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A& QA e FHHAE FETRE olFL
UL, BHFo w8 JFEE, A B, A T
of thFItL ATH), XFHFL UzH o g Bty
¢l Hlo]le A E HolE|E | &3 AdA FF
SHA ) o3 AJFHETRY B3 wlo] P ES
A& XFn|WE FoA Porphyromonas gingi-
valis (P, gingivalishe W34 AFAZ-E of7]sle=
Fa Hago|t, I} P gingivalisol] B3 o
o] n|A &8, WAy A7 plankton?] vk
Holl o3 FAAZ] Aol sy F2 P4 st
TyO. P gingivalis vlo] L E) thek A= 4%
EA7} g B EA Aol dake] 3] AgHE Q)
age] Guto] 8 o] T,

P.gingivalis vto] @ BE-o] o] &3h= HA371 7%
BEX gl gt Bk BHA G o] & $J3te] At
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g x)ojof 3 Ho|t}, P gingivalis vFo] L BE-l| glof
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g A7 2E o S-S 1T ), o] Fofl gl
X RFd dAte) ool tFHM, P gingivalis

Hto] @ o] FNke-g 3|73l &FRe-S i
Pl 71AE Wele AL g Ex] A AL o
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Aot Bk olUz) E3HE A4 wlo] LU E AelE
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TrE8hs Aol A 2dste] BEAQL nAE ulo]
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g AF711E ofalel=tl oM 7HA e ARE
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Fusobacterium nucleatum(F, nucleatum)& X533
ol ol A HET 59 shto)uE, 2
oA BEY FESH# 00 EFA b}
ol B E FAP7d FAHHA I8E 3} Fouclea-
um 3 S 1A, P gingivalise} P24
8L Actinobacillus actinomycetemcomitans
(A. actinomycetemcomitans)& A8 0 2 ¥ 2 A
k2, G&g 71 o] WA YA = BA
gk, Ho Ho plankton?] Wifo 2 F A A7
F nucleatums WA WA 7|31 o]o]X] P, gingivalis
2 HYst9E W Faudeatumo] AEE Ao &
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AEAY e ARG HETRS9E HRAIZITH=
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1. P gingivalis HIO|@TZ2| HjQ}- oM =
=ty

P. gingivalis 381 (Dr Schifferle A, SUNY at
Buffalo, Buffalo, NY)3 F nucleatum ATCC 10953
(American Type Culture Collection, Manassus, VA)&
Z+zF hemin(Sug/ml)3} menadion(0.5 wg/ml) ©] 7}
9 tryptic soy broth(Difco, MD)oll & 7147 v 71l
A M 3758 e v FAIZTE A A7 P ging-
valis A7 polystyrene®]H mixed cellulose esters 2
coating® 3250 Mg & 1AY 23 v % plate
(cell culture dish, 6-well cell culture plate, membrane
filter)ol] &3t o vho]edES FAAMAT
(pure P, gingivalis). 6-well culture plate & ©]-8-3}4] P,
gingivalisS} F. nudlearum®] T8 vho] @ F & wljoF
£ F 53890} (mixed P, gingivalis+F, nucleatum),
plankton2] © 2 B3} P gingivalis} F nucleatums:
77k gz o 2 Atk

2. &l = 2BIE P gingivalis biofilmo]| &
3t 7o) oy

ZF 187 107+ 9] Balb/c#F ol 271 1x107cells 2]
AAEE WY AJZ Y} plankton?] & 2 v gk
P.gingivalis 3812 W3 -2 13 (Pg-planktonic

group), Ho]| L HE 0 & w3t 4 P gingivalis
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3818 W3 & 27+ (pure Pgbiofiim group), B}
oo W& B3| ksl p gingivalis 381+F. nuclea-
tum 109530 2 WHBF & 37" (mixed Pg+Fn-
biofilm group), plankton].2. 2 w8}t F nucleatum
109532 2 W3t & 47 (Fn-planktonic group) S
2 39} AFAIEE Aol e g oy whe}
v FUE 172 FEe] AR R 33] A
o} Fe] B4 Yol 5= 15 IHE 0 2 39 FALE}
of WA} 10ut2]e] BALB/c #+ phosphate-
buffer saline(PBS)E WA A &4 hZ T (negative
control group) 2.2 4k}

