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Vzajemné interakce mezi
endogennimi a exogennimi faktory
pfi rozvoji zanétu parodontalnich

tkani, jejich molekularni podklad.

Prednaska z patologické
fyziologie

26. 10. 2007

Klasifikace onemocnéni parodontu

(1999 International Workshop for Classification of Periodontal Diseases and
Conditions)

1) onemocnéni gingivy Healthy State

Disease State

2) chronicka parodontitida
3) agresivni parodontitida

4) parodontitis jako manifestace
systémového onemocnéni

5) nekrotizujici onemocnéni parodontu
6) parodontalni absces

7) parodontitida spojena s
endodontickymi lézemi

8) vyvojové nebo ziskané deformity

Parodontitis

Hloubka
chobotu
AL

Ztrata
kosti




Chronicka parodontitida

e Drfive oznacovana jako adultni Klasifikace:
parodontitida - Rozsah:
° Castéjéi u dospélych, ale mize se e Lokalizovana: <30% interproximalnich mist
iudeti a2 ’ stiz
vyskytnout i u d&ti a adolescent posfizene o ... o
(nejéastéjéi forma vﬂbec) e Generalizovana >30% interproximalnich

mist postizeno
* Stupeni destrukce koresponduje s

- Zavaznost:
vyskytem lokalnich faktord e mirna (¢asna): 1-2 mm CAL
* Mikrobialni sloZeni plaku byva velmi e stiedni: 3-4 mm CAL
riznorode ) ’ o zévazna (pokroéila): >5 mm CAL
* Obvykle progreduje pomalu (vs. obdobi
rychlé ztraty)

» Prevalence vzriista s vékem:
= 30-39 let: 35.7%
= 80-90 let: 89.2%.

e Akumulace supra- i subgingivalniho plaku s
tvorbou ZK

o Zanét gingivy
e Tvorba ,pravych chobot”
e Pohyblivost zubl

Agresivni parodontitida

e rlizné typy onemocnéni dle drivéjsi klasifikace
e Casto postihuje osoby jinak zdravé

e typicka je rychla progrese

e  Drive oznacovana jako LJP e  Drfive oznacovana jako GJP
* nizka prevalence (0.1-0.5%) * obvykle postihuje osoby pod 30 let
* zacina ve véku kolem puberty * generalizovana interproximalni ztrata
* postihuje stalé fezaky a/nebo prvni molary kosti (minimalné 3 stalé zuby jiné nez
* lokalni faktory ¢asto minimalni molary a fezaky)
* progreduje rychle (3-4 x rychleji nez CP) * lokalni faktory byvaji vyrazné, ale
* Casta pfitomnost A.actinomycetemcomitans nemusi korelovat s tiZi destrukce
* vyrazna protilatkova odpovéd v séru * Casta pritomnost P. gingivalis

Etiopatogenetické faktory

Vnéjsi Vnitini

e Zubni kdmen (mechanicky — * Veék (Casovy faktor
dekubity, nosi¢ plaku) prispivajici k rozvoji

e Pfevislé vypiné a korunky onemocnéni)

e Pohlavi (muzi-horsi
hygiena, zeny-pfi vy$sSim
poctu téhotenstvi)

Rasa

Geograficka distribuce

Ortodontické anomalie

e Vysoky upon frenula (poSkozeni
tahem, hromadéni plaku)

e Meélké vestibulum

= Traumaticka artikulace e Celkové onemocneéni
Heredodegenerativni
onemocnéni

_—

e Koureni

Dentalni plak

Parodontitida je onemocnénim spousténym
mikrobialnimi patogeny, ale...

Co to znamena?

. Musi byt patogenni agens — v naSem
pfipadé plak
*1i§i se v mnozstvi, slozeni, virulenci

= specificka x nespecificka teorie plaku

e o odifkovino it E HoSt
+ ot sqensyo moumovsnomurnnt PN SIS
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Pivodni model o piisobeni bakteridlni
infekce a odpovédi hostitele na tuto infekci

Bakterialni plak | => |(Zanétliva odpovéd’ hostitele| = | Klinické onemocnéni

Soucasna koncepce patogeneze parodontitidy

Zevni prostiedi a ziskané
rizikové faktory

Metabolizmu Klinické
Imunitni s znamky

Mikrobialni odpoveéd pojivovych onemocné&ni
infekce hostitele tkani a a jeho

alveolarni progrese
kosti

Genetické rizikové faktor

Page & Kornman

Interakce faktori p¥i rozvoji onemocnéni

Porphyromonas gingivalis
Prevotella intermedia
Actinobacillus actinomycetem.
Fusobacterium nucleatum
Eikenella corrodens
Campylobacter rectus L?, = S
Tannerella forsythensis~_— =4 B
i o Koy oral
F microorganisms

The universe
All bacteria
All environ.

elements
All host

) elements
Suscept . >

s A

pest -~ Diabetes

N,

) b Envir.

