MU I
Mt D

Genetika v ZL 3

doc. RNDr. Monika Pavkova Goldbergova, Ph.D.



Inflammatory diseases
Ocular diseases
Neurological diseases
Gene marking
Healthy volunteers
Others

Cardiovascular diseases

Infectious diseases

Monogenic diseases

Cancer

500 1,000 1,500 2,000

Number of trials
(updated November 2017)

h. Anguela XM, High KA. 2019.
A @ Annu. Rev. Med. 70:273-88

Annual Reviews




a Gene augmentation

Cell with loss-of- Cell with
function defect corrected function

-
-

—_ = = = = —>

Gene transfer

——

Functional gene

€ Genome editing Repair using...

Cell with

defective gene Hemology-

- — |+

o | Non-homologous

end joining
Gene transfer
of nuclease
+ DNA template

[l Anguela XM, High KA. 2019,
128 Annu. Rev. Med. 70:273-88

: g | directed repair

b Gene suppression

Cell with gain-of- Cell with

function defect

corrected function

End result

Correction
-
Knock-down
—OXo=
Addition

=B

-3

Gene transfer

——3—

Inhibitory sequence
(miRNA, shRNA)

Corrected cell

Diseased cell

Non-functional allele
Functional allele

Functional allele following
targeted gene insertion

Annual Reviews




¢

Antibody-derived antigen
binding domain

/Transmembrane domain

Costimulatory domain

Signaling domain

Function through well-understood
T cell signaling pathways

Recognize tumor cells independently
of the MHC

MHC-restricted antigen recognition

Can target non-protein surface molecules,
like carbohydrates and glycolipids

X

Cannot target non-protein
tumor antigens

Only recognize antigens expressed on the
cell surface (cannot recognize antigens
presented by cells’ MHC)

h_ Anguela XM, High KA. 2019,
18 Annu. Rev. Med. 70:273-88
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CRISPR/Cas9 — An evolving biological tool kit for cancer biology and oncology

Variations

CRISPR/Casg

CRISPR/Casg
Nickase

CRISPRi

CRISPRa

Features

WT Casg; sgRNA

Mutant Casg
H840A or D10A;
sgRNA

dCasg; repressor
peptide; sgRNA

dCasg; activator
peptide; sgRNA

Double-strand
break at the
target site

Single-strand
break

Block
transcription
elongation or
knockdown
transcripts

Increase
transcription

Advantages

Versatile;
effective; stable;
easy accessibility

Convenient;
efficient; flexible;
precise, scalable;
robust

Inducible;
reversible;
low off-target
effects;

low toxicity

Disadvantages

Off-target; PAM
limited; different
modified alleles

PAM limited;
2 sgRNA for KO

PAM limited; off-
target effects at
bidirectional
promoters

PAM limited;
complicated to
deliver the
multiple
components

Applications in
cancer research

Set up research
model; functional
gene study; drug
target
identification

Manipulate
epigenetic
modifications;
Simultaneous
activation and
repression

Genome and
transcriptome
research;
LncRNA
knockdown and
overexpression



https://www.nature.com/articles/s41698-019-0080-7

CRISPR/Cas9 — An evolving biological tool kit for cancer biology and oncology

Application

Generate cancer
model

Synergistic gene
study

Target validation

Gene diagnose

Targets

HSPCs; healthy
human organoids

Drug or anticancer
reagent resistant
cells

sgRNA design

Targeting the
model type-
related
suppressors
oncogenes

Targeting optional
drug target from
database

Lentiviral library
from Addgene; or
optional targets

Target sensitive
genes

Vehicle for delivery Features

Pooled lentivirus

Lenti-double
sgRNA library

Lentivirus

Disrupt
suppressors or edit
oncogenes

Together with
deep sequencing

Identify the target
from resistant cells
by sequencing

Together with
Cas13a or Casi2a
to induce collateral
effects

Advantages

Rapid, efficient,
and inexpensive

Effective, low cost,
innovative
approach

Effective

Sensitive, rapid,
low cost

Disadvantages

Special delivery
techniques; tissue
limited

Double sgRNA
construction; need
highly efficient
sgRNA; special
analysis

False-positives

Certain template
concentration
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Applications Target site

Advanced esophageal
cancer

Castration resistant
prostate cancer

Muscle-invasive bladder
cancer

Metastatic non-small cell
lung cancer

EBV associated
malignancies

Metastatic renal cell
carcinoma

Relapsed or refractory

leukemia and lymphoma (D19 and CD20 or Cb22

Human papillomavirus-
related malignant
neoplasm

HPV16-E6/E7
HPVa8 E6/E7

CDag + leukemia and
lymphoma

Tumor of the central
nervous system

Multiple myeloma
Melanoma
Synovial sarcoma
Myxoid/round cell
liposarcoma

Anticancer applications in clinical trials

Study phase

Phase Il

Phase |

Phase |

Phase |
Phase Il

Phase |

Phase |
Phase Il

Phase |
Phase Il

Editing strategy

PD-1 knockout

PD-1 knockout

PD-1 knockout

PD-1 knockout

PD-1 knockout

PD-1 knockout

Edit CD1g and CD20 or
CD22

HPV16-E6/E7 or HPV18
E6/E7
knockout

TCR and B2M
knockout

Fix NF1 mutation allele

TCR and PD-1 knockout

Clinical trials identification

NCTo3081715

NCT02867345

NCT02863913

NCTo02793856

NCT03044743

NCT02867332

NCTo03398967

NCTo3057912

NCT03166878

NCTo3332030

NCT03399448




GENETIKA
ZUBNICH TKANI




Odontogeneze

«Komplexni série procesU zahrnujicich bunécné
interakce, diferenciace, rozvoj unikatni
extracelularni matrix a mineralizace

»Je maximalné requlovana na molekularni Urovni
« Terminalni diferenciace specifickych bunék
« epitelialné-mezenchymalniinterakce
» Sekrece specificke extracelularni matrix
« Kontrolované vyzravani matrix
 Regulace depozice iontd
« Mineralizace zubnich tkani




Vyvoj zubu = Odontogeneze

e Oralni ektoderm

e Mezoderm

« Buniky neuralni listy
mezenchym
(ektomezenchym Ci

mezektoderm)

 Sklovina vznika z ektodermu




Components of the tooth germ Cells of the tooth germ Products

Cervical loop |

| |
Hertwig's Root form

Outer dental | h
Enamel organ epithelium root sheath

Stellate ‘
reticulum [Reduced dental| __ Primary epithelia

Stratum epithelium attachment
intermedium

Inner dental
epithelium

Crown pattnrn|

Odontoblasts Dentin

—Dental papilla Undifferentiated
mesenchymal Pulp
cells

Ectomesenchyme Fibroblasts
from neural crest

Cementoblasts Cementum |

Dental follicle

——Fibroblas Periodontal ligament

steoblasts——— Alveolar bone|

Copyright © 2003, Mosby, Inc., All rights reserved.