3. 8 P.gingivalis | 9112 58

HAG A A53H7] 98] cardiac puncture®
Z2YNE KYFH3FAT} enzyme-linked immunosor-
bent assay(ELISA)HH O 2 & P gingivalis 1gG &
A 9715 AAsE7] Y8 microtiter plateE P, gingi-
valis AITA|E R coatingdFl 4°Col| 4] 8HF 1 F<t
wf k& g hiay 0.05% Tween 202 73
PBS(PBS/Tween) & plated 33 A3 =
PBS/Tween® &2 A ¥ 343t #9] HA& Hrts}
A A A 22X T i FE AT o) F
PBS/Tween® & plateE 33 A&k 100 4 9]
peroxidase-conjugated rabbit anti-mouse 1gG
(H+L)(Jackson ImmunoResearch Laboratpries,
West, Grove, PAYE H7Fs| A A& A] 2A17F 54
v oFal At PBS/Tween® & plateE 33] A3 &
1004 &) tetramethylbenzidine(Kierkegaard and
Perry Laboratories, Gaithersburg, MD)E 77}3}o]
Ao A 158 TH ks F ke SAX717] 9
& 0.18M¢] H:50+& 7} skih 3 450 nmol]
A o] F4(optical density)o} G 8]4] Q Lol A
SHAE B9 BA 2T 35 st
E FLISA unit 10092 ARSI, T 2 st 4
o] A 1gG G7HE BHEA S o8-8l 4HE
sttt 7F w7he] gAlgEE SAH SR v}
7] 913kl analysis of variance(ANOVA)E A| &3}
et



4. P gingivalis-E°| T-MIZ line2| Ef&

HE WY 7Y F o)l Hagl whH el wjata
EE Y H S £8HH T Y3+ enrich-
ment column(R & D Systems, Minneapolis, MN)&
o] &3t T-HZE 2] AAAI A AAE T-AE
© Ix1070 9] P gingivalis$} TlE-o] w9kt ct W
AR e F ] HIAAMEE Mitomycin CE A7)
8] g HeA| E(antigen presenting cell) 2 H7}
Sk 27 G F T AEE AFsla gAY
AE AlEds J7ekA @3 15330 FA71E
7HT FR17] F o]l A E whyuive)] we}
A T-AIE F2E F28H7] $18le] g dgM e}
AddLE A7FshA P gingivalis-5ol 4 T-A X
line-g gkt vl 45 A (culture super-
natants)& AF 3t RolEF}Ql B4-g &) -20°C
off BT

5. T-MZ lineS| BHIY K%t

T-AE line-§ FITC-conjugated hamster anti-
mouse H5 T-cell receptor(TCR) monoclonal anti-
body(PharMingen, San Diego, CA)9} FITC-conjugat-
ed rabbit antimouse CD4 X CD8 monoclonal
antibody(PharMingen, San Diego, CA)E g438}4
ot} ZF T-ME line?] 233 232 flow cytome-
try(Coulter Epics Elite XL Cytometry, Coulter,

Hialeah, FL)& ©]-8-3l& Z{A} 3l )
6. MOIERI Z=2| Y

Mitomycin CE A gl® &9 Ad A X (1x107
cells/well)9} P, gingivalis(1x108 cells/well)3} ©lE-o]
Z} line®] T-AE(5x10° cells/well)E 72 A7t vjj k3t
F Wl 350 ARl o)l e whgivol
whebA] ELISAY) 3] Mo E7RQI +5-& AH 319
o} 8 okshH, 96-well plate(Corning, Coning, WY)&
4oCol| A 35 9 F-oF sodium carbonate bufferel] 3]
A A7) rat anti-mouse INF- ¥ IL4, IL-10(PharMingen,
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San Diego, CA)2&. 8 ZtZ} coatingd} ] t}.
PBS/Tween® 2 338] A|3g & well& H&oA 30
7} PBS+10% fetal bovine serum(PBS/FBS).C. &
blocking & thg PBS/Tween® & THA] 33] A3}
%t} PBS/FBS+0,05% Tween200 2 8415 2} B
3} standard recombinant mouse INF- % IL-4, I1-10,0]
247k H7h ek Aol A 3A1ZE k% & plate
E PBS/Tweenl. & 33| AJ&3}3L biotinylated rat
anti-mouse INF-y L4, [L-108 2t #rlele] A&
AN 1A]7E F<T v BTt plate PBS/Tween o
2 43] A 2§+ % hydroperoxidase-conjugated strep-
taviding ¥7F8iA 37°Cel|A] 3087k vl sl
PBS/Tween® & plated 83 M FHd & o
mg/ml in 0.1M citrate buffer,
pH 4.5)& F7}akal d&olx] 2087 wiFstich.
BHANES-S FA3] 918k 4 N HS0:E 71819
al, 490 nme] M FREE ZAsTE BF
Ao E71919] FE = 848 A tishe] plotting
& F 2 Bl AolE719) SEE ARsHAr 2+
F1e) Aol E7RR) 8 AR vl 9
B}o] analysis of variance(ANOVA)YE A8 &4 th

