.244
T fimA B340 1.232 +0.202 1.178 + 0.206 0.992 + 0.201" 1.154 0.377
11 fimA B4 201 1.219 +0.311 1.102 + 0.211 0.614 + 0.102"% 6.111 0.036
IV fimA U5l # 41 1.223 +0.212 1.234 + 0.197 1.102 = 0.121 0.491 0.635
LPS JJ# 20 1.267 + 0.198 1.106 = 0.165 0.798 + 0.107"* 6.561 0.031
FAE 0.029 0.045 17.100

P 0.998 0.876 <0.001

1) : 5EIEXT AL P < 0.0552) : 5 1V fimA BURIZHAH LG P < 0.05

23 AR fimA R R A Pg i #A] % HUVEC 2 fe A
=

ANTA] fimA F KR P, o B AR ] HUVEC 2.6,
24 h B, AH R TR I A5 R R A T R 2 R

TGt X (P>0.05,F2),
24 AR fimA B A P.g B ARk HUVEC 49 165
e IL-1B 89 He gk

ANTA] fimA 3 H AU P, o B PR % HUVEC 2.6,



b

ARE&EmMmBE 20196 A $H27% $Ho6H

Journal of Prevention and Treatment for Stomatological Diseases Vol.27 No.6 Jun. 2019  htip://www.kgjbfz.com  + 367 -

D2hea 6hmm24h

127
10° 10° 10 .
— 6.2 } 6.6 7.0 1
= o= 10 S 10 " 10 ol 1
£ 10 10° 10 i
*’é 10 10 10 .
= ] (00 L Lt o
- 10 10107 10 10 10° ) 10° 10 107 10 10° 2
10 10 6.7 10 6.2 0
1007 e 10° 10° .
L 10° 10° 10° ol
=2 : N
= 0 056 o 0.4 10! 0.5 o
& el - RS/ (—
= W0 g0 10 100 10010 100 100 100 100 100 0100 100 100 100 10°
10 10° 10 ==
g 10 o 10° e 10 ‘
}lﬁ } i S
= :
E 1
=
= et . N
- 10 a: M b TR A
g B2 A fimA 5B P g TR
= HUVEC 4 98 717 150
A . .
= Figure 2 Apoptotic rate of HUVECs after
10°
= P. g stimulation with different fimA geno-
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24 h i}, ELISA KM A 1% 75 E VS 1L-18 & i 4
HANFE2 iR, TV fimA B3 2H 1 LPS i3k 4H
2hiEH % FIEWCP IL-18 & 2 Tl 6 h #1

Annexin V a

24 h 5559 FIE W IL-18 & i (P < 0.05) ; AH [R] s [H]
FOAAIL-IB SR EZR AR FE (P <
0.05).

2 ELISA KA fimA FER B P, o BRI HUVEC 40 i 55 75 B30 IL-18 & &
Table 2 IL-1 levels in HUVEC cell supernatant after P. g stimulation with different fimA genotypes determined by ELISA  pg/mL

2151 2h 24 h Fii PiE
SR opitEEzEl 0.436 = 0.129 0.171 + 0.106 0.259 + 0.168 2.99 0.078
I fimA U] 3 20 1.407 = 0.211" 0.648 + 0.116"% 0.348 + 0.233"% 23.88 0.003
IT fimA #9303 20 4.038 + 0.353"% 1.796 + 0.393"2% 1.707 + 0.387">> 36.63 0.002
IV fimA B9 i) 3 21 3.049 + 0.191"2® 1.389 + 0.241"2 1.336 + 0.157"29 30.78 0.008
LPS #3820 4.144 + 0.328"29 1.972 + 0.405"294 1.849 + 0.081"2V+ 37.01 0.001
FIE 122.10 89.21

PiE < 0.001 < 0.001 < 0.001

1)+ 554 [ BsF i) A 93 Xt BRLAEL A FL P < 0.0552) « 55 1 ) B[] 450 T fimA 3038 44 Fb P < 0.0553) « 5 4 ) B Ji) 450 1T fimA Y3038 414 1L P <
0.0554) : S5 AR ) A5 1V fimA BUAL A H P < 0.0555) : SAHIFI AL 2 h A EE P < 0.05

