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Fusobacterium nucleatum 1A} 2| Porphyromonas

gingivalis 2A} HHO|| G5t

AXHIo

STES =Fs

288 Yuz - HEe
Syt ATkt Al atstmal
. NE SApo| A A7 gt ek 57 1gG whg-o] wk
EA] A9 ol 715 Q) A e UehiA] S8t
AFATL o] Bsh U2 asd o8 2&n = olfr= o EEWsith ol Wy dA
7} WA ER= oA we] o 7 ERRYRTH. X (immune deviation)’= X|-& ¢33} 3704 eI o
ol ool nYEA Bl v et we B EES doTle Y ARfe] wheshs 1Y
sha] Zulol A Wold 7)Ae] thpde Tgsicky,  Welshal Welsbde] 228 g3ke %) ujolet
T RZTo) o AEA Aefnhee AFAge W Lo

ool Zo] 293l 98 = Ao 7 A Y= Fusobacterium nucleatum(F, nucleatum)& A&,
o0, BRAG n B a5 TAZE gt fd Aol SHd AFgere] deopy), i
° 2 AN A XFSAe] TP Pz X 230 A|F ol A FHAIAQ1 WRlete] sffolrhiy),
2 WAz 3 AFEE T AP ETRIS F. nucleatum& HEgh X|& s} F9iiae}
Zh= % 7429 helper T A|ES] subset®. 2 WHgla}  biofilm'Odll X the T8 Alt¥}e] 58 (coaggre-
A B A Ak AEsy oMo dgzel  gation)d] A SRS skt 53] QA A2
Al 7t o) g 2] 28 (episodic) A4 €] ojvh s EHoA Porphyromonas gingivalis (P.
ool 5ol S Wi T AT Aol R F gingvalivet T 549 A5AEE e Tpry),
o ol A& 7o) =& 2SS o] &3] Alo] o] w2 B3t Actinobacillus actinomycetemcomitans
E7R] 2231 S 2= T Al F8 ¥ (phenotype) (A. actinomycetemcomitans)l] tHg+ o] 2} Huk-S-
o] So)4 okehg Pats) Bol Aaih o W wz5L 7 A0 R Has glrp, gl
ole] A5l e ofshd wAol A AU FEH TR B Fuke] HEEie] ARzt E
S0 AE A 715 5 Yo lse vt FEHl AT ol T AL HHFe) W
W& 2]72-(opsonophagocytosis)©| 2173 4= ¢] kg S WA= 20 E A H2
Bha trolA] 9JTys9, uhue] Thel X3 BolF-S o o E nucleatum S P, gingivalisS WA 7] 5
43+ A% FEZHE 9 WY F(post-immune) EollA P, gingivalis 5-°1/3 helper T A3 SE¢] W

Ao Txo) AT Tk tia) vEe o) uk 2H F3Kpolarization) E S TE S vk TR,
o 752 HolFE oz Bk, 13 F nudeaumo] Z7)0] AT A 8-S
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= P, gingivalisol] TJ3F A&
S 2 =3tk o] P. gingi-
HE FEdlA 2o FAeks vz
A2 AF8ALN A2 P, gingivalisol i3] ¥] 71534
I A7} QI 8] = o] f = AT,

B dAqtE A 2t (opsonophagocytosis)
71553} P, gingivalis®] & A g F. nuclea-
wmé] W Wx 335 2AbstaL, WY AEYS
(adoptive transfer)o]] 2]+ Ao]&t P, gingivalis-5-0]
/3 helper T A2 S22 Wol7]5S S78317] 2130

eyt

I, SRS 2 e
1, AS] Ml B

714402 wjeF, HFAIZ F. nucleatum ATCC
10953(American Type Culture Collection, Manassas,
VA)3} P, gingivalis 381(Dr, Schifferle A&, SUNY at
Buffalo, Buffalo, NY)& x|Zsle] o)) A3t ¥t
2ol whet WA S WA 7= ARSI (b
3] A3}, 10 Balb/c miced] PBS(phosphate-
buffered saline)& E73 FAFS] 2 A 1)L
2 AR5 10 Balb/c miced| A= Aol E F.
nucleatum(5 X 108 cells) S 25 7HA 0 2 B A}
ho] ¥ WA Z T P, gingivalis(5 X 108 cells)E
25 AR F W FARBFITHA2T). 10 Balb/c
miced)| 7= 25 IFH 0.8 P, gingivalis(5 % 108 cells)
Rho 2 5 HAAZATHAZD).