phenylenediamine(1

7. 8N FRYAvidity)2] FF

P gingivalisol] gk oA & A g A (avidity)
& 3737) Aske] o)aol MBE wpysIo0] whe
A microtiter plateE P, gingivalis® coating8}1L 0] o]
A Fe) | EHe F 9 F4ste] At ¥y
37°Coll Al 1A]7F Fot v 98t F plateE PBS/Tween
22 M Hsgict. B SRl ddulge] B2
(05 M)Z 3)4¥ NHiSCNE H713}e] 37°Col| A 30
E3b g ¥, 22 i 0 R NHSCNS HHE 28
3ttt plateE A sl A¥E ko] 1004 2]
HRP-conjugated rabbit anti-mouse IgG (Zymed, San
Francisco, CA)37}Fat}, tetramethylbenzidine
(Kierkegaard & Perry Laboratories, Gaithersburg,
MD)E 3d7Fete] Eahe-& fF3lqich B
(avidity index)s= A A 9] 50%E FE317] ¢
3te] 4 Q ¥]= NHiSCNS] & w2 2A A&k



Table 1. Anti-P, gingivalis IgG titer of immune sera obtained from each group(mean + s.d)), avidity index and
opsonophagocytosis index

Group IoG titer Avidity
Pg-planktonic group(N=10) 400,3£83.6 40%0.1
pure Pg-biofiim group(N=10) 403.2£91.4 2.9%0,0
mixed Pg+Fn biofilm group(N=10) 414,5%38.9 2.6£0.0
Fn-planktonic group(N=10) 409.31£13.0 2.840.1
Control group(N=10) 100.4£8.9 0.9£0.1
Opsonic Activity
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Figure 1, Diagrammatic representation of mean opsonophagocytosis titers of immune sera obtained from
each group that was expressed as chemiluminescence intensity (Y-axis) according to reaction time
(X-axis),

G ARA5E ART ol wlisty] $jste] . g7 o
analysis of variance(ANOVA)E A3 s}t
1. 8 P.gingivalis 2| &t
8. 824 A|AR Tis(opsonophagocytosis
function)2| 5 7} Fo 2HE dojzl WY A & P gingivalis
A D7l b2} 135 (Pg-planktonic group)ol| A&
&2 22k 7]%5(opsonophagocytosis func- 400,3183,6, 27-(pure Pghiofilm group)ol| 4| 403.2
tion) & o)Al B g WhH Vg okt i sle] A4 +91 4, 35mixed Pg+Fn biofilm group)ell A& 414,5
skt oA Zxy g Eejst s E T +38.9, 47 (Fn-planktonic group)oll A& 409,313,009}
AEH A vlgo ket the BAS 24 A€ R PBSE WA &4 diZ2TolA = 100,489
H7Fsle] wikAZTh ¥ " oA A58 A o, 7k F3HFe)A e Aol YUK Table 1),
o] &7 o & AHLH U HEFAH LR luminol

(5mM)©] chemiluminescence ¥H3-& $|3] 714 2. N HEB(avidity)
o}, 7 F2e) SAHS vlE sk ol 2el 2t
E2(two way analysis of variance)S A8 8F ), P, gingivalisoll g+ avidity A= 3 1004 BT
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Table 2, Cytokine concentrations of culture supernatants from P, gingivalis-specific T cell lines established

from each group (mean £ s d))

Group INF-¥ 114 1-10
Pg-planktonic group 0.290%0.03

pure Pg-biofilm group 0.15£0,04 =
mixed Pg+Fn biofilm group 0.12+0,12 -
Fn-planktonic group 011010 - =

*cytokine concentration(ng/ml)
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Figure 2. Flow cytometric analysis of P.gingivalis-specific T cell lines

E uje} o] 17 A= 4.0+ 0.1, 230 = 29+
0.1, 32 A E 2.610.0, 4294+= 2.810.1 ©]8)
t}. 17(Pg-planktonic group)¢] th& T H]3] 52
A A =& A AFEE ErHp(0.01),

3. &2 4J&&(opsonophagocytosis)