Odontoblasty vs. ameloblasty

« Odontoblasty
« vznik z mezenchymovych bunék u vnitrniho sklovinného organu

« produkuji (pre)dentin
« Tomesova vlakna
« cytoplazmatické vybézky zanechané v dentinu

« Ameloblasty
» z vnitfniho sklovinného organu

e bazdlni povrch se stdvd sekrecnim
« produkce skloviny




Dmp1
Dspp
Colla1
Colla2

dentin

sklovina -

Amelx
Ambn
Enam
MMP20

Presekretoricka/ Sekretoricka
Casné sekretoricka

Postsekretoricka/
maturacni stadium




Dentinogeneze

« zacina diferenciaci odontoblastu v hrbolcich budoucich zubU

« Odontoblasty vznikaji v prUbéhu vyvoje z okrajovych ¢asti dentalni
papily;
* Z jeji vnitfni Casti zubni pulpa.

« mirné predchazi amelogenezi.




Komponenty ECM dentinu

- Kolagen typu |

« Kolagen typu lll a IV — predentin, neni pritomen u normalniho
dentinu

« Dentalni sialofosfoprotein
« Dentin phosphophoryn
« Dentin sialoprotein

e Dentin Matrix Protein 1

. Proteog |yka ny Dentin sialophosphoprotein (DSPP)

_ 1 BMP-1
« Gla proteiny —

« napr. osteokalcin

Dentin phosphoprotein (DPP)
1 MMP-20 or MMP-2

DGR

Dentin sialoprotein (DSP) Dentin glycoprotein (DGP)




SIBLING-family genes
4

j SPARCL1
ENAM DSPP BSP

SPARCL1: SPARC-like protein 1, DSPP: dentin sialophosphoprotein, DMP1: dentin matrix protein 1, BSP; bone sialoprotein,
MEPE: matrix extracellular phosphoglycoprotein, OPN: osteopontin. AMBN: ameloblastin, ENAM: enamelin




Ameloblasty

migrace ameloblastl k budouci pulpé

sekretuji proteiny podle prisné regulovane
programované genove exprese a hacasovani

vytvari extracelularni organickou matrix skloviny -
kostru, ktera sama reqguluje iniciaci, rUst a tvar
anorganickych krystal0 hydroxyapatitu, ktere
zralou sklovinu vytvareji

tloustka skloviny zavisi na delce sekretoricke faze
ameloblastl

n
2
melx
sklovina mbn

Dspp

FAZE Presekretoricka/ Sekretoricka © Postsekretoricka/
Casné sekretoricka maturaéni stadium




Faktory ovlivnujici amelogenezi

« VyZiva

« Kalcium, fosfaty, proteiny, ...
e Hypoxie
e Hypertermie

e Infekce

« Fyzikalni faktory
e Prostor
e Trauma

e interakce




Enamel Composition Enamel Composition

by Weighl by Volume

Proiewn

WNates

4% B Wate
- - s -~

Zrani skloviny

® sekretoricka faze - ,zrani" skloviny"

Mineral
B85%

Mineral

® zavrseno ukladanim iontU po stranach i
krystalit0 skloviny a vytlacenim zbytkd
proteinove matrix a tekutin ze struktury.

® rozstépena a odstranéna témeér vsechna

; ; ! A A Degradation:

matrix organlckych_prqtel_nu aje MIMPa6, KLKs
nahrazena anorganickymi krystaly.

® po ukonceni sekretoricke faze jiz
nedochazi k dalsi tvorbé krystalU ani
k prodluzovani krystalU jiz vytvorenych

o |
b I v
! '! ,
I M

Bulk of
enamel
matrix:

apoptoza ameloblast0

Lesser
components

Ameloblastin : - _
Enamelin y Dentin-enamel junctios




Proteiny a ECM

Cazt

Nucleus PO~ POg

Acidic matrix
proteins

Insoluble collagen

Nucleation of
hydroxyapatite by
acidic matrix proteins
immobilized on
insoluble collagen
matrix. Some acidic
matrix proteins, e.g.
dentin phosphoprotein,
have an affinity to
collagen. The surface
of the insoluble
collagen matrix
provides loci to reduce
interfacial energy for
nucleation. Calcium
lons are bound to the
acidic groups of the
acidic proteins, and
inorganic phosphates
are attracted by the
calcium ions. The ionic
complex thus formed
may constitute a




Molekularni determinanty

« Na vyvoji zubu se podili vice nez 10000 genl
« Vétsina gend podilejicich se na odontogenezi jsou exprimovany v jinych
tkanich
« Nékteré geny jsou specifické pro vyvoj zubni tkané (napr. gen pro
amelogenin)




Geny a drahy

vice nez 300 gend

mezi signalni drahy ridici vyvoj zubU patri drahy:
TGF beta (transforming rdstovy faktor),

e FGF (fibroblastového ristového faktoru),
e BMP (kostni morfogeneticky protein),
e SHH (Sonic hedgehog),

Whnt,

TNF,

EDA (Ectodisplasin)




Geny a drahy

Oral ectoderm

BMP
 Pitx2 —FGF

center

WNT

Lhx6,-7, Barx1, _BMP
Pax9, GIN-2,-3,

Odontogenic
mesenchyme

— -]