2. P. gingivalis-E°| T MIZ lined} 229
Bsa} s

o)7del] Arget el &) P. gingivalis=-©]7d
T AZ line?t 285 AS5H3Ath 1hs] Argshd,
B)A T AJE(1X10° cells/wel)E 12 well culture
plate(Costar, Corning, Corning, NY)9ol| P. gingivalis
(1x108 cells/well)9} FAAGHEZA] irradiated
syngeneic splenocyte(2500 cGy)<} 34| vl 43}
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ot ¥ 5 T FAIE
DS stk A7) F, GAARAT A A}
3 A MR WA} A S AR
T HEF S21& F=3knh P, gingivalis-50]7 T
A line 53} {419 vHEAQ] 8k 2 o
AZT S e T 27+ Az}

T
P. gingivalisE X33t 96-well plateE ©]-8-3F 24
replicateol| A well © 242} 1, 3, 107]¢] T HEZFE
HA7FA AT}, 24 replicate S|4 SRS Hol=
AR welles Adste] 802 Agstal 4
& 6well2 AT 2 T AE F28 A58
BHY SA4S AR A8 AlFeT v
A A (culture supernatants)S x|Z| 5} Alo]E7}e]
A4S 93l -20C of] EAskaiTt

3.7 MZ S29| B3iH0| S840}

P, gingivalis-5-0]’d T ME &85 FITC-conjugat-
ed rabbit anti-mouse CD4 B+ CD8 monoclonal
antibody(PharMingen, San Diego, CA)Z $213}9]
o 2T AE 29 Y] L Epics Elite
ESP(Coulter, Hialeah, FL)& ©]-8-3F flow cytometry
2 TR

4, P, gingivalis-5°|d T ME SE2| Bg]
1t P, gingivalis®| MH SIS 4&

A2 A3 WA A g P, gingivalisS
o)A helper T A3 FE(1x10° cells/mouse)< tail
vein JHWFARS 53l 10 Balb/coll Z42F Y YA
ZAt}. 10 Balb/ce] Wl Aol ) 7]2] ob& WA 25
H AAE v T AEE FAste] Y2708 AR
SEATE T Al AR 3Y &, 7t 7] W Ao ]
AVEEQ] P, gingivalis(1 X 101 cells)E B2 FAFs}
of ZHAIZTh

5. ELISAE 0|83t 819G 84 2112|573

u4e) 94 196 7R o]9e] HaLd WY



ok W g sto] A3 T Phosphate buffer® 3]
Sk P, gingivalise] A A|ZE &L (10ug/ml) 10045
4 ¢ oA A B ksl 5 0.05% Tween 202 3H7-3k
PBS(PBS/Tween) & plateZ 33] A &3}t
PBS/Tweeno| X &40 2 3|43}k & 504 2] WA
SHEES 7 welld] Wrhste] Aol FAZKE
oF vl ok3}SiTh PlateE PBS/Tween® & 33| Al 23}
T ZF welld] 1004 9] peroxidase-conjugated rabbit
anti-mouse IgG(H+L chain specific, Jackson
ImmunoResearch Laboratories, West Grove, PA)E
A7veto] AL oA 7 AIRbE S v ksl
PBS/Tween® & Z} wello]] 1004 2] tetramethylben-
zidine(1mg/ml, Kirkegaard and Perry Laboratories,
Gaithersburg, MD)& #7}sle] A&ofA 15871 Bj
&t F WSS AANTNZ] SEl 10049] 0.18 M
H25045 H718FIE). 450 nme] spgo A g]ojA|=
T BYIY 2 ko] HEWAS 87 24
Aok iz H5F ShS 1009] ELISA unit®. 2
s, T o AT B39 B4 16 9
Ve aEsan T P 7S $AH0E
] 15}7] 930, paired Student ttestE Al aFSiTt,