2.5 RF fimA X B A P g B4k HUVEC 48 8
S0 TL-6 84 o4z

ANA] fimA F KR P o B AR I HUVEC 2.6,
24 hiF, ELISA K5 0 48 At 3% 7% _E 8 W 10-6 7 /45
B3R, LAV fimA K5 # 2H F1 LPS 4
P2 h 6 h 55 5% LW IL-6 & I T K
24 h 5 5595 LIS RIL-6 3 i (P < 0.05) 5 A [R] Asf [i]
L BR T 6 h Y IT fimA BUi A 5 LPS il 4H .24 h

(11 fimA Y020 5 TV fimA B340 22 7 5
TEE MNP > 0.05) , HRSAIL-18 F it 27
WA SRR (P <0.05),
2.6 & FfimA & F A P g # 4k F % HUVEC 28 A6
23 TNF-a #9 Yo 85

ANTA] fimA FE R P, o TR BE HI 3 HUVEC 2.6
24 h i, ELISA R 240 it 3% 5% F 35 W Hh TNF-o &5 2
SERME AP . LPS LA 2 h J5 55 5% L g W
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&3 ELISA KA fimA FE R EL P, g GIHRARL HUVEC A1 MRS SR E 35 0 1L-6 77 A
Table 3 IL-6 levels in HUVEC cell supernatant after P. g stimulation with different fimA genotypes determined by ELISA  pg/mL

45 2h 6h 24 h F1H PiA
F 7 X6} AR 4 934.935 + 188.211 1 036.520 + 179.650 1 037.894 + 59.589 0.44 0.731
T fimA U5 ¥4 41 1311.961 + 377.291"% 2 689.837 + 30.022"% 3 555.083 + 268.570" 53.48 <0.001
11 fimA 7] 841 2021.525 + 323.861"> 2 836.319 + 507.251">% 3706.353 + 91.842"% 47.89 < 0.001
IV fimA Tl 3841 2 400.680 + 174.124V2 3277.943 + 887731279 3700.721 + 172.883"% 58.16 <0.001
LPS il g 2 2 129.089 + 717.938"249 2 836.519 + 143.034"249 3 494,036 + 223.025"9% 7.16 0.029
F1{H 60.12 56.23 57.11

P <0.001 < 0.001 <0.001

1)« 5540 [R) I A 25 B PR X BRAE AR HE P < 0.0552) « S5 AR [R) B 18] 250 T fimA %9 3003 40 AR HE P < 0.0553) « 5 A7 [7] 15 [8] 45 1T fimA B ZH AR B P <
0.05;4) : S5AHIF ) A TV fimA BVfIAR AR HE P < 0.0555) : S5 AHIRI4H 59 24 h 4 EE P < 0.05

TNF-o 75 B P T 0034 24 h 5 7537 3% I TNF-a
HHE(P<0.05) 1 LI IV fimA % 5§38 2H v 4% 1)
TNF-o & it 25 5 I G024 30 AHFE R bR T
2 h 1 fimA B ZH 5 IV fimA ZURIEZH .6 h 1 fimA
IR 5 IV fimA B ZH 6 h T fimA B3 2H

5 LPS J ¥ 2H .6 h IV fimA % 3 3% 2H 5 LPS 7] 3%
2 .24 h 1 fimA RUBIBLAL S LPS )34l 22 5+ 4t it
HE N, AR A TINF-o SR EFWAESH %5
X (P<0.05),

&4 ELISA KA fimA FER L P. g TRARAIE HUVEC 200 55 5% L35 0 TNF-o 27 B A
Table 4 TNF-a levels in HUVEC cell supernatant after P. g stimulation with different fimA genotypes determined by ELISA  pg/mL

4151 2h 6h 24 h F1E P
FAPEXT HE 20 6.621 = 2.895 9.574 = 0.321 16.379 + 3.805 9.815 0.013
I fimA H3fil #4210 23.184 + 14.292" 45.109 + 33.163" 45.109 + 24.984" 0.748 0.563
11 fim A R 53.425 + 12,2227 80.643 + 27.662" 87.448 + 14.477"% 2.595 0.125
IV fimA 15l 8 41 33.768 + 10.763" 33.768 + 21.384"% 80.643 + 31.670">% 4.182 0.063
LPS il 41 17.639 = 1.746"29% 42.085 + 32.979" 70.815 + 11.416"99% 5022 0.040
F{H 9.837 2.883 6.474