Msx1 & -2 -

Dix1 & -2 -
GlI2 & -3 +-

determination ___ determination

Early signaling

Msx2, — FGF
SHH Let SHH

Lhx6,-7, Band

Msx1, om,-z, IMP

Pax8, GM 23
Loﬂ Chfal

Condensed dental
mesenchyme

Enamel knot
BMP

1,
wexs, -EF o3 A
"jf' WNT 7‘:’

me‘? M
Msx1, Dix1,-2,
7 FOF Pax9, 9“,4#3-

~ Lef1, Cbfal
Dental papllla

Msxi ofe
Pax9 -i-

Lef -
Activin [}A -

determination

of tooth region of tooth identity

of tooth shape

Secondary
enamel knots

Enamel epithelium
apoptosis
Enamel
mineral
formation

/

BMP dentin
FGF —> mineral

- WNT formation

loop

mineralization

eruption —>



http://4.bp.blogspot.com/-qoI4pY0UKI4/TlZq_BOyMeI/AAAAAAAAAe0/G9HJQr7I2KQ/s1600/tooth+development.jpg

O
Regulace genu
modulatory signalnichdrah — napr. inhibitory BMP a inhibitory FGF.

geny, které se Ucastni rané faze vyvoje zubu, maji odlisnou funkci v dalsich
stadiich vyvoje.

multifunkcnost umoznuje indukce nebo regulace odlisnymi transkripcnimi
faktory nebo requlatory (AMBN, BGLAP, IBSP a COLLA2; BGLAP, COLLA2,
komplexVitamin D3/-VDR-RXR: CALB1, C5T6, FOXO1)




Geny a vyvoj skloviny a dentinu

amelogenin, enamelin, ameloblastin, a
MMP20 (matrix metaloproteindaza 20) —
pocatek sekretoticke faze

kalikrein 4 (KLK4), amelotin a odam (apin) —
iniciace maturace

KLK4 a MMP20o —degradace protein0 vrstvy
skloviny

FAMB83H - sekrece a reabsorpce proteiny
skloviny

homeoboxove geny DLX (Distal less), pricemz
geny DLX1 a DLX2 jsou specifické pro vyvoj
molary

o
melx
sklovina mbn

Dspp

FAZE Presekretoricka/ Sekretoricka © Postsekretoricka/
Casné sekretoricka maturaéni stadium




Dmp1

Dspp

Bimpd Colla1

Dspp

Colla1
Colla2
Amelx
Ambn
Enam

dentin

sklovina -

Amelx
Ambn
Enam
MMP20
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Vrozené poruchy tvrdych zubnich tkani




Abnormality - podklad

Environment:
Nutrition, Disease
Socio-economic
status

Genetic:
Inherited disorders,
Age, Sex

Teeth
formation
cells

Timing
Secretion and Maturation Durathn
Intensity




Patologie tehotenstvi
Syphilis — poruchy vyvoje skloviny, soudkovite
zuby

elonizujici zareni —anomalie vyvoje skloviny

eUzivani lekU — zmeény zabarveni, hypoplasie
skloviny

DM - hypoplasie skloviny




Choroby tvrdych zubnich tkani




Vrozené poruchy zubu

« zmény velikosti zuby

e zmény tvaru zubU

« Zzmény poctu zuby

« anomalie struktury zub0

« poruchy prorezavani




Zuby predmlecne -
dentes praelacteales

« zuby natalni (dentes natales) - prorezane jiz pri narozeni

« neonatalni zuby (dentes neonatales) -mezi 1. - 30. dnem po
narozeni.

« Od dentes praelactealesje nutno odlisit predcasné prorezané
docasné zuby- dentitio praecox.




/mény poctu zubu




® autozomalné dominantni (AD) o MSX-

nebo autozomalneé recesivni
(AR) - mutace v exonech genu
pro MSXz - fidi rozvoj vsech
epidermalnich organd

® dojde-li k mutaci PAX9,
nedochazi k aktivaci MSXz

® vyvoj zubu zastaven ve fazi
pupene -

Geny a zmeéna poctu zubu

1- represor

« PAX-9

Early signaling Secondary Enamel epithelium
center Enamel knot enamel knots apoptosis
1,  BMP 1, | BMP p21, BMP E amec

| Pitx2 —FGF Msx2, —FGF Msx2, - FSF. Msx2, - FGF.
SHH Left  SHH Left  SHH Left  SHH Prom il
WNT WNT }« WNT f WNT /v
]\ Lhx6,-7, Barx1,

Lhx6,-7, Banc1,
] s SGET e ST e |
Paxd. GIH zfs ACTIVIN ~ Pax8, eln,-z.-ﬁ FGF = Pax, GIl1,-2,-3, WNT | formation
‘ Lef1, Cbfal Lef1, Chfal
Odontogenic Condensed dental Dental papilla
mesenchyme mesenchyme
SEE P eI P D T > R
= -]
| T .
Msx1 & -2 4- Mm iy
Dix1 & -2 - Pax9 -i-
Gli2 & -3 - Left -

Activin A -

of tooth region _ of tooth identity of tooth shape differentiation e >
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Geny a zmeéna poctu zubu

Early signaling Secondary
Oral ectoderm Sensay Enamel kno;“’ enamel knots
. - BMP p21, BMP p21, p21, BMP
Pltx2 —FGF > Msx2, - FGF > Msx2, ~FOF - Msx2, -FGF.
SHH Lefi SHH Lory | SHH Lefi SHH
WNT WNT f WNT ' f WNT
m,“,, m’ m."7. m. j LM|-7| m' '“P 4 dent-"
BMP Msx1, Dix1,-2, BMP Msx1, DIx1,-2, |
Msx1,-2, Dix1,-2, - > = ~ FGF —> mineral
O ey " Left, Cbfal ' Left, Chfal |
Odontogenic Condensed dental Dental papilla
mesenchyme mesenchyme
R— - el -
1 Y
T l s | 4 ‘.’-'\
Msx1 & -2 4- Msxd -
Dix1 & -2 - Pax9 -i-
Gl2 & -3 - Lefl -
Activin [JA /-
determination __ determination determination terminal

of tooth region of tooth identity of tooth shape differentiation

Enamel epithelium
apoptosis

formation

mineralization

eruption —>
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Geny a zmeéna poctu zubu

