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Anotace

Lidska i mys$i dentice je redukovana co do poctu zubii oproti pivodnimu zubnimu
vzorci savell. V oblastech zubii ztracenych béhem evoluce se v pfipadé chybného
vyvoje mohou objevit po narozeni zuby nadpocetné. AvSak vznik nadpocetného zubu,
stejné tak jako vznik jinych zubnich anomalii, nelze studovat pfimo na lidském
embryu. Proto jsme vyvoj nadpocetného zubu studovali na mySim modelu této
anomalie. Cile diserta¢ni prace smérovaly k ovéreni hypotézy: Pri vyvoji
nadpocetnych zubl u mutantnich mysi se uplatiiuje revitalizace rudimentarnich
primordii zubu potlacenych béhem evoluce.

Byly porovnany morfologické a kvantitativni ukazatele rstu a vyvoje zubniho
epitelu rudimentarnich (premolarovych) zubnich primordii zvanych MS a R2 v dolni
&elisti mysi kontrolnich, a Spry2”, Spry4” , Spry2”:Spry4” a Tabby mutantnich
mys$i, u nichZ se vyviji nadpocetny zub pfed prvnim molarem. Podobnym zpisobem
byl analyzovan vznik horniho fezaku u my$i kontrolnich a porovnan se vznikem
zdvojeného horniho fezaku u Spry2+/ " Spry4” mutant.

Na rozdil od kontrolnich my$i jsme u Spry mutant prokézali v rudimentarnich
zubnich primordiich sniZzeni bunécné apoptdzy a zvySeni bunééné proliferace spolené
se zvetSovanim objemu dentalniho epitelu. Tyto zmény ukazovaly na revitalizaci
rudimentarnich zubnich zarodk s cilem vytvofit nadpocetny zub pied prvnim
molarem. V pozdéjsich stadiich vSak efekt revitalizace a vyvoj nadpocetného zubu
pokracoval