Pl 0.002 0.079 0.008

1)« 55 A0 ] B 8] A5 BF A4 % BB ZH A L P < 0.0552) A5 4R 5] f 1) 45T fimA B0 il B0 ZE AR e P < 0.05 3 3) + 5 47 [ B A] 5 1T fimA )3 H AR 1L P <
0.05;4) : 5AHFE AF ) 45 TV fimA BURIE A L P < 0.05;5) : SHFRIZ 5] 2 h #HE P < 0.05

3% g

B2 PR IR AU Pg, B R 8 M TR 42 1
FEHEE . H I fimA BV fimA Bl Pg 5
R IR R AR D RS R I SR R KR R R ]
FHOG, AT RE SR P.g W 7 1 SO BERR , T 1 fimA B P.g &5
ft 2 1 2 JEPIR S A G, U mT BE IR EE Sk g™

R 40T IL-1B, IL-6 Fl TNF-o 752 5L
A& A BN R — 22 40 G B A T 5 7 v B o A
Mo TEF R KRE SR IL-18, 1L-6 Fl
TNF-o By F 2R G e o 15 /EH o Jakovljevie 55
KIS R R A 4 4R TL-1B8, TL-6 I TNF-o /K- 55
FAE A H S5m0 HBREAC, 1M Pg
S IL-1a, IL-1B, IL-6 1 TNF- o 25 K 40 g [
T A RECE R ™ As & —F g &

E PRSI L IL-1B , 1L-6 F1 TNF-o 25 40 M0 IR 76 As 1Y
R BhRRE R EEAEH , 25 As kA K
Jrgte

A FE K A [A] fimA % P. ¢ B3 HUVEC, Wi
ZLER ML A T IL-18 . IL-6 Fl TNF-o 43 415 L .
4ERR I, A fimA %I P. g 438 HUVEC J&5 40 1 43
WIL-18  1L-6 F1 TNF-a BTG BLAFFE 2 5 1 fimA
AT fimA 8 IV fimA % P. g B3 HUVEC 40}, 1%
FF PSR IL-18 4y i i X B AL, BT fimA
LIV fimA B P. g i 5 HUVEC 40 i1 43 3 1L-1B 1)
AE 158 T 1 fimA B P, g, HoP LUTT fimA B P. g 35 %
YR 53 WA TL-18 O RE T TE S 58 1, #2230 T LPS 1y
MAE S X TTRES 1T fimA T P, g 35 I A
SR, Fifi 5 i) 85 e [) 9 ZE 4, AS [R] fimA 7 P g £
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5 LPS Hll# HUVEC 4t i 53 W TL-18 FY 8 1 ¥ s 55
X 55 Takahashi S5 A/ 57 25 AR o 7634 6 h Fl
24 h if HUVEC 41 g 73 5 TL- 18 F) 7K - e AR Fa 5 o
ANTA] fimA B P, g $il 30 2 h~6 h, IV fimA & P. g ]
W HUVEC 418 77 A TL-6 B E J1 AR F 1,11 fimA
BIP. g, W T LPS, #E/8 IV fimA B P. g Al fETE &)
P I AN A = A TL-6 5 L BRIV fimA AL P, g
7 1= 28 2 55 MR 30 ik 9 B2 (Human coronary artery en-
dothelial, HCAE ) £ i isf , HOKG B B2 77 % 1 fimA 5
P. g5 ,1E P. g VE B HCAE 40 i 55 32 b L 1V fi-
mA Bl P, g AJ 735 22 48 h, MMii I fimA %! P. g WI7EAE
FHE 24 /INE N B BT BR 5 350X 2248 [R] 14 K5 B B
T3 25 5 0T BB 5 [R) R AR £ L P 32 G AT
K ARG TV fimA T P g B IEH P. g
B 0 A4 20 L 53 06 TL-6 (R R 7, AT SR L X 24 i
i B RE ) i S s s R O . Ak, AT fimA
I P. g Bl B0 5 0 HUVEC 20 i TNF-o 7725, T,
1.1V fimA %Y P.g #7015 5 HUVEC 4f Jfd 53 34 TNF -
ao o, JELLI fimA 8 P.g (RS AE FH 5ol € 1
AT T kb ) HUVEC 48 43 W K 114 TNF-a

P. g R iF As 1 R A R SR C AR B AT 2% LI
IR RPES R 52 I MR UESE . &
TR, P. g W38 A 6] 7 AR i As B9 & 4B Kk
JE o ARMEFE LB, I fimA &L 1V fimA B P. g 8251 fi-
mA # P. o B HEA A0S HUVEC 40 i 4 30 4% 41
I K F IL-1B8, IL-6, TNF-oc, W I1. IV fimA I P. g
1 fimA B P, g W] R RE T | A ML 1 R AF 5
REAIMIINREZR AL, I AE As KA R Rl T g &
B

SE 3k

[1]  Von Hundelshausen P, Weber C. Chronic inflammation and ath-
erosclerosis[J]. Dtsch Med Wochenschr, 2013, 138(37): 1839 -
1844.