RUNX2 —TF pro diferenciaci
osteoblastU - tvorba
nadpocetnych zub{ ve stalé
dentici

AXIN2 - tézke oligodoncie.
Dochazi k agenezi vétsiny
stalych molard, premolard,
dolnich rezakl a hornich
postrannich rezakl

Dlx (distal-less homeobox) -
selhani vyvoje zubU a ztratu
hornich molaru

 RUNX-2
e AXIN-2
e DLX

Early signaling Secondary Enamel epithelium
Oral ectoderm Cantar Enamel knot enamal knots apoptosis
BMP 1, BMP p21, ::: p21, BMP Enamel

Msx2, - FGF. mineral

| PIx2 —FGF Msx2, —FGF Msx2, -
SHH Left = SHH Left Left | SHH formation
WNT WNT }« WNT f WNT /v
]\ LM -7, Barx1,

6,7, Bard, Lhx6, 7ML

BMP Msx1, Dix1,-2,
Msx1,-2, DIx1,-2, - NEa
Pax9, GIf,-2,-3, ACTIVIN ~ Pax8, 601,--2,-3T FGF

Odontogenic Condenud dental
mesenchyme mesenchyme
— 'I\- /“
T T .

Msx1 & -2 4- Mm iy

Dix1 & -2 +- Pax9 -

Gli2 & -3 - Left -

Activin A -

lmp__>

BMP dentin

Dix1-2,
MGM-!.—S FGF —> mineral

Lef1, Cbfal

Den tal papilla

WNT formation

of tooth region _ of tooth identity

of tooth shape
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Geny a abnormality pozice zubu

® Abnormality pozice zubU se

casto vyskytuji spolu s agenezi
zubd.

Predpoklada se, ze mutace v
genech spojenych s agenezi
zuby, zejména MSX1 a PAX9 by
mohly byt pricinou i abnormalni
pozice zubd.

e MSX-1
« PAX-9

Oral ectoderm Early signaling
center

BMP 1, | BMP

| pitx2 —FGF. Msx2, —FGF
SHH Left SHH
WNT ]\ WNT

\v Nl }

Lhx6,-7, Ban,

Secondary Enamel puh lium
Enamel kn O;MP enamel knots apoptosi

-FGF.

p21 BMP Enamel
snn aral
on

LM?M f

Lhx8,-7, Barx1, L BMP dentin
ot 2,00 3 R8T 1 pan, 'e%’i'{fﬁ :.',"!-%m Gl 3,3, FOF —>| mieral
4 Left, Chfal Lef1, Chfa1
Odontogenic c ndensed dental Dental papilla
mesenchyme mesenchyme
—> e _>_ <_> = AR ™ ?
P— -]
b~
1 Ope
‘NN
Msx1 & -2 - Msxl oo il
Dix1 & -2 - Pax9 -i- A\
G2 & -3 - Left - ”
Activin A +-
of tooth region _ of tooth identity of tooth shap differentiatio >
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Zmeény velikosti zubu




/meény tvaru zubu

akcesorni hrbolky- molary,rezaky
akcesorni koreny
cipkovite zuby-konicky tvar korunky

zdvojeny zub- oddélené korunky a spolecny
koren s korenovym kanalkem (geminace, srUsty)

taurodontia — abnormalné siroke drenove dutiny

dens in dente - vznika vchlipenim ektodermu
zubni korunky do mezodermu pulpy, pred
kalcifikaci tvrdych zubnich tkani- vsunuty zub
mensi do pulpy zubu normalniho




Poruchy prorezavani zubu

« predcasna nebo zpozdéna erupce
« retence zubU-hlavné 3.stolicky

« zuby nespravné vyvinute nebo atypicky postavene




Vyvojove poruchy zubu

Dysplasie skloviny

«Hypoplasie — amelogenesis imperfecta
« Hypokalcifikace

Poruchy tvorby dentinu

- Dentinogenesis imperfecta

Poruchy zbarveni zubu

« Tetracykliny — zlutave, zlutohnédé zbarveni,
ireversibilni, poruchy mineralizace

« Fluoridy — nadmeérna davka, Spinave sedé skvrny, eroze




Poruchy struktury zubu

nomineralizace sklovin



Al a geny

Dédicnost Al

e X-vazana,

e autosomalné recesivni (AR) nebo
e autosomalné dominantni (AD).

Geny:

Autozomalné dominantni
AMLEX (amelogenin),

AMBN (ameloblastin enamel matrix
protein),

ENAM (enamelin) a
AMTN (amelotin),
FAM83H,

DLX3

Autozomalné recesivni
MMP20

KLK4

AMELX tvori go % organické hmoty
skloviny a je Stépen enzymem
MMP2o0 a degradovan enzymem
KLK.

ENAM tvofi 5 % organické hmoty
skloviny;

AMBN je nezbytna pro aktivitu
ameloblastd a

AMTN se podili na zrani skloviny.

Mutace v jednotlivych genech vede
k odliSnostem ve fenotypovém
projevu onemocnéni.




Amelogenin

« X—vazané formy Al

« Mutace v genu pro amelogenin
e CcCa.15 mutaci
« Mutace g4114delC—delece C

« Frameshift mutace - stop kodon
« Zkraceny protein

« Zkraceny 0 18 AMK




Dalsi proteiny

« ECM skloviny je komplexni mix « Enamelin
mnoha proteiny, z nichz nékteré
pochazeji zameloblastl (enamelin,
ameloblastin) « Amelotin

« Ameloblastin

« Amelin
« Tuft protein
e Keratin

o Albumin




Dmp1
Dspp
Colla1
Colla2

dentin

sklovina -

Amelx
Ambn
Enam
MMP20
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Casné sekretoricka
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Enamelin
AD forma Al

« Mutace v genu pro ENAM

o Substituce nukleotidu v exonu 4 , S A |
« Stop kodon

e 52 AMK misto 1142

Delece nukleotidu

Stop kodon
270 AMK misto 1142




MMP-20 - Enamelysin

« Autozomalné recesivni Al
* 483 AMK (54kD)
« Exprimovan ameloblasty a odontoblasty

« Degraduje amelogenin




Amelogenesis imperfecta

« Hypoplazie i hypomineralizace

« Autosomalné dominantni hypoplasticka hypomaturacni Al s
taurodontismem




Poruchy struktury zubu




Dentinogenesis imperfecta

autozomalné dominantnich klinicky heterogennich poruchy

Klasifikace:
« DGl typu | s asociaci s osteogenesis imperfecta (Ol),

« DGI typu Il bez asociace s O|;
« dysplasie dentinu | (DD 1),
« dysplasie dentinu 11 (DD II).