6. APPIEARI 5= BY

i F A NS FIALDA S P gingivalis T
o u g T ALES) 7270 AT, o
oje) Ao|E7}e] 422 ELISAY] ol wiplicae2
S48kt 1hds] Awshd, 96-well plate(Corn-
ing, Corning, NY)< 4 C 9|4 ¥4 sodium carbon-
ate bufferol] 4] 341 % rat anti-mouse IFN=y, IL-4 &=
+ IL-10(PharMingen, San Diege, CA, 4ug/ml)& Zt
Z} coatingdF T}, PBS/Tween® & 33] M| &t &
wellS PBS + 10% fetal bovine serum(PBS/FBS)]|
&) A2oA] 3087t blockdlal PBS/Tweenl. 2 3
3] A H3ATh PBS/FBS + 0.05% Tween 20(PBS/
FBS/Tween) |4 84 % 7} EE3} standard recom-
binant mouse IFN-y, IL-4 ¥+ IL-10(PharMingen,
San Diego, CA, 4 ng/ml)o] Z}2t 75 o] 2204
3NZFECH Ul kR AL, plate S PBS/Tween O 2 33 A]
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218199t} Biotinylated rat anti-mouse IFN-y, IL-4 &
+ IL-10(PharMingen, San Diego, CA, 2ug/ml in
PBS/FBS/Tween) 7+ welld]] zFzF A7)5ke] 2129
A1 1AIZE vl FakdTh. PBS/ Tween® & U] ¥ A2 5
% hydroperoxidase-conjugated streptavidin
(PharMingen, San Diego, CA, 2ug/ml in PBS/FBS/
Tween)& 71 & 37°C o)A 3087 vl Jadh
PlateE PBS/Tween® & 83| A 2]3}aL o-phenylene-
diamine(1 mg/ml in 0.1 M citrate buffer, pH 4.5)&
Wrhele] Aeola 2087 vl ke g
AAAN7)7] 930, 4 N H:S04E 7t welldl] 271519
L, 490 nm8] NN FRES S BF
AolETIRIS) FREE 34920 tieled ploting
5 871 248 st BRe) A|Erk 5
=E AAski

~
o

7

AR
CARER

i)

P, gingivaliss| T ] 7 2] A8 1%
& ool 4 WpEio] ek A= 2k
3] e}, P, gingivalisE PBSO|A] A3}l
DAPI(4', 6-diamidino- 2-phenylindole dihydrochlo-
ride, 1 mg/ml)o| A A& €A AT} Polymorphonu-
clear leukocyte(PMNL) & T2 AoA] EJsle] 2]
TS 98] ARR-eH B2 © 2 Hank's balanced salt
solution(Life Technologies, Grand Island, NY)¢j| 4]
ANEEA AL T3, FAE Al A2, PMNLY pro-
pidium iodide®] EFE-S 37 CollA] 1587t vl s}
At cytosping-o]] 3 AE-S FA S} cyanoacrylate
2 9otk 3 dnlgstol|A], Ao Fofsh=
PMNLS] #3280 PMNL)& o] 7o A3k #hy220
of] w2} blind examinere]] ¢J3f &3 3Fc}.

8. Western blot analysis

ZFeFs] 7]shH, LaemmeliZ} 7] WE»)o) wh
2} 1 mm-thick 10% running gel< ©]-&-3}¢] tall
Minigel system(Hoeffer Scientific Company) <] A]
SDS-PAGEE A3t} 5 % B-mercaptoethanol €]



EA13te] 100C oA 1037F WA T (denaturing) HRARRS-S A) T}
e o)A 80T ol A 1023E i WA A7 el s)

o) A Tl FB-S FH]sHIT) SDS-PAGE] o8] &£ . g7 &4

2]t 3, semi-dry blot system& ©]$& nitrocellulose

Mo TS SATEY. el BS B9 nonfar 1. TAE 224(cloning)l Esise] St
dry milk®] 4,5% 8 dAgH 0 2 Blocks}SiTh

block ¥, B8 A|2J3}2L Decaprobe(Hoeffer Scien- 273} A|37-2] P, gingivalis-S-©]4d helper T A
tific Company)dl] 3L 4C oA WA s g H o T FEL AT ) E BEFYP o, BF CD4ol| %
2 HASFTE 0.5 M NaClZ} 0.1% Tween 20(4] 3 golRom, NEEA T AE(Te) E2AR] CD8
AZAE gh5-3F pH 7.59] 20 mM Tris buffer® 5~ = 24Jo|tKTable 1), P, gingivalis-5-0]4 T A|3E
63] M53, B-& peroxidaseconjugated goat anti- SE A Hlok A Ml Alo|EFIO] Z 2ul o
rabbit IgGE A4 147t v kit wha 7\1z8te], AT el T AlE E8-2 IFN-y §lo]
A1 AFA R S0 AFstae A% FAE 4- TheFsE ] 149} 1L-105 AAFSH= helper T A3
chloro-1-naphthol& A% 34 AJefo 2 ARE-5}o] ZE type 2 subseto] L ¥HHo| A3t A F-f Tk

