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Abstract

Oral Bacteroides species represented by Bacteroides (Porphyromonas) gingivalis
and Bacteroides intermedius (Prevotella intermedia) which are predominant in
subgingival plaques of adult periodontitis patients and are possible periodontopathic
bacteria, possess bioactive materials such as cytoplasmic membranes, peptidoglycans,
outer membrane proteins, lipopolysaccharides (LPS), capsules, and fimbriae on their
cell surfaces. These materials may modulate the cytokine network in periodontal
tissues and induced excessive production of cytokines. Some cytokines are involed
in inflammatory as well as immunological responses, and are designated as
inflammatory cytokines. Among the inflammatory cytokines, interleukin (IL) 1 has
been the most extensively studied, and its existence in periodontal tissues of
periodontitis patients and its etiological correlation with periodontitis have been
well demonstrated. We found that oral Bacteroides LPS, but not other LPS, induced
cell-associated IL-1 a and cell-free IL-14 and IL-6 in normal human gingival fibroblast
cultures. The fibroblasts primed with some cytokines, including interferon (IFN)-
B, IFN-  and tumor necrosis factor, produced much higher cell-associated IL-
1« than the non-primed fibroblasts upen stimulation with Bacteroides LPS. The
IL-1 is capable of inducing proliferation, matrice formation, and production various
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cytokines such as IL-1 itself, IL-6, IL-8, colony stimulating factors in fibroblasts
themselves and other cells in periodontal tissues. These cytokines in turn augment

the inflammatory responses in periodontal tissues.

This vicious cascade may be

involved in the initiation and development of periodontal diseases characterized by
localized chronic inflammation accompanying bone resorption.
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Schematic structure of the E. coli envelope.
residues. Circles represent the polar headgroups of phospholipids.
derived oligosaccharides, and KDO is 3-deoxy-D-manno-octulosonic acid.
heptose make up the inner core of LPS.
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Fig.2. The core structures of LPS from S. typhymurium and E. coli K 12 (unique features
of E. coli in parentheses). (Quoted from Raetz, C.R.H.”)
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Table 1. Bioactivities of LPS or lipid A

Lethal toxicity

Pyrogenicity

Preparative and provocative activity for local
Shwartzman reaction

Induction of hypothemia in mice

Induction of leukocytosis

Induction of bone marrow necrosis

Depression of blood pressure

Toxicity enhanced by BCG

Toxicity enhanced by adrenalectomy
Toxicity enhanced by galactosamine
Enhanced dermal reactivity to epinephrine

Platelet aggregation

Complement activation

Hageman factor activation

Induction of plasminogen activator

Limulus activity (activation of clotting enzyme
cascade of amoebocyte lysate of horseshoe
crab)

Embryonic bone resorption

Type C RNA virus release from mouse spleen cells

Adjuvant (immunomodulating) activity
Increase of nonspecific resistance to infection
Induction of tumor necrosis

Induction
Induction
Induction

of tumor necrosis factor (TNF)

of interferon (IFN)

of colony stimulating factor (CSF)

Induction of prostaglandin (PG) synthesis

Induction of tolerance to endotoxin

Induction of early refractory state to temperature
change

Somnogenic effect
Analgesic effect

Mitogenic activity for B lymphocytes
Macrophage activation
Polymorphonuclear leukocyte activation
Endothelial cell activation

Induction of mouse liver pyruvate kinase
Inhibition of phosphoenolpyruvate carboxykinase

Quoted from Takada, H. and Kotani, S.®

Table 2.

Nomenclature of black-pigmented anaerobic rods

~ Former designation

New designation

black-pigmented Bacteroides
gingivalis

asaccharolyticus
endodontalis

intermedius

corporis

melaninogenicus

denticola

&% & » ® »®» W &

loescheri

black-pigmented anaerobic rods
Porphyromonas gingivalis
Porphyromonas asaccharolytica
Porphyromonas endodontalis
Prevotella intermedia
Prevotella corporis
Prevotella melaninogenica
Prevotella denticola

Prevotella loescheii

From Van Steenbergen, T.J.M. et al.”