Dentinogenesis imperfecta

DGI I

DGI |

®

Molekularni defekty souvisejici s Ol
zahrnuji mutace v pro-alfa
retézcich kolagenu typu 1 a jsou
fenotypové charakterizované
zvysenou fragilitou kosti.

Kolagen typu 1, ktery je produktem
genl COL1A1a COL1Ax.

méné nez 10 % pripadu je
onemocnéni zpUsobeno recesivni
dédic¢nosti danou poruchou gend
CRTAP, LEPRE1 a PPIB

pohybuji se v rozmezi od Uplné
absence drené a korend az po
normalné vyvinutou zubovinu

®

®

Priblizné 10% organické hmoty dentinu je
tvoreno jinymi proteiny nez kolagenovymi,
zejména pak charakteristickymi proteiny:
e dentinovych fosfoproteinem (DPP),

e dentinovym sialoproteinem (DSP) a

e dentinovym glykoproteinem (DGP).

jsou kodovany chimérickym proteinem
DSPP (dentinovy sialofosfoprotein)

U DGl Il je postizen docasny i trvaly chrup,
prfiCemz postizeni primarni dentice je

sekundarni dentice




Dysplazie dentinu

DD-I ® DD-Il

® podobaji se symptomOm u DGI-II,
avsak trvala dentice je bud

nedotcena nebo vykazuje mirne
RTG - ostré koreny s konickou radiografické odchylky.

apikalni konstrikci.

Zuby maji klinicky normalni tvar,
formu a konzistenci.

® RTG - chybidocasnym zubOdm dren,

Dochazi k preeruptivni obliteraci u stalych zubd je prostor drené
pulpy, coz vede k pozUstatkim trychtyfovity s vyrOstky

pulpy ve tvaru pulmesice paralelné vznikajicimi jako patologicky

s cemento-sklovinnym spojenim ve zvapenatélé kousky drené.

stalé dentici a celkové obliteraci

pulpy v do¢asném chrupu ® Zubnikoreny v obou denticich jsou

normalni.




Ektodermalni dysplazie

Hypohydroticka ED

® zpUsobeno bodovou mutaci, deleci nebo

translokaciv genu pro EDA, ktery je
anomalie v nejméné dvou lokalizovany na chromozomu X
nasledujicich strukturach
pochazejicich z ektodermu: vlasy,
kdze, nehty a zuby.

souhrn 192 poruch

neni schopen spusténi normalnich signald
potrebnych pro interakce ektoderm-
mezoderm

Nejcastéjsi ED jsou X-vazané

recesivni hypohydroticka ED

Hydroticka ED (Cloustondv syndrom)

® autosomalné dominantni porucha
zpUsobena mutaciv genu GJBS6,

® koduje protein connexin 30 jako
komponentu inracelularnich gap junction




Molekularni defekty u ED

e Prvni zminka o genetickem defektu u ED - 1996

« Molekularni defekty byly identifikovany u 10 z 20 ektodermalnich dsyplazii
« Hypohidrotic X linked ED

« Reiger Syndrome

e Tricho Dento Osseous Syndrome

« Autosomal Dominant/Recessive ED
e Clouston ED

* Incontinentia Pigmenti




Molekularni defekty u ED
«X-vazana hypohidroticka ED

« transmembrane protein (ectodysplasin-A)
« Geneticky defekt — abnormalni signal ve vztahu interakce ektoderm-mesoderm

« Autosomalne dominantni a recesivni hypohidroticka ED

« receptor tumor nekrotizujiciho faktoru (Downless DL)
e Mutace genu pro GJB6

« RiegerUv Syndrom

« homeobox geny (RIEG, PITX2)

« Tricho-dento-osseous syndrome

« homeobox gene (DLX3)




Dalsi geny a dysplazie

WitkopUv syndrom (Tooth-and-nail

O]

syndrome; TNS)

ojedinéla autosomalné
dominantni ektodermalni
dysplazie

manifestuje se defekty nehtovych
|0zek a hypodoncii s normalni
funkci potnich zlaz a normalni
strukturou vlas0.

mutace typu non sense v genu
MSX1.

Mutace v genu pro p63 se podileji na
patogenezi nékolika syndromg,
které zahrnuji ektrodaktylii,
syndaktylii, ektodermalni
dysplazie a rozstépy.

Exprese genu p63 je dUlezita pro
vyvoj vsech ektodermalnich
organu véetné zubl




Syndromy asociovaneé
s orofacialnimi defekty

« Syndrom Van der Woudeové je autozomalné dominantni poruchou, ktera
je charakterizovana rozstépem rtu nebo patra a zfetelnymi defekty dolniho
rtu - gen pro IRF6 (interferon regulatory factor).