Table 1, Phenotypes of P. gingivalis-specific T cell clones from Groups 2 and 3 based on the flow cytometric
analysis

Groups Clone No, CD4 CD8 Th/Tc subsets”

- Th2
- Th2
- Th2
- Th2
- Thi
- Thi

Thl

Thi

Group 2

Group 3

BN — A 0 —
+ o+ o+ o+ o+ o+ o+ o+

* based on the cytokine concentration in Table 2

Table 2, Cytokine concentration of culture supernatants of P, gingivalis-specific T cell clones from Groups 2

and 3*
Groups Clones INF-y 14 IL-10
Group 2™ 1 - 6.8 -
2 - 7.9 4.2
3 - 4.3 3.7
4 3.2 19
Group 3™ 1 - -
2 5 - -
3 5.3 - -
4 4.0 - -

* cytokine concentration(ng/ml)
** Group 2 : immunized first with F, nucleatum and then with P, gingivalis,
Group 3 @ immunized with P, gingivalis alone
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THIE S8L 410 §lo] -] INyE A A2 MA{9] i % PMNLE A3TETE 2739
Abel= helper T A3 &8 typel subseto] 1Th Al =Y. P, gingivalis 38101 theF HS 1gG &7}
=

3t
T
LAkl 3]

(Table 2). 2] % PMNLY| thEh 3a-eA1E
A& N=3 vk, A3 (12=0.82) 3 W] 2LA] A 27
2 Nz BAE8 s (2=0.37) el 4 &4 ] efaA Vpepstth(Figure 1),
P. gingivalis 381¢] thek WY 23} WY 5 2z} .Y B EZTANE SEY YO s
IgG 7k} H % PMNLES & 301] rERSATE W
o Mol F oA 38 W A 2 1gG 2|1}EFe] P, gingivalis(1x 10M cells/mouse) & £-7%

7}9} H A AAH S 1gG “7}4 S7HE BT o FAkste] WA 7 o] Es-S A skgle), o
(p€0.01). H]= & 7o) P, gingivalisdl] 3k 1gG  ZTe] WA= 397 10vk] 5 onfe7) Apgst
A7toA FAA R FAEE Aole ARt Ak Thl S8 8 WY g WA 10725 8w}

Table 3, Pre-immune and post-immune serum IgG titer against P, gingivalis 381(ELISA unitsts d) and the
mean % PMNL

IgG titer to P. gingivalis 381

pre-immune post-immune
Group 1(N=10) 112,5+12.3 117.4%+3.2
mean % PMNL ND* 2.4%21
Group 2(N=10) 101.9+18.2 1243.8+131.5"
mean % PMNL ND 16,5121
Group 3(N=10) 105.3£10.0 1318.1£138.9"
mean % PMNL ND 42.2+14.6°

* significant higher than pre-immune serum IgG titer(p ¢ 0,01)
or control group, and no statistical difference between Groups 2
and 3(p ) 0.05) by Students ttest

** ND: not determined

@ significantly higher than Groups 1 or 2(p ¢ 0.01) by Students t-test

Group 1 Group 2

70 7 70 7

60 60

50 R2 =0.3695 50
Z] 40 E 40 1
= . = )
<30 . . & 3 R2=0.8202

. = *
20 i
. 20
10 * 10 4
0 L2 * hd T T 0 L L L L
4000 5000 6000 7000 4000 5000 6000 7000 8000
1gG titer 1gG titer

Figure 1, Plotting of linear relationship between anti-P, gingivalis IgG titers and opsonophagocytosis function
of sera from groups 2 and 3
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Figure 2, Survival rate of mice against the lethal dose of P, gingivalis which have been adoptively transferred
with Th1 or Th2 clone derived group 2 or group 3, respectively,

Z 7177k &g vbE The 322

WA ol <= 2ufe] 7k A8 TKFigure 2).