Smoking .\ trigmers

Poor oral hygiene = — = O ) )

Plaue retaining factors T | Gingival crevicular fluid
substances

Initial probing depth and
attachment loss
Educational attainment
Professional dental visit
Other resident bacteria

PGE

beta-glukuronidase

neutral protease
PMN leukocyte function
Genetics

Greatest risk of
disease

Modified from Axelsson et al, 2002

S. mitis *
S. oralis
S. sanguis *

S. gordonii
S. intermedius

A. actino. b

Socransky et al. 1998




Bakterie
]

Vztah bakterii a makroorganizmu:

o Fyziologické osidleni kiiZe a sliznic
- za normalnich okolnosti nepatogenni

- mohou zpusobit i zdvazné onemocnéni za uréitych situaci (napf. bakteriémie
po extrakei zubu jako pfi¢ina endokarditidy u oslabené¢ho organizmu)

o Nahodna kratkodoba kolonizace
o Nosicstvi

- epidemiologicky zavazné (S. aureus, S. typhi...)
o Onemocnéni

- konflikt mezi mikrobem a hostitelem

Unik bakterii pi'ed obrannymi mechanizmy |
hostitele

e Mohou tvofit imunorepelentni latky odpuzujici fagocytézu
e Pritomnost bakterialni stény
- ztéZuje fagocytozu
(S. aureus tvori plazmakoagulizu — umozZni obaleni fibrinem, coz
plsobi antifagocytarn¢)
- chrani pfed ucinky komplementu
e Piezivani v makrofazich
(odolna sténa, zabrana splynuti fagolysosomu, zabrana respira¢niho
vzplanuti, pFechod z fagosomu do cytoplazmy)
e Antigenni variabilita — sniZuje u¢innost specifické imunity
e Poskozovani imunitniho systému hostitele

(napf. leukocidin S. aureus)

Mikrobialni faktory u onemocneéni
parodontu

Kochovy postulaty k nalezeni parodontalnich patogent:

Asociace, tj. zvySené OR u nemoci

Eliminace, tj. po potlaceni bakterii navrat ke zdravi
Odpovéd hostitele

Pfitomnost virulentnich faktora

Dukazy ze zvirecich studii podporujici pozorovani u lidi
Dukazy ze studii rizikovych faktort

= Consensus Report zr. 1996 — nékolik druht pfi€éinnych
parodontalnich patogenu

Mikrobialni faktory
.|

Porphyromonas gingivalis
Bacteroides forsythus, nové prejmenovan jako Tanarella
forsythensis

Actinobacillus Actinomycemcomitans

e Baktérie samotné nejsou schopné vyvolat onemocnéni:

- Siroké spektrum nachylnosti hostitele
- Roazdily v prevalenci a rozsahu mezi jednotlivymi zuby




Parodontitida
]

e Inicialni krok — kolonizace tkani

1) Adherence:
- zub (kofen)
- parodont. tkané
- preexistujici plak

x omyvani tekutinou (sulku, slina...)

= ruzné interakce (viz. nasledujici tab.)

Select Bacterial Adhesins and Target Substrates

Probable
Attachment Surface

Tissue

reexisting plague

mass

Substrate

Saliv

mineralized surfaces

Saliva-coated surfaces

Fibroblasts

Polymarphonuclear
leukocytes
Connective tissue

Bacterial Species

ochroceus

Bacterial Adhesion

Fimbriae

Fimbriae

70- to 90-kD protein

300- to 330-kD outer
membrane protein

Fimbriae

Fimbriae

Surface protein
Fimbriae

Protein

Membrane protein

Membrane protein
Fimbriae

Heat-sensitive protein

75- to 45-kD fimbrial
proteins
Heat- and protease-

sensitive protein

Substrate Receptor

Saliva i
hydroxyapatite

Proline-rich proteins

Sialic acid residues
Galactosyl residues
Calactosyl residues

Galactosyl residues

Calactosyl or mannose
resigues

Galactosyl residues

Galactosyl residues
Fibrinogen, fibronectin

Fibrinogen

Repeating heptasacchands

on polysaccharide

Rhamnaose, fucose

N-acetylneuraminic acd

residue

Galactosyl residues

Galactosyl residues

n Socransky 55,

1 RD, Duck LW, &1 4

rrish KD, Andersen Rb

2) Invaze do tkani:

- diky ulceracim epitelu (napi. NUG)
- pfima penetrace

= ldealni situace - pro uvoliiovani enzymu a toxint
- rezervoar pro rekolonizaci

U

pouhé mechanické odstranéni neni vzdy dostateéné
(ATB pfi nalezu A.a. u juvenilni parodontitis)

3) Unik bakterii pfed obranou hostitele

Host Defense Mechanism Bacterial Species Bacterial Property Biologic Effect

Specific antibody

lgA; G-degrading De

Leukotoxin

Heat-sensitive surface protein

Apc of mong ear
Apoptosis of | 1
Decrease
antigens and mitogens
TI-CONT
Reease of interleukin-8
Impairment of PMN response

[IL-B)

!

to bacteria




Mechanizmy poskozeni tkani

bakteriemi
Primé: [ Bacterial Enzymes Capable of Degrading Host Tissues

Bacterial Enzyme Species

Collagenase P. gingivalis :
A. actinomycetemcomitans

Inypsinlike enzyme P. gingivalis
A. actinomycetemcomitans
T. denticola

Arysulfatase C. rectus

Neuraminidase P. ginivalis

T. forsythia

P. melaninogenica
fibronectin-degrading enzyme  P. gingivalis

P. intermedia
Phospholipase A P. intermedia

P. melaninogenica

Mechanizmy poskozeni tkani
bakteriemi

Examples of Effects of Bacteria and Their Products on Production of Biologically Active Molecules by Host

Nepf‘imé: Tissues

Effect on Cytokine Levels Bacterial Speches

Bacterial Component Targot Host Tiusue

Increased release of interleukin.

Increased release of interleukin-6

Gingival fibroblasts
LPS PN
LPS PMNG

37-kD protein Macrophage:
LPs Monocytes

Reakce organizmu na bakterialni infekci

e Branou vstupu — obvykle slizni¢ni povrchy (poruseni integrity)
e Osud hostitele zavisi na:
- obranyschopnosti (z velké ¢asti determinovana geneticky)
- patogenité bakterie (invazivni schopnost, tvorba toxini, schopnost
odolavat obrannym mechanizmim hostitele)
neinvazivni — mnoZi se v misté vstupu do organizmu
ohrozuji v pripadé produkce toxini
(obranou jsou pouze neutraliza¢ni Pt)
invazivni — pronikaji do organizmu (extracelularni x intracelularni)
(obranou jsou Pt, komplement, fagocytéza vs. makrofagy)
- velikosti infekéni davky

Systemic Neutrophil Abnormalities Associated with Aggressive Periodontitis

Condition Neutrophil Abnormality Periodontal Manifestations

Neutropenia, agranulocytosis ~ Decreased number of neutrophils. Severe aggressive periodontitis.

Chédiak-Higashi syndrome Decreased neutrophil chemotaxis and Aggressive periodontitis and oral ulceration
secretion, Syndrome caused by mutation in the vesicle

Neutrophil granules fuse to form
characteristic giant granules
called megahodies

trafficking regulator gene, LYST.

Papillon-Lefévre syndrome Multiple functional neutrophil defects, Severe aggressive periodontal destruction at
including myeloperoxidase deficiency, an early age, which may involve primary
defective chemotaxis, and phagocytosis. and permanent dentition.

Recently associated with mutation in
cathepsin C gene (see Chapter 11).

Leukocyte adhesion Defects in leukocyte function caused by Aggressive periodontitis at an early age and
deficiency type 1 (LAD-1) lack of integrin -2 subunit (CD18). affecting primary and permanent dentitiot
Neutrophil defects include impaired in individuals who are homozygous for the

migration and phagocytosis. defective gene,

Histologically, almost no extravascular
neutrophils are evident in periodontal
|esions.
Leukocyte adhesion Neutrophils fail to express the ligand Aggressive periodontitis at a young age.
deficiency type 2 (LAD-2) (CD15) for P- and E-selectins, resulting
in impaired transendothelial migration
in response to inflammation.