« CrouzonUv syndrom je autozomalné dominantni poruchou, ktera je
charakterizovana predcasnym uzaviranim kranialnich sv0, maxilarni
hypoplazii a maxilarni pseudo-rozstépem - s mutacemi v genu pro FGFR2 a
FGFR3

« ApertUv syndrom je autozomalné dominantni geneticka porucha, ktera
zpUsobuje abnormalni vyvoj lebky - s mutacemi v genu pro FGFR2




Syndromy asociovane
s orofacialnimi defekty I

®

Treacher CollinsOv syndrom je charakterizovan poruchami struktur odvozenych z
prvniho a druhého branchialniho oblouku: hypoplasticka zygoma a mandibula,
mikrognacie, coloboma, defekty usi, laterani facialni rozstép, rozstép patra. -
mutacemi v genu pro TCOFz

DownUv syndrom - nedostatecné vyvinuté oblicejové kosti, charakteristicky opozdény

vyvoj a profezavani zub( (erupcio tarda), chybéni zubd a chybné postaveni —
chromozomalni aberace

Pierre-Robindv syndrom je autozomalné recesivni postizeni s heterogenni etiologii. Je
vSak znama i X-vazana forma poruchy. Jedna se o syndrom charakteristicky rozstépem
patra, hypoplastickou mandibulou a hypertrofii jazyka

Marfandv syndrom je vzacna autozomalné dominantni geneticka porucha pojivove
tkané. Charakteristické maxillarni/mandibularni retrognacie, mikrognacie, uzke
klenuté patro se stésnanymi zuby, a symptomy podobné symptomum u
dentinogenesis imperfekta - mutacemiv genu pro fibrillin-1 (FBNz). FBNz




Zubni kaz (caries dentium)

» dekalcifikace tvrdych zubnich tkani

« bakterie- Lactobacillus acidophilus a nehemolytické streptokoky, ktere
rozkladaji cukry zbytks potravy za tvorby organickych kyselin
zpUsobujicich dekalcifikaci-proteolyticke enzymy odbouravaji
organickou slozku

» zubni plak-tenky povlak z bakterii, hlenu a deskvamovanych epitelii
« dalsi vlivy-typ potravy, slozeni slin, pH prostredi

- sklovina dekalcifikuje-belava kfidova skvrna, mékne, vznika dutina,
vyplnuje se zbytky potravy a bakteriemi- dalgi giteni kazu proces
zasahne dentin, siri se dentinovymi kanalky do hlobky a do sirky az do
d¥ené a vznikne pulpitis

« Mutace v genech, které zpUsobuji poruchu strukturalni tvorby skloviny
(AMLEX, ENAM, KAL 4 a MMP20) vedou k tvorbé skloviny mnohem
nachylnéjsi k zubnimu kazu.




Zubni kaz

® onemocnéni multifaktorialni-faktory endogenni a
exogenni

predisponujici faktory:

gédiénost- vztah ke kazivosti nebo odolnosti proti
azu

dieta bohata na sacharidy

obsah fluoru v pitné vodeé- zuby odolné proti kazu
maji vyssi obsah fluoru v tvrdych tkanich

osobni hygiena-intenzivnéjsi tvorba zubniho
plaku prinedostatecne hygieneé

tvar zubu-zuby s fisurami jsou kazivejsi




Zanetlive postizeni parodontu

Healthy State

Disease State

I

— — -

Increased




PERIODONTAL DISEASE

Periodontitis

» Advanced gum inflammation
* Bone loss

* Destruction of ligaments

Gingivitis
» Inflamed Gums

10



Monogenni onemocneni

« Jasna demonstrace geneticke mutace v jednom lokusu podminuje
nachylnost k rozvoji periodontitidy.




TABLE 2

Examples of Syndromic Forms of Periodontitis in Which Inheritance
is Mendelian and Due to a Genetic Alteration at a Single Gene Locus

Condition Biochemical /Tissue Defect Inheritance OMIM

Papillon-Lefévre syndrome Cathepsin C AR 245000
Haim-Munk syndrome Cathepsin C AR 245100
Ehlers-Danlos syndrome type 4 Collagen AD 130050
Ehlers-Danlos syndrome 8 Collagen AD 130080
Cyclic neutropenia neutrophil elastase AD 162800
Chronic familial neutropenia Defect unknown AD 162700
Chediak-Higashi syndrome lysosomal trafficking AR 214500

regularor gene
Congenital disorder of GDP-fucose transporter-1 AR 266265

glycosylation type lic
Leukocyte adhesion Leukocyte chain adhesion AR 116920

deficiency type 1 molecule CD18




Papillon LeFevre Syndrom (PLS)

«Klinicky charakterizovano jako:
« Palmoplantarni hyperkeratosa
« Tézky Casny nastup parodontitidy,
ktera vede k predcasné ztraté
primarniho a sekundarniho chrupu
(odliSuje PLS od jinych
plamoplantarnich keratodermii)

«Prevalence 1/4 miliony

«Bez vztahu k pohlavi




TSC gen kodujici Katepsin C proteazu

CTSC gen lezi na chromosomu 11q14-Q21; 7 exonU kdduje
lysozomalni proteazu katepsin C

Je exprimovana ve vysokych hladinach v rznych imunitnich
bunkach, vcetne polymorfonuklearnich leukocytd, makrofagua v
epiteliadlnich oblastech bézné postizenych PLS, vCetné dlane,
plosky, kolena, a Ustni keratinizované gingivy (RT-PCR) (Hart et al.,

1999).

Kathepsin C je proteaza, ktera zpracovava a aktivuje radu
granularnich serinovych proteaz dilezitych pro imunitni a zanétlive
reakce myeloidnich a lymfoidnich leukocytl




utace v genu pro katepsinu C
CTSCQ)

« Exon 1 ,,nonsense" mutace (856C->T): predcasny stop kodon v pozici 286.
aminokyseliny

e Tri mutace v exonu 2:

« delece jednoho nukleotidu (2692delA) v kodonu 349: frameshift a predcasny stop
kodon,

« 2 bp delece (2673-2674delCT): stop kodon v pozici aminokyseliny 343,
« substituce G/A v kodonu 429 (2931G/A): predcasnym stop kodon.