Z+ Fo. 2R Qoj WP A P gingivalis 381
ANefg Fad 42 71%E 13 (Pg-planktonic
group)e] TR vlo] @ FE To]u} plankton?] v ¥
F. nucleatum | B3 oA A E4vh
(p€0.0001)(Figure 1),
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4, T-NIZ line2| BHIE £

P gingivalis-5-0] 4 T-H|X line2] EHEHL Flow
cytometry S ©]&-3t] AR B3} 1T (Pg-plank-
tonic group) A helper T-HE(CD4) B]& ]
52.2%, cytotoxic T-A|E(CD8)H]&-¢] 20.5% 1L, 2
T(Pg-biofilm group)dllA+= CD47} 49.0%, CD89|
30.8% o], 37 (mixed Pg+Fn-biofilm group)ol|A]£
CD47} 49.5%, CDg¢] 22.2% ©] 11, 47 Fn-plankton-
ic group)ell A= CD47} 13,2%, CD8°) 11,00 Sk
(Figure 2).



5. P.gingivalis-5°1 T-MZ line iR &Y
Hio] mol=31Rl Y2

=2 H

H) 20 Z5E T-AHILE B3l P gingivalisZ
2Ak=8te] P gingivalis-5-0]/3 T-A|2 line g A3
o} ™ E P.gingivalis-E0) 4 T-A3E lineg] #lo|E
71 T=E ZA A3 T-HE line o3 Y4+d
INF- y 5 %7} 15%(Pg-planktonic group)oA] v 2]
3TRTE-FAA A =Hp(0.01)(Table 2).

Iv. &3 & agt

AFASE oY nAEo] off} EAITOE
TAE EFATA vlo]l LdE 5 SAA A o3
Z\AETRS olefgh M B E uto] L FE A
T+ 5 Pgingivalis7} 33 Q1 AF-A%E op7)eh=
TR HATO 2 A gy Tt A7
P, gingivalisol] thaF H7-2] thRE-2 plankion?] v
FHOE FAANZ Agtol thaf sishA] gtem = A
A A&k nlo] LEUE e Ate] F S
& A8 9G] X shdrk ol £ A= vle)
o HE Ao p gingivalisE W F8ke] Balb/cF ol
HAANAE 79 559 AEA 2 AR v 7t
o] o2 wTE =R E Hrstaa) AlxEkr,

P gingivalis vlo] QAE0 7 FE HAAF]7] A
of z}7) t}& 232 % plaeE o]-8-3}e] vlo] e
£ ok AUy BEsE s 5 dAg
Ho g FEH P gingivalis vlo]QE0 2 F& H
AxF o, A WHE F=37] 93t Fst
FALE "3 hooster immunizationH& A =3}

At

P.gingivalis v}o] Q852 WY HEGHE ol
3Rl T-HI X lined] & At A ol ¥ 9 58E o]
setr] 218} P gingivalis-50]4d T-AE lined E

S B4R BB AR, Aol

5
FEE 25t

A Slo] Beito) el 44E FAle
DR ATYe] 715E Agsh Rakn ok
02, 7 o} fri= WIS BRI, oo helper T
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M| F=3tel AR o] tigk WY wixg
op|sh= AFH AT WA Y W Y Ho R
TR P gingivalis®] T nlo] Q A = v

£ Aol B3 nlo] QHEo] o DA Sy
ulgste] WeolE R o] nEA & AHEE AL
T 583 A Holr}, ¥ AFoX & P gingivalis
T2 EEE B3NP gingivalis+ F nuclearum) B}o]
LAEGHE
group(13)3} F. nuclearumr-planktonic group(4)-<
o 2 ARkt 2F 7ol glolA] 3 V)] A
zEAe W 84 A% Fad e SAF
At 7t 27ke) 8 P gingivalis 3] G371 94
= 2polE HolA] eihrh. P gingivalisdl) tH3t A
g 9loIA 19-(Pg-planktonic group)e] TH
THbiofilm group)dl] H)8l 2 A A = & A
FES JERATE £ F4Y AR 7lF=
plankion?] P, gingivalis2 HH 3+ 170l 4] nfo] @&
Fo2 WAHsh AFTE vF fFo YA =AU
a2lal Y9 P gingivalis50]4 T-HXE line2] wj
WdEd o] M BRIl FEE S5 A INF-y
FE7Fvto] L FET A HE TAHE Rlelx 2
F3] vt UERdl o]& plankton2] B ol 8]
3l who] 2 FF vk Lol AEtd e HWY7SE
AAYSHE A0 24 P gingivalis biofilme)] o)k L
H SFHATE-S ou]ghrt thA] e, wpolod
50 2 w8l o= P gingivalist} P, gingivalis+F.
nucleatum T3lo]oHE0 g WYL AL
P, gingivalisS-0]4 T-H3E line2] INF- y&H]| ko] 4
FeF Ay B zF ] & P gingivalis 1gGE)
g0l TR E E-8kal P, gingivalis vlo] 3
2 0 2 W3} 7ol A plankton?] F, nucleatum W=
el A A& P gingivalisol] Thet A 4
#Ha gad A2k 75 fAReTh P ogingi-
valis Bfo] QEF-0 2 WA Fof|4] Lo TA X
line?] INF-y 4372 @37 W83 a2 d
g g §Ad AR Mgk o] ATrEe] Balet
o) 120 4721gk0) 910} Thi clonee] $-413}
ol 5g Selsh F Astehn @ 4 ok
Th}, B84 Pg+Fn vlo] . HEO R WA o)A