Fig. 3. Migration patterns of LPS from various Bacteroides species and reference bacteria.
LPS samples (2 #g each) from B. gingivalis 381 (lane A), B.intermedius ATCC 25611
(B), B. loescheii ATCC 15930 (C), B. corporis ATCC 33547 (D), B.oralis ATCC 33269 (E),
S. abortus-equi (F), and S. minnesota R595 Re (G) were applied to DOC-PAGE and stained
with a silver-stain kit. (Quoted from Takada, H. et al.?®)
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Fig.4. Proposed chemical structure of B. fragilis lipid A as compared with a defined
chemical structure of E. coli lipid A. (Quoted from Weintraub, A. et al.?®)
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Table 3. Cytokines and growth factors produced by fibroblasts

CYTOKINES

Interleukin 1 e and B (IL-1« and A)

(IL-6)

(IL-8)

Granulocyte-macrophage colony-stimulating factor (GM-CSF)

Interleukin 6

Interkeukin 8

Granulocyte colony-stimulating factor (G-CSF)
Macrophage colony-stimulating factor (M-CSF)

Interferon B (IFN-8)

GROWTH FACTORS

Epidermal growth factor (EGF)
Insulin-like growth factor (IGF)
Platelet-derived growth factor (PDGF)
Fibroblast growth factor (FGF)

Transforming growth factor 8 (TGF-23)

Quoted from Takada, H. et al.’”
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Cell-associated IL-1 LPS (10 ug/ml) from IL-6 in culture sup.
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Fig.5. Induction of IL-1 and human gingival fibroblast cultures by various LPS. (From
Takada, H. et al.?®)
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Fig.6. Priming effects of natural human interferons and recombinant human TNF for
generation of cell-associated TAF, which was revealed to be IL-1 a, by human gingival
fibroblasts elicited with B. intermedius LPS. (Quoted from Hamada, S. et al.*®)
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Fig.7. Fibroblasts under immunological or inflammatory responses generate high levels

of IL-1 upon stimulation with bacterial stimuli.

Gingival fibroblasts were primed with

various cytokines produced by immunocompetent and inflammatory cells stimulated
with Bacteroides LPS in the periodontal tissues. The stimulated fibroblasts were capable
of generating large amounts of membrane IL-le upon stimulation of Bacteroides LPS.

(Quoted from Takada, H. et al.’”)
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fa@Es 28R L T, 74 F~aT 7 0¥ => (PHA,1
pg/me) FAET T C3H/He] =7 2 g #fMla o> HE5E
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Table 4. Inflammatory activities of IL-1

In vivo activities

In vitro activities

Hematological effects
Neutrophilia

Increased GM-CSF

Bone marrow stimulation

Effects on vascular wall

Increased leukocyte adherence

Increased PGE synthesis

Decreased systemic vascular
resistance

Chemoattractant

Metabolic effects

Increased acute-phase protein

Decreased albumin synthesis

Increased sodium excretion

Increased corticosteroid
synthesis

Effects on central nervous
system

Fever

Brain PGE: synthesis
Increased ACTH

Immunological activities

T cell activation

IL-2 production and increased IL-2 receptors

B cell activation and growth factor for B cells
Synergism with IL-4

Induction and synergism with IL-6

Activation of natural killer cells

Synergism with IL-2, interferons, on NK cells
Increased lymphokine production

Macrophage cytotoxicity

Increased IL-1 production

Other activities

Basophile histamine release

Eosinophile degranulation

Increased collagenase production

Bone resorption

Induction of fibroblast and endothelial CSF activity

Production of PGE: in dermal and synovial fibroblasts

Increased neutrophile and monocyte thromboxane
synthesis

Keratinocyte proliferation

Proliferation of dermal fibroblasts

Increased collagen synthesis

Quoted from Dinarello, C. A."® with modifications.