« Zkraceny nebo konformacné alterovany proteinu nemusi byt transportovan do
organely a nemusi byt schopen aktivovat protein kinazy

« Jinymi slovy, aktivita Katepsinu C u téchto pacientd témér chybi




Multifaktorialni onemocneni

Endogenous Periodontopathogenic Bacteria Exogenous
Predisposhions J | RiskFacons Porioathis J
2 smoking
resistant indlvidual |
| \J poor oral
| . hygiene
y 0 \\ﬂ'\\‘.‘?‘ }o ¥e .
" ~ systemic ". b g
27 disoases ’ | '
‘ susceptible individual
- | stress
()




Soucasna koncepce patogeneze
parodontitidy

Metabolizmu
Imunitni S

Mikrobialni odpovéed pojivovych

Infekce hostitele tkani a
alveolarni
kosti




Unik bakterii pfed obrannymi
mechanizmy hostitele

Mohou tvofit imunorepelentni latky odpuzujici fagocytozu
Pritomnost bakterialni steny

- ztéZuje fagocytdzu

(S. aureus tvofi plazmakoagulazu — umozni obaleni fibrinem, coz

pusobi antifagocytarné)

- chrani pred ucCinky komplementu
Prezivani v makrofazich

(odolna sténa, zabrana splynuti fagolysosomu, zabrana respiracniho
vzplanuti, pfechod z fagosomu do cytoplazmy)

Antigenni variabilita — snizuje ucinnost specifické imunity
Poskozovani imunitniho systému hostitele
(napf. leukocidin S. aureus)




Reakce organizmu na bakterialni infekci

 Branou vstupu — obvykle slizni¢ni povrchy (poruseni integrity)
« Osud hostitele zavisi na:
- obranyschopnosti (z velké casti determinovana geneticky)
- patogenit¢ bakterie (invazivni schopnost, tvorba toxinu, schopnost
odolavat obrannym mechanizmiim hostitele)
neinvazivni — mnoZzi se v misté vstupu do organizmu
\ohroiuji v ptipadé produkce toxinl
(obranou jsou pouze neutraliza¢ni Pt)
invazivni — pronikaji do organizmu (extracelularni x intracelularni)
(obranou jsou Pt, komplement, fagocytdza vs. makrofagy)

- velikosti infekéni davky




Plasma
cell

PeripheraI\
dentritic /
cell S
o~
IL-8
ICAM-1

4/

Periodontal
bacteria

Activated \
LPS

MMP-1
Macrophage %

-1
TNF-cx

B cell

Fibroblast

B Osteoclast ‘
Z==2/) activation Serum g Regional

antibody lymph nodes

Tooth



fatty acids

laque
PRI emip

antibody
- “ Q
Bacterial tissue B-Cell
invasion
vessel
serum pm‘t:n}s
— c-reactive
Commm & MMP/ protein
complement

TNFo fibrinogen




Onemocneni parodontu — lokalni problem?

Parodont - systémové efekty

\\\\
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——
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IL-1 Gene Polymorphisms

«1997 Kornman et al — asociace polymorphismu v
genu kodujicim IL-1a(-889) a IL-1B(+3953) se

eIL-1 polymorfni klaster (PST-periodontitis
susceptibility trait) byl asociovan se zavaznosti
PD pouze u nekuraku, rozlisil jedince s tézkou
parodontitidou od mirneho onemocnéni.




enetic control of IL-1: Genes and Locus of SNPs associated with controlling

-1 biological activity

0 DLP c ontrolled prod
0 Je

IL-1A Allele 2 -889 Allele 2 T1.-1A +4845 IL-1 alpha

1L-1B Allele 2 +3953 Allele 2 11.-1B +3954 I1-1 beta

IL-1RN Protein receptor antagonist

(impedes IL-1 alpha and beta)

Genetic Susceptibility Test for periodontitis: tests for the
presence of at least one copy of allele 2 at the IL-1A +4845 loci
and at least one copy of allele 2 at the |L-1B +3954 locus.

*|L-1A +4845 is being used because it is easier to identify than IL-1A -889 and it is essentially concordant

with it.

** |L-1B +3953 has been now renumbered as IL-1B +3954 because the current convention indicates that the
numbering of the transcription should begin at +1 instead of zero.



Interleukin 1

« Prozanétlivy multifunkéni cytokin.

« Umoznuje pronikani zanétlivych bunék do mist infekce

« Podporuje kostni resoroption

» Stimuluje uvolnovani eikosanoidU (PGE2) monocyty a fibroblasty

« Stimuluje uvolnovani MMP, ktera degraduje proteiny ECM.

e Formy IL-10ta IL-1B




IL-1 jako modulator periodontitidy

Fibroblast '

Collagenase

Bone —p

Resorption
P TisSue
’ Breakdown

“
Osteoclast

Osteoblast

Fig. 7. IL-1 produced by macrophages (M) as the major
mediator of tissue breakdown in periodontal disease




+IL-1 genotyp a IL-1 protein

« Konkrétni parodontitidy-asociovany IL-1 genotyp sestava z varianty
v IL-B genu, ktery je spojen s vysokymi hladinami IL-1 (Poiciot et al
1992)

« Pacienti pozitivni pro slouceny IL-1A (4845) a IL-1B (3954)
sparodontitidou-asociovany genotyp maji vyssi hladiny IL-1B na
GCF, ale ne v gingivalni tkani pred a po oSetreni (Kornmann et al
1999)

« Nositelé alely 2 (-889) u pacientU s chronickou parodontitidou
vykazovali témér ctyrnasobny nardst hladiny IL-1 (Shirodaria et al.,
2000)




Clinical Significance of IL-1
Genotype

Bleeding Upon Probing

Lang et al. (2000)

- after periodontal surgery, maintenance patients were monitored
for BOP and tested for the candidate genotype.

- no significant relationship between BOP and the candidate

polymorphism when the entire study population was evaluated
(N=333).

- non-smokers genotype positive demonstrated significantly more
bleeding (when compared to non-smokers genotype-negative).




« Genotype and tooth loss
McGuire and Nunn (1999)

« Genotype-positive individuals had a 2.7 greater chance than
genotype-negative patients of losing a tooth.

« Combined effect of being genotype-positive and heavy smoker
increased the odds of tooth loss to 7.7 compared with
genotype-negative non-smokers.

« PST can be helpful in treatment planning.




« Genotype and healing after surgery De Sanctis and
Zucchelli (2000)

« Evaluated the impact of patient’s genotype on maintenance of gained
clinical attachment after guided tissue regeneration (GTR)

« At base line: no difference between genotype-positive (N=14) and
genotype-negative (N=26) with reference to clinical parameters (BOP,
PD, and CAL)

« At one year: no difference (gain of CAL 5.2 mm vs 5.2 mm; residual PD
6.3 mmvs 6.4 mm)

- At four years: genotype positive patients demostrated a significantly
greater loss of clinical attachment (2.3 mm vs 1.0 mm) and increased
probing depth (2.2 mm vs 0.8 mm)




Periodontal Pathogens

Socransky et al (2000)

Found that the mean counts of specific species were higherin
general IL-1 positive genotypes compared to negative subjects.
Species detected at higher levels were those frequently
detected with periodontal inflammation.




revalence of genotype positive individuals in different
thnic groups

« Frequency of many genetic alleles varies between ethnic groups, therefore, it is necessary to
establish allele frequencies in populations before genetic test can be evaluated and used.