-
1l

4, Western blot analysis

P, gingivalis A1) F. nucleatum® 2 12| YA
20 A 27 WA A A& W AL WA P, gingi-

=t ]

5 &} 7
]

Figure 3, Western blot pattern of serum reaction
with P. gingivalis fimbrial antigens, Upper band is
75-kDa and lower band is 43-kDa proteins, respec-
tively. Lanes 1-3 and 7-9 denotes sera from group 3
and lanes 4-6 denotes from group 2, respectively,

95K

EBK

43K
36K

i

29K

o

16K
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Figure 4, Western blot pattern of serum reaction
with heat-dissociated P. gingivalis fimbrial anti-
gens, Lanes 1-3 and 7-9 denotes sera from group
3 and lanes 4-6 denotes sera from group 2,
respectively.

valis 43-kDa fimbrial protein?}7+ A ¥H8-& do

ZATHFigure 3, lane 4-6), 12JLY}, P, gingivalisitO 2
HAXZ A 37 WA ] AL 43-kDas} 75-kDa
fimbrial protein®]] &3] W3-8} tHFigure 3, lane 1-
3%} 79). FimbriacE GHAAAA T 02 ARSS
uf, A 27-2] AL FEA 0 Z HAE native fim-




brial oligomerol] €42 2 ¥F3-5}9 tHFigure 4, lane
4-6), 28202, A3 AL oligomere}t 44
W3-8 YERY QI tHFigure 4, lane 1-3, 7-9),

(

A, actinomycetemcomitans®] 5 % Q5+ X5 AT
o] HZExw|o] gkt}. P, gingivalis E0]|4 T AE A%
o|u} ZEL PRLITBZ) GMCH| ©]a]203031523339)
t}okdl oko] IFN- y IL-2, IL-4, IL-5, IL-63} IL-10S- AY
AFsl= T Al B3k (polarization) o] A ¢] o]Z(het-
erogeniety)< WEFATE o] 2zl we} Y =|5}1A]
R FEE AABFR o0 T2 Mg A3t
PBL9} GMC9] T}E subsetsS AF=-3tchal 745}
At} $-8l= P, gingivalisol] &4 F, nucleatum®]
¥e P, gingivalis 5014 T A|E £3}d] =& 4
k= A wEs) oy,

F. nucleatum} P, gingivalis®] S]] ¢lojA]9]
Ao Ao T7 RdS 59 AuA sk
718193 o] FFAE-E o)F F71AITTY] 4T
g}l oJst Ao 2 AWE 4= Q) oW F nucleatum
& P, gingivalisol] gt WY W 2755 3= 202
AANEJTHS. -8]& F nucleatum®] P. gingivalis
5ol T AEe] Th ¥ 29 #3515 934
710 2A & Aol A Bofstal vk &
T2 711S @) shtk F nudeatume] a APk
< (cross-reaction antigen)ol] AP A E A 7]
o] T M|3E+= P, gingivalisol] T3} ol s o] B3}
8} P, gingivalis 0]/ B2 T A& o] Ht)ar 7}
A % oI, olefah #20] 7] Zahol, $-el
o] WP Th1¥} Th2 subsete] AU} wWhof &
HS Hrfshe #AS &9kt P gingivalis 50
g Thl 282 71419 AAES FARFS o %
o] AES sflE Hof FoUh o]Hdt /gS Ui
ST LA FL50, R A= Akt

Il

373839 B A3= P gingivalis £-0] 4] subset7} 7]

f

1

N

o d
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Ao 2 wold g A A2

F. nucleatum®] AP W& HE3E P, gingivalis©l]
g 0S5
HelTtol e FEolA gt @

L
o=

HBAo g AW|Ztl P gingivalis £0]
FA-G 7]5/d& 7111 Th2 sub-
ARtk Aol F71ste, o] A A
AFHOR Aghs= Al

& WY 99 71de Fgs

a|J

F nucleatum®] &=
ATk

B2} 2500 M F nucleatum®] WY HE 395

TSt AmRA, $el 33420 A5 ol
immunodominant antigen® 2 9] &4 A= P,

gingivalis®] fimbrial proteindl]'® tgt 7 2] A
o] g Q1A o] QlefA o] xfol & ZASEATY. P. gin-
givalisol] 94 F, nucleatum® & HIA| 7] WA 25
B d& WY AL P gingivalis®] 43-kDa fimbrial
protein?F A0 2 WSS, T8y, P, gingi-
valisTHo 2 HAAZ] WA 2R E 9] AL 43-kDa
9} 75kDa fimbrial proteind| 4] 25 FAdo 2 vkg-
5}tk FimbriacE ERIAAIA FHOE AREA],
75-kDa proteino Al RS- A FRHo R
WA H native fimbrial oligomer2}
Witk W R, A3we] A2 oligomers}
83T}, 75-kDa fimbrial proteind} WHg-3k
heat-dissociated oligomere} ¥ gHk3-& Hol=
o Folgh, AT BHo] Fo451
TFY FAUAEE 75