PIRET 2 i iaiEtEit (TAF) fERZHEZEICL T
BEL, Z08R, Eiko) Kurt-Jones b D#&Ic—
LT, BAMERNSFD LPS i3 IL-1 HEMEHAERS
7 7258, Bacteroides 4 BN LPS i3 \Th i,
B FiEL b N HlaE g IL-1 G2 3AE L 2 (Fig.
5), TAF iE#iciz, IL-1LIANC IL-6 % & nfio i 4
F A4 OBETHREE DB, £ 2T, FERIK
LEE)aveF b A P4 2 HRAL TEL
2z A, $EEEFD IL-1EEIX IL-1 80°FRTEN
% IL-6 "L T aaicrt L, HMRRESDIL-1EE
134T IL-1 alc#D< 2 ED B LRI - 725, ki
FIREIC L CHRABLL 723538 B L & NC MifgE 5 % gt
LCIL-6 B %2#E L 72, HIEIS IL-6 KAFHEM I
MH 60. BSF 2692543 % SR B EF 2 48131 L TiT->
72, FDFER, Bacteroides LPS 2 EifE”) LPS X
N I IL-6 25 EFPICHEETH Z LWL
I2% -7 (Fig.5), %8, MEESICZIZIZEA L IL-6
EERRBE N 572,

C. WABRHFMRLELYA I AL 2y FT7—7

1, IL-1EEEMML 2T L4

Bl P MR S M B A AR RN TEBRIC Bacteroides LPS
DR EZITE L EICIE, BRTICEA L L RE - BB
Rtz ), BEcE2DT A4 P24 rHEELT
W EEZLNS, o THAMRMEIFMIZIZ LPSIc &
LINBELBITHEZDOTA A I2HELTWD
TH»9, REFHBRICERTA A M40 T
i¥ TNF, 1> #%—7xv> (IFN) Z¥»rHbL5nTw
%5, #ZTCTTNF, IFN-87%c L r CHARKESFMIL %
RIRIE (794 3>7) L2#& B. intermedius  LPS
THIE (B T2&, EREMBLYILELN
NOMRLE S IL-1 aH*iEE S L7z (Fig.6), bhAIC
TNF (3 BT AESFHIIC IL-1 258§ 2540768
%, INF-BB LU BT IL-1 13FE I N4
(Fig.6), %7 Bacteroides ? LPS TH#EZFMEIC IL-
1la%FE T 5B ERERICIFN- Bicx¥ 2 HiMiE %
MZTHBLEIL-1 e FEEINL GBI Eh b, LPS
I2& % IL-1 a DFHICIINEMED IFN-BH A fEL T
VIR DN - (WA

Huleihel 5%”i3f&2 N4 4 + #4 > (IL-18, IL-2,
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Fig.8. Cytokine network in the gingival fibroblasts and possible implications in

pathogenesis of periodontal diseases.

B - w70 77— au=——f#ET (GM-CSF),

TNF, IFN-o B& U B) T=7 ADRGIFHHEEF
R RTALEEL 7218, LPS CEEREST 5 &, BAFHR
TIXHETE - 72 IL-1 S HRBESICHEEI N
3 (EELFICREERIREBINTVENV)) 2,

BLICZNRETHIICIZIL-1a & BOWMED A v &
>V x— RNA (mRNA) »*8HL T2, ERICHR
W& 7z IL-1 B0 K350 IL-1 a BURTHIf S 1
b r%xmLz, LROBELOBEEEZEZ HDED
¥, Fig Tk 5 iR % 2 LA T& 5, WIEHR
DRFER TGN Tl GHEF I BRI FET 5 %
LB REEMENEET @2 A AL
WCELENTEBN 774 I THIGEZTTS, £
D728 Bacteroides % thsd & 3 5 Tz oo B B E A B
D LPS ICRZEHE %), By~ oMiaEg (BEe
M) IL-1a % BT 2, in vitro R B ) EFED%
FEDBICIZTER DY 37 GEBERDVFET 5D T,

HBE S IL-1 a (3 S N C—FPITHEBEO T TR S

(Quoted form Takada, H. et al.’”)