« Caucasions:
« 29% of northern european caucasions were genotype positive (Kornman et al., 1
I
» African Americans:

* 14.5% of non-diseased individuals and 8% of patients with localized form of
aggressive periodontitis were genotype-positive. (Walker et al., 2000)

e Chinese:

« 2.3% of sample of 132 mod-severe periodontitis cases were genotype-positive
(Armitage et al., 2000)

« Hispanics:
« 26% of hispanic individuals with peridontitis were genotype-positive (Lopez et al.,
2005)

Take home message: Dissimilarity in the prevalence of genotypes in different ethnic
groups precludes extrapolating data from one group to another.







TLR

« Poprvé popsany jako gen pro typ | transmembranového receptoru

— dUlezita Uloha pfi dorzoventralnim vyvoji embrya Drosophily

— absence tolls vedla i k vaznému postizeni obranyschopnosti proti
plisnim a G+ bakteriim

=Nalezeny savci homologa — podobna uloha 77?7




TLRs receptory a jejich ligandy u
onemocneni parodontu

PAMP

Lipoproteins

Atypical LPS

Outer membrane proteins
Fimbriae

Nonendotoxic glycoprotein
HSP-60 (GroEL)

LPS

CpG-containing DNA

Periodontal Pathogen

Bacteroides forsythus*

P. gingivalis, C. ochracea

Oral treponemes

P. gingivalis

P. intermedia

P. gingivalis

A. actinomycetemcomitans, F. nucleatum

A. actinomycetemcomitans, P. gingivalis, P. micros




LPS

Stromal cell
and osteoblast T cell
? OPG
. decoy
RANKL RANKL Y

& .
N :0) Active osteoclast
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RANK - e
™ RANK differentiation
IL-1 activation
Monocyte Precursor cell

BONE RESORPTION



acreriodontitisirakutni

« Hyperemie a serozni exsudace

« Hnisani, osteoklasticka prestavba kostni tkane
o £, faze

v'Periodontalni (desmodontalni)

v Endosealni

v'Perisotdlni

v'Submukosni

« Silna bolestivost ve vSech fazich, otoky v pozdéjsich fazich

« vztah polymorfism0 v genech pro IL1B, IL1RN, FcyRIIlb, VDR a TLR4 s
agresivnim typem parodontitidy.




Periodontitis - chronicka

® Sekundarné z akutni periodontitis
® Primarné chronicka (Castéjsi)
Formy
Cirkumskriptni (granulomatozni)
Granulomatozné progresivni — pistéle (sliznicni, kozni)
Difuzni — odbouravana i alveolarni kost
Granulacni tkan
Makrofagy
Moznost tvorby radikularni cysty

S chronickym typem arodontitidy}sou spojovany polymorfism
v genech prolLaB, IL1RN, IL6, IL10, VDR, CD14,TLR4 a MMP1.

Meta-analyza publikovanych dat asociovala varianty polymorfismo
IL1A-889, IL1B 3954, IL1B-511, TNFA-308 a IL6-174 k agresivni i
chronicke parodontitide.




Nadory celistnich kosti —
neodontogenni - benigni

Osteom

Exostoza

v'Torus palatinus

v Torus mandibularis

Gardnerdv syndrom (autozomalné dominantni) —
mnohotne osteomy Celisti, polyposis coli s vysokym
malignim potencialem, epidermalni cysty, fibromy
Osteochondrom — chrupavcity povrch
Cemento-osifikujici fibrom

vMandibula, premolarng, molarné

vFibroblasty, kolagen a kalcifikace — rdzného stupné
v'Pomalu rostouci, dobre ohraniceny




Nadory celistnich kosti —
neodontogenni - benigni

Obrovskobunécny (reparativni) granulom
« Spise hyperplasie, nejasna etiologie
 Mladsi jedinci, expanzivnl' rost, mUze byt destruktivni

o PI’O|IferUJICI % re vaskularizovane stroma s Cetnymi
obrovskymi bunkami (osteoklasty)

« Prokrvaceni a hemosiderin

- Diferencialni diagnostika obrovskobunécnych lezi
v'Hyperparathyroidismus — zvysena hladina kalcia
v'Cherubinismus — oboustranna léze

v'Osteoklastom — agresivni rist

v’ Aneuryzmaticka kostni cysta — cévni prostory
v'Fibrozni dysplasie - neohranicena




Nadory celistnich kosti —
neodontogenni - benigni

Hemangiom kosti — vzacny

Melanoticky neuroektodermovy tumor - progonom
oV détstvi

«Vzacny

* Pigmentace




Nadory celistnich kosti —
neodontogenni - maligni

Osteosarkom

« Vzacny

« Mandibula

« LepSi prognoza nez u osteosarkomd dlouhych kosti
Chondrosarkom
EwingUv sarkom — PNET
Mnohotny myelom

« Biopsie kostni drené
«ELFO

« Riziko AL amyloidozy

« Makroglosie




Nadory celistnich kosti —
neodontogenni - maligni

Histiocytosis X (Langerhansovy bunky)

e Solitarni eosinofilni granulom

« Mnohotny eosinofilni granulom (a Hand Schiller Christian)
o Letterer-Siwe

v'Birbekova granula v elektronové mikroskopii

v Zub ,floating in the air" — destrukce kosti v okoli zubu
Metastatickeé nadory

v'Mlécna zlaza

v'Plice

v Prostata

v'Thyroidea




Patologie celistniho kloubu

Ankyloza

«Fibroza

e fTrauma

e TumMor

Dyslokace kloubu

«Ehlers DanlosUv syndrom, Marfanuv syndrom
Dysfunkce

» ,pain dysfunction syndrome"