43-kDa2} 75-kDa fimbrial protein 252] & QA
© P. gingivalis 7rgel tigt @4 <] Wof 7]5dl &
83 Ao 2 AR, T3 F nudeatum® & HY
NEZE A BAXTIE AL P, gingivalis 75-kDa
fimbrial proteino]] tgh g Q1] &g Zefsh
t}, o] o] A 2¢& A AFHLE HEA]T]
+ F. nucleatum®] 713529 shl A= 28 a}
t}, o] /@& P, gingivalis®] 75-kDa fimbrial anti-
geno] 7530 2 RHFSITRE T WL} o))

=



o
o
L

&) P, gingivalisol| EH%} Sz
|24 2ejal 4 <7 W

o2 s o] e AF
olafstaL X5 Wl AlE ALk

A&7 aLef ] ojof g,

ox, 1o

r e > =
_>_

rﬂjﬁizéérﬂh
paiy

ﬁ n r
e
mlo

ATl e AZA ?ﬂ%%
2ok 247)5S el
A7)5e 27 AT U ?%}xﬂfﬂ 3}
sho} Alisele] stae ek, T QJskre) 3}
BEEEELCISP LTI

At o1

—

VI gd1&

1. Caton, J. : Periodontal Diagnosis and Diagnostic
Aids, In: Nevins M, Becker W, Kornman K, eds,
Proceedings of The world Workshop in Clinical
Periodontics, Chicago: American Academy of
Periodontology I-1-1-22, 1989.

2. Astemborski, J.A., J.A. Boughman, P.O, Myrick,
S.B. Goodman, R K. Woolen, S. Agarwal, J.W,
Vincent, and J.B. Suzuki : Clinical and laboratory
characterization of early onset periodontitis. J.
Periodontol, 61: 557-563, 1989,

.Ranney, R.R . Diagnosis of periodontal dis-
eases, Adv, Dent, Res, 5:21-36, 1994,

. Ebersole, J.1.,nad M.A, Taubman : The protec-
tive nature of host response in periodontal dis-
ease, Periodontol, 2000, 5: 112-141, 1994,

5. Gemmell, E., and G.J. Seymour : Modulation of

immune responses to periodontal bacteria, Curr,
Opin, Periodontol, 2: 28-38,1994,

682

6. Taubman, M A, J.W. Eastcott, H, Shimauchi, O,
Takeichi, and D.J, Smith : Modulatory role of T
Lymphocytes in Periodontal Inflammation In:
Genco R, Hamada S, Lehner T, McGhee ],
Mergenhagen S, ed. Molecular Pathogenesis of
periodontal Disease, Washington, DC: American
Society for Microbiology, 147-157,1994.

. Baker, P J., S. Carter, M, Dixon, R, T, Evans, and
D.C. Roopenian : Serum antinody response to
oral infection precedes but does not prevent
Porphyromonas gingivalis-induced alveolar
bone loss in mice. Oral. Microbiol. Immunol,
14: 194-196, 1999.

. Sjostrom, K., R, Darveau, R, Page, C. Whitney,
and D. Engel Opsonic antibody activity against
Actinobacillus actinomycetemcomitans in
patients with rapidly progressive periodontitis.
Infect, Immun, 60: 4819-4825, 1992,

9. Whitney, C.J. Ant, B, Mocla, B, Johnson, R.C,

Page, and D, Enge @ Serum immunoglobulin G

antibody to Porphyromonas gingivalis in rapidly

progressive periodontitis: titer, avidity, and sub-

class distribution, Infect, Immun, 60: 2194-2200,

1992,

Evans, R, T., B Clausen, H. Sojar, G. C, Bedi, C

Stintescu, N.S Ramamurthy, L.M, Golub, and

10.

R.J. Genco : Immunization with Porphyromonas
gingivalis fimbriae protects against periodontal
destruction, Infect, Immun, 60: 2926-2935, 1992,
Bolstad, A1, H.B, Jensen, and V, Bakken : Tax-

onomy, biology, and perodontal aspects of

11,

Fusobacterium nucleatum, Clin, Microbiol, Rev.
9:55-71, 1996,

Moore, W.E. : Mocrobiology of periodontal dis-
ease, ], Periodont, Res, 22: 335-341, 1987,
Moore, W E., and L./V. Moore : The bacteria of
periodontal diseases. Periodontol, 2000 5: 66-77,
1994,

Bolstard, A 1., J. Tommassen, and H,B, Jensen :

12,

13,

14,



15.

16,

17.

18.

19.