’ U zdravych jsou exprimovany nizké hladiny E-selektinu I

Bakterialni zmény — odpovéd’ hostitele

u parodontitidy

1. LPS uvoliovany z

Junkeéni epitelialni burniky také exprimuji adhezivni molekuly
selektivni pro PMNLs

plaku

3. PMNLs
opousteji cévy

2. LPS z baktérii
stimuluji

endotelialni bunky k

expresi E-selektinu

e Parodontitida

- Odpovéd hostitele vyvola destruktivni zanétlivou odpovéd’

4. IL-8 uvolnovany
z epitelidlnich bunck

5. PMNLs 7
migruji podle 7
IL-8 gradientu,
C5a, LTB4 etc,

Néjaky deficit v PMNL funkci ma za dusledek rychlou destrukci
parodontu

e Parodontitida

6. PMNLs tvori
bariéru mezi
okrajem a
epitelialnimi
bunkami

Parodontitidy jako ,,monogenni nemoci*

Onemocnéni Biochemicky defekt Dédicnost OMIM
Papillon-Lefévre syndrom Cathepsin C AR 245000
Haim-Munk syndrom Cathepsin C AR 245100
Ehlers-Danlos syndrom typ 4 Kolagen AD 130050
Ehlers-Danlos syndrom typ 8 Kolagen AD 130080
Cyklicka neutropenie Elastaza neutrofili AD 162800
Chediak-Higashi syndrom Regulator transp. lysosomu AR 214500
Defekt glykosylace typu llc Transportér GDP-fukézy typu | AR 266265
Defekt adheze leukocyta Adhezni molekula CD18 leukocyti AR 116920




Katepsin C

o  Katepsin C (Dipeptidyl peptidase I (DPPI); EC 3.4.14.1) je 200 kDa protedza pattici do rodiny papainovych

endopeptidaz podrodiny C1A

e Lysozomalni cysteinova proteinaza hraje roli v aktivaci serinovych proteaz — napf. elastazy neutrofild, katepsinu G,

proteinazy 3 (klicova role pii migraci neutrofili do mista zanétu)

® Mozna role u parodontitidy:

Neutrofilni
granulocyty

<=

@@
>1< PL

[

Serinové
proteazy

/
¥ —

PLS

A @ Neutralizace
‘ leukotoxinu
PLS
PLS t
+ - | A. actinomycetemcomitans |

Granzym B

LPS je silnym stimulatorem tvorby IL-1 B, ktery je schopen ucinné zesilovat
zanétlivou odpovéd

7. Interleukin 18
uvolnovany z fady
bunék zejm.
makrofagti

Makrofagy
interaguji s jinymi
bunkami

IL-1 stimuluje
osteoblasty
a fibroblasty




Matrix metaloproteinazy jsou skupinou Zn
dependentnich proteinaz, které degraduji
kolagen

MMPs

Fibroblasty uvoliuji

Fibroblasty stimuluji
osteoblasty pies PGE:

enamel

cementum

Zdrava gingiva

connective tissue

vessel

Pocinajici gingivitis

Salivary

Defense:

Dental plaque Fluid flow
Antimicrobial

fatty acids rereins

f-MLP

Defensins
Cathelicidins
Calprotectin

enamel

. vessel

cementum ' . . TNFx

connective tissue MMP ~—F

pEIE fatty acids

IL-8
IL1B
IL-6
TNFo
PGE2
alL-Ap s

o © A2, . Biae

"'JrPG‘E:Z_, Acute phase pro

TNEx L-redctive pmﬁi&

complement
fibrinogen

antibody

LY




Parodontitis

fatty acids
plaque AR

antibody

)

Bacterial tissue & e ° ek B-Cell
invasion :
vessel
serum puiai}
— ! e-feactive,
cementum TR o
' complement
fibrinogen

d

2252 aes a0t

—?__—-—"' Sl it

Antibody

Phagocytosis #,
- - - -

%ce?l R‘
( Anngen Antigen
Plasma 5 /

B cell

e Te® o T,

Peripheral )
/

4
[J
8'
dentritic )] 'y
cell °
IL-8 .
ICAM 1 Perlodontal
bacteria —#
.l
MMP 8 % &
-
L
-

Antigen

R

e

Activated
B cell

LPS

MMP-1
Macrophage %

IL-1p
TNF-a

Fibroblast
PGE,

% Osteoclast
activation Serum g —— Regional
antibody lymph nodes

Tooth

Parodontitida jako komplexni nemoc

INTERAKCE KLINICKE FENOTYPY
gen/gen, gen/prostredi




Molekularni biologie interakci mikrobt

a hostitele u onemocnéni parodontu

e Vrozena x ziskana imunita
e Velky pocet parodontalnich patogent x limitovany pocet
bunéénych receptort