[2]  Blum A. HMG-Co A reductase inhibitors (statins), inflammation,
and endothelial progenitor cells-new mechanistic insights of ath-
erosclerosis|]]. Biofactors, 2014, 40(3): 295-302.

[3]  Hajishengallis G, Lamont RJ. Breaking bad: manipulation of the
host response by Porphyromonas gingivalis[J]. Eur J Immunol,

2014, 44(2): 328-338.

[4]

[6]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

Kerr JE, Abramian JR, Dao DH, et al. Genetic exchange of fimbri-
al alleles exemplifies the adaptive virulence strategy of porphy-
romonas gingivalis[J]. PLoS One, 2014, 9(3): €91696.

Mougeot JC, Stevens CB, Paster BJ, et al. Porphyromonas gingiva-
lis is the most abundant species detected in coronary and femo-
ral arteries. [J]. J Oral Microbiol, 2017, 9(1): 1281562.

Nagano K, Abiko Y, Yoshida Y, et al.Genetic and antigenic analy-
ses of Porphyromonas gingivalis fimA fimbriae[J]. Mo | Oral Micro-
biol, 2013, 28(5): 392-403.

SER T, MR RE, BT, 25 R[] fim A J5E R R S Rk B A o
N K P 20 ™ A A5 400 A 2R B 3 1 R D 2R
T 1RGSR, e T BE SR AR, 2011, 46(6): 332-337.

Aruni AW, Robles A, Fletcher HM. VimA mediates multiple func-
tions that control virulence in Porphyromonas gingivalis|J]. Mol
Oral Microbiol, 2013, 28(3): 167-180.

Moreno S, Contreras A. Functional differences of Porphyromonas
gingivalis fimbriae in determining periodontal disease pathogene-
sis: a literature review[J]. Colomb Med, 2013, 44(1): 51-60.

Moreno S, Jaramillo A, Parra B, et al. Porphyromonas gingivalis
fim-A genotype distribution among Colombians[J]. Colombia médi-
ca (Cali), 2015, 46(3): 122-127.

Jakovljevic A, Knezevic A, Karalic D, et al. Pro-inflammatory cyto-
kine levels in human apical periodontitis: correlation with clinical
and histological findings[J]. Aust Endod J, 2015, 41(2): 72-77.
Enersen M, Nakano K, Amano A. Porphyromonas gingivalis fim-
briae[J]. J Oral Microbiol, 2013, 5(2013): 58.

Ridker PM, Liischer TF. Anti-inflammatory therapies for cardio-
vasculardisease[]]. Eur Heart J, 2014, 35(27): 1782-1791.
Takahashi Y, Davey M, Yumoto H, et al. Fimbria-dependent acti-
vation of pro-inflammatory molecules in Porphyromonas gingivalis
infected human aortic endothelial cells[]J]. Cell Microbiol, 2006, 8
(5): 738-757.

Hajishengalis G, SojarH, Gencor J, et al. Intracellular signaling
and cytokine induction upon interactions of Porphyromonas gingi-
valis fimbriae with patten - recognition receptors[J]. Immunol In-
vest, 2004, 33(2): 157-172.

Ogawa T, Peptide UA, ALTTE. With the fimbrial subunit protein
from porphyromonas gingivalis,induces production of interleukin 6,
gene expression and protein phosphorylation in human peripheral
blood mononuclear cells[J]. FEMS Immunol Med Microbiol, 1995,
11(3): 197-205.

Rodrigues PH, Reyes L, Chadda AS, et al. Porphyromonas gingi-
valis strain specific interactions with human coronary arteryendo -
thelial cells: a comparative study[J]. PLoS One, 2012, 7(12):
€52606.

(fiE TG, BEES)