20,

21,

22,

Sequence variability of the 40-kDa outer mem-
brane protein of Fusobacterium nucleatum and
a model for topology of the proteins Mol, Gen,
Genet, 244: 104-110, 1994,

Kolenbrander, P E,, and J. London : Adhere
today, here tomorrow: oral bacterial adherence,
J. Bacteriol, 175: 3247-3252, 1993,

Marsh, P.D,, D.J, Bradshaw, G.K, Watson, and
C. Allison : Role of Fusobacterium nucleatum in
anaerobe survival in microbial communities, J,
Dent, Res, 76: 226(Abstr #1700), 1997.

Brook I,, and I, Walker :
between Fusobacterium species and other flora
in mixed infection, J, Med, Microbiol, 21: 93-
100, 1986.

Feuille, F,, J.L. Ebersole, L, Kesavalu, M J, Stef-
fen, and S.C. Holt

phyromonas gingivalis and Fusobacterium

The relationship

: Mixed infection with Por-

nucleatum in a murine lesion model: potential
effects on virulence, Infect. Immun, 64: 2094-
2100, 1996,

Gemmell, E,, and G.J. Seymour : Interleukin 1,

interleukin 6 and transforming growth factor- 8
production by human gingival mononuclear
cells following stimulation with Porphyromonas
gingivalis and Fusobacterium nucleatum, J. Peri-
odont, Res, 28: 122-129, 1993,

Tew, J.G., S.S. Thomas, and R.R. Ranney :
Fusobacterium nucleatum-mediated
immunomodulation of in vitro secondary anti-
body response to tetanus toxoid and Acti-
nobacillus actinomycetemcomitans, J. Peri-

odont, Res, 22: 506-512, 1987.

A7, A, A ol ARt
A% AFHAo] ek AT 2 A A
Wl e SHATA A7, AT

A (FALF), 2000,
Choi, J.I., R.E. Schifferle, F, Yoshimura, and
B.W. Kim : Capsular polysaccharide- fimbrial

683

23,

24,

25,

26,

27,

28,

29,

30.

protein conjugate vaccine protects against Por-
phyromonas gingivalis infection in SCID mice
reconstituted with human peripheral blood lym-
phocytes, Infect, Immun, 66: 391-393, 1998,
Cutler, C.W, R.R, Amold, and H A, Schenkein :
Inhibition of C3 and IgG proteolysis enhances
phagocytosis of Porphyromonas gingivalis. J.
Immunol 151: 7016-7029, 1993,

Genco, C.A., R.E. Schifferle, T. Njoroge, R.Y.
Forng, and C,W. Cutler : Resistance of a Tn4351-
generated polysaccharide mutant of Porphy-
romonas gingivalis to polymorphonuclear leuko-
cyte killing, Infect, Immun, 63: 393-401, 1995.
Laemmli, U.K .: Cleavage of structural proteins
during the assembly of the head of bacterio-
phage T4, Nature(London) 227: 680-685,1970,
Towbin, H., T. Staehelin, T., and J. Gordon :
Electrophoretic transfer of proteins from poly-
acrylamide gels to nitrocellulose sheets: proce-
dure and some applications, Proc, Natl, Acad.
Sci. USA 76: 4350-4354, 1979.

Gmmell, E., M. Kjeldsen, K. Yamazaki, T. Naka-
jima, M.J. Aldred, and G.J. Seymour : Cytokine
profiles of Porphyromonas gingivalis-reactive T
lymphocyte lines and clones derived from P.
gingivalis-inflected subjects, Oral Dis, 1: 139-140,
1995.

Mahanonda, R., S. Prachaney, and S, Tirawatan-
pong : Cytokine profiles of Porphyromonas gin-
givalis-reactive T cell lines from periodontitis
patients. J. Dent. Res. 76: 230(Abstr #1732),
1997.

Yamazaki, Y, T. Nakajima, Y. Kubota, E. Gem-
mell, G.J. Seymour, and K, Hara : Cytokine mes-
senger RNA expression in chronic inflammatory
periodontal disease, Oral Microbiol. Immunol,
12: 281-287,1997.

Fujihashi, K., K.W. Beagley, Y. Kono, W.K.
Aicher, M, Yamamoto, S, DiFabio, J, Xu-Amano



3L

32,

33.

34,

35.