= rozpoznavani molekularnich motivl nepfitomnych u vyssich
organizmu:
pathogen-associated molecular patterns (PAMPs)

pomoci pattern recognition receptors (PRRS)

— mezi nimi toll-like receptors (TLRs)

TLRs
@ ——

e Poprvé popsany jako gen pro typ | transmembranového
receptoru

— dulezita uloha pfi dorzoventralnim vyvoji embrya Drosophily
— absence tolls vedla i k vdznému postizeni obranyschopnosti

proti plisnim a G+ bakteriim

= Nalezeny savéi homologa — podobna uloha ???

TLRs receptory a jejich ligandy u
onemocnéni parodontu

PRR PAMP Periodontal Pathogen
ILR-2 Lipoproteins Bacteroides forsythus*
Atypical LPS P. gingivalss, C. ochracea
Quter membrane proteins Oral treponemes
Fimbriae P. gingivalis
Nonendotoxic glycoprotein P. intermedia
TLR-4 HSP-60 (GroEL) P. gingivalis
LPS A. actinomycetemcomitans, F. nucleatum
TLR-9 CpG-containing DNA A. actinomycetemcomitans, P. gingivals, P. micros

NF-kB AAAA
mMRNA ,\/ » | CYTOKINE
PRODUCTION

CYTOKINE Ct’Ed ,,,
g\‘ PRODUCTION '“’"b
NF-kB § \\,m

Ta rget genes




MyD88-dependent l | MyD88-independent

Epithelium
TLRZ, 3,4,5,6,9

1

P. gingivalis DNA P. gingivalis LPS P. gingivalis LPS

A a DNA P. fimbrine || A a LPS ;

e || | S e Plaque biofilm

C ochracea LPS | Langerhans cell / tissue dendritic cell
l l | I TLRL, 2,3,4,5,6,8, 10
:,Ié?; I:Iu :H:I:D TLR2 “qun.m T'-“JI:| Cell membrane
- Neutrophils
map  TIRA Al [ e TLR1,2,4,5,6,7,8,9, 10

MyD88

Gingival fibroblast

~' 22| T1R2, 4,9

CEJ
Cementum Endothelium
TLR2, 4 TLRL, 3,4, 5
Periodontal ligament fibroblast | = Osteoblast

TLR2, 4 ©@@8)\ T1R1, 4, 5, 6, 9
— T Wy

4 Nuclear membrane S

Pro-inflammatory cytokines Type I Interferon % L};H‘ _?liﬁ‘lOC;aS; 456789

(TNF-gt, IL-1, TL-6, TL-12) . . R B
NUCLEUS Maltafonda et al. 2007 Mahanonda et al. 2007

LPS Aktivace systémové reakce
' 'y Parodont Systémova
Stromal cell W cirkulace
and osteoblast T cell
OPG
. decoy
RANKL
Active osteoclast
RANK differentiation /
activation
Monocyte Precursor cell

BONE RESORPTION




Aktivace systémové odpovédi
parodontalnim zanétem

Systémova cirkulace

Reakce akutni faze

Vascular sources Primary inflammatory cytokines | _Extravascular sources

Inflamed atheroma Adipose tissue
Hypertensive arteries [ 'I'il-r—u ~a Chronic infections
(ginghvitis, bronchitis, etc.)

Aprlic aneurysms
v

Messenger cytokine
Angictensin 11} —» Interieukin-& .
Selectins
ICAM-1 VCAM-1
l -
Endothedial cell

Livar
sICAM-1
sVCAM-1
s-Selecting
etc.

Onemocnéni parodontu — lokalni problém?

I Parodont - systémové efekty
Bakteridlni produkty| Zanétlivé medidtory
(LPS) (IL-1, INF-gamma, IL-6, IL_8)

— ==

[ Cévni feisté
| Systémové zanétlivé procesy

Bakterie

Local Infection

Srdece a cévy |

Ei?:dmhﬂllm j’:gﬁmkcc Proteiny akutni fize Placenta/uterus L
i lipida (CRP SAA IL-6, TNE. I-1} Kontrakee hladkych svalii délohy
M\gmc monocyti Ruptury membran

Proliferace hladké svaloviny

Jatra, pankreas
inzulinova rezistence
intolerance glukézy

Nizka poradni hmotnost

Ateroskleroza
Kardiovask. nemoci