Na2THA A5, ZOHRIZHIHD Kabashima & D&

DL LSBT B,

. O AH Rk AR

J:L_mck ShHBFEIC L) MEOEEL 2REHEET
B M IL-1 o Z2HEEE0CREE L T 5 TTHEMEDT
5, IL-1 1ZREH L REET A P AL THY), %
FERGICEET 5 ERAERLREET S (Table 4),
Bl 2 \EAFED TR TH M MBI NS 2 BT
PR HIFTL, IL-1I3HHE2RERL™, 27—
RFuFAT) AP e )y 7 AR E #E
T25—HT, a5 F—X""h rOBERP TS T
SV TREELMET S, 2512 IL-1 IZHHEEFHT
PRI CIL-1 B (aB LU B) DEAZRTCT
13, IL-6", IL-8", GM-CSF®”, G-CSF®Y, M-
CSF¥V 7% b nfar D4 F 4 > DEELFET S,
BT I IL-1 BREDBTHA, b AL 2y FT—7
PRI IRVEELERLELS,
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BRI D BRI L RER TH b Wi B DRI B
LCd IL-1 2By % &5 2 48 5 T 552, IL-1 1%
in vitro EBRRTEBRNZRT, REFZHAL ER
TIFIL-18D13 9 A IL-1 a & V) LEWEIRIBIER 2 7R
%, EEEZHRAL EBRTIIMIL- 1 IZREBENE
MERT £V 9®, Nishihara 5¥iiev <707 7—
2 R4l P338 D1 DA IL-1 a ¥ in vitro T
ZEEEDOBRPZRL L @EL TS5, TNF L Hk
BER 2R3 2 EHMLN TV A ZFDERIZIL-1 &
N 5828 T -1 % TNF I3BEMIEIC EEERT
5N LABFMB L EICERL TREMOS
EERTEEZLNT S, ERICEHEERICL-1H
5 \ix TNF 2z TEREBEET 5 & SO EMIER
MBOTER I N 5%, &, IL-6 & ERZ M0
WA FET S EIVPELIICEINTY, L BHEMH
B n4ribic iz M-CSF 2 EEA ¥ % MERME DT »*
VEEEbLNTVEY, wFiuc L THBERBUCBEL
TLIL-1 »EDE L ->TEY, HLIL-1 2EAET S
Er iz, IL-1iCB% L TM-CSF #EAET 5 MHuEF
WMl COMERMBEIBELZELH->TWELD
LEzZ bbb, bkAlz, Hopps 53 B. gingivalis
LPS % & U2 MDP (2 B IR #MEZFHlE 4 Rg L < IL-
170287570y Bk EDERREF#EES
+, BRNZREET S EHBEL T3,

V., 8bhic

D@8 L 2R 2EENR S, LKA L TFig. 8
IR 72, ZOXTIZEEBE S % Bacteroides LPS
ICREZE TS, IMTLRLZEIICESDHE
R A LPS & EREDER 2R3 WL HL TV 5,
ER, LRk 512 B gingivalis DHEIT E F EAK
MESFMRC TL-1 SRR T2 FET 5%, 72 MDP L #
HESEMAE 2 Hl# L € IL-1 BRFOEAZRT Z L 2%
LNTHRE g f AL Ry P T— T DE
HONLEICRHEF M2 EL 725, ZOMEIC EED
AL, MENEMRLICIEes7e 77— R
farBWTRIBELXZ2#E Z LR THL, BT S
IR RATICHIBE A BT U A P AL Ry PT—
TOWAER B E, RIEWEYTA AL BRICESES
1, HEHEEFrEITT5LE2 605,
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