J, J.R. McGhee, and H. Kiyono : Gingival
mononuclear cells from chronic inflammatory
periodontal tissues produce IL-5 and IL-6, but
not IL-2 and IL-4, Am, J, Pathol, 142: 1239-1250,
1993,

Fujihashi, K., M. Yamamoto, J.R. McGhee, and
H. Kiyono : Type 1/type2 cytokine production
by CD4* T cells in adult periodontitis, J. Dent,
Res. 73: 204(Abstr #818), 1994,

Gemmell, E., B, Feldner, and G.J. Seymour :
CD45RA and CD45RO positive CD4 cells in
human peripheral blood and periodontal dis-
ease tissue before and after stimulation with
periodontopathic bacteria, Oral Microbiol.,
Immunol, 7: 84-88, 1992,

Manbhart, S.S., R.A. Reinhardt, J.B. Payne, G.J.
Seymour, E. Gemmell, J. K. Dyer, and T.M,
Petro : Gingival cell IL-2 and IL-4 in early-onset
periodontitis, ], Periodontol, 65: 807-813, 1994,
Yamazaki, Y, T. NakaJima, E, Gemmell, B,
Polak, G.J. Seymour, and K, Hara : IL-4 and IL-6
producing cells in human periodontal disease
tissue, J. Oral, Pathol, Med, 23: 347-353, 1994,
Ebersole, J.L., F. Feuille, L, Kesavalu, and S.C,

Holt : Host modulation of tissue destruction

684

30.

37.

38.

39.

caused by periodontopathogens: effect on a
mixed microbial infection composed of Porphy-
romonas gingivalis and Fusobacterium nuclea-
tum, Micro, Pathog, 23 23-32, 1997,

Gemmell, E,, RI. Marshall, and G.J. Seymour :
Cytokines and prostaglandins in immune home-
ostasis and tissue destruction in periodontal dis-
ease, Periodontol, 2000 14: 112-143, 1997,
Kawai, T., M .E, Wilson, T, Nagasawa, H.
Watanabe, J,W, Eastcott, D.J. Smith, and M A,
Taubman : Adoptive transfer of cloned antigen-
specific Th1 lymphocytes produces periodontal
bone loss. J. Dent. Res., 76: 231(Abstr
#1738),1997.

Shimauchi, H,, M, A, Taubman, J.W, Eastcott,
and D.J. Smith : Migration of Th1 and Th2 Aa-
specific clones into infected and noninfected
gingival tissues. J. Dent. Res. 72: 243 (Abstr
#1121), 1993,

Yamashita, K., J.W. Eastcott, M_A, Taubman,
D.J. Smith, and D.S. Cox : Effect of adoptive
transfer of cloned Actinobacillus actinomycetem-
comitans- specific T helper cells on periodontal
disease. Infect, Immun, 59: 1529-1534, 1991.



-Abstract-

Prior Exposure of Mice to Fusobacterium Nucleatum
Modulates Host Response to Porphyromonas Gingivalis

Han-Yong Son, Sung-Jo Kim, Jeom-1l Choi

Department of Periodontology, College of Dentistry, Pusan National University

Multiple periodontal pathogens sequentially colonize the subgingival niche during the conversion from gin-
givitis to destructive periodontal disease, An animal model of sequential immunization with key periodontal
pathogens has been developed to determine whether T and B lymppocyte effector functions are skewed and
fail to protect the host from pathogenic challenge. The present study was performed to evaluate immunomod-
ulatory effect of exposure to Fusobacterium nucleatum(F, nucleatum) prior to Porphyromonas gingivalis(P,
gingivalis). Group 1(control) mice were immunized with phosphate-buffered saline, Group 2 were immunized
with F. nucleatum prior to P, gingivalis, while Group 3 were immunized P. gingivalis alone, All the T cell
clones derived from Group 2 demonstrated type 2 helper T cell clone(Th2 subsets), while those from Group 3
mice demonstrated Th1 subsets. Exposure of mice to F, nucleatum prior to P. gingivalis interfered with
opsonophagocytosis function of sera against P. gingivalis, In adoptive T cell transfer experiments, in vivo pro-
tective capacity type 2 helper T cell clones(Th2) from Group 2 was significantly lower than type 1 helper T cell
clones(Th1) from Group 3 against the lethal dose infection of P, gingivalis, Western blot analysis indicated the
different pattern of recognition of P, gingivalis fimbrial proteins between sera from Group 2 and Group 3.

In conclusion, these study suggest that colonization of the subgingival niche by F. nucleatum prior to the
periodontal pathogen, P, gingivalis, modulates the host immune responses to P, gingivalis at humoral, cellular

and molecular levels,
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