ABE o 2, P, gingivalis-planktonic

il

=

o
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2 P gingivalis© & ©5AH3 FEFI
F.nucleatum B9 ¥ P gingivalis £ B3 52
oA S8 HAY A o] P gingivalis biofilm W] %
Hol| et A7} HEH vy | o] F EE 5
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oledEo g WA ¥ A9 e A& 7HA L
o1F A o & 23} P gingivalis vlo] L UE U} ¥ A
AESHE v He s vy S EE dd
Ao]

IS

V.38

B d7E ol I E JuY P gingivalisg
8te] Balb/c o) BN HE B¢ 59 AXA
A4 Henkgo] ojEA alghEF X E Prhekal
2} 83kt vio| QUES P, gingivalis (S
%) BE F nucleaumyte] B8 o 7 AA A d
A3t B8-S 47 wiel A¥Te 2, plankton?]
vjoF P, gingivalisth F. nucleatum® & HQE 55
T& 47 Y270 2 Ahobr, WA FH o 3} P gin-
givalis A 97}, A A avidity), S 22
£/ 71%-& Hrsla, P gingivalis-5014 T-A|%E line
o) 3l ¥ B AL Pst o, Az
T 4EAY T-AE R ETR] 25 S
1 A7 ohge] A& 4ok

1

R

1. 8 P.gingivalis 3#) 97k 2+ 27§94 ¢l
= 2ol7t gt

2. 152 (Pg-planktonic group)e] th& nlo]Q J&
o]u} plankton?] ¥l F nucelatum o] B)
3 Fo A A T2 A AT BTt

3,2t Fo 2HE Aol WY A P gingivalis
3819)) ek Fad A2HE-& 1 (Pg-plankton-
ic group)ell A 2148 A Eken utoled
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£ 7ol plankton 4 F, nucleatum T2 44
2] g Bl

4, P.gingivalis 5014 T-AX lineo] <J8) #u|€
INF- P57} vl L BE TollA FE T-A%
lineol}A] 48] WA LeRRtTE
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A g AN dNkEg A Yo HE
e 4 ik
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-Abstract-

Perturbation of host responses by
Porphyromonas gingivalis biofilm

Woo-Seok Jeon, Sung-Jo Kim, Jeom-1I Choi

Department of Periodontology, College of Dentistry, Pusan National University

The present study was performed to evaluate how cellular and humoral immune responses were perturbed
by immunization of mixed periodontal bacterial biofilms, Each group of mice was immunizared with 1)
Porphyromonas gingivalis (P, gingivalis) grown as a planktonic culture, 2) Fusobacterium nuclearum (F,
nucleatum), 3) P, gingivalis grown as a biofilm, or 4) mixed P, gingivalis plus F, nucleatum grown as a biofilm
culture, respectively, Immune mouse sera were collected from each mouse, Spleens were harvested to isolate
T cells and consequently stimulated with antigen presenting cells and P, gingivalis whole cell antigen to estab-
lish P, gingivalis-specitic T cell lines. There were no significant differences in the mean anti-P. gingivalis IgG
antibody titers among mouse groups, Immunization of mice with pure P, gingivalis biofilm or mixed P, gingi-
valis plus F. nucleatum biofilm resulted in significant reduction of antibody avidity and opsonophagocytosis
function, INF- yproduction by P, gingivalis-specific T cell lines was also substantially reduced in mouse groups
immunized with the biofilm. It was concluded that P, gingivalis biofilm perturbs the cellular and humoral

immune responses in periodontal disease,

Key words ; T-cell line, bacterial biofilm, cytokine, cellular immune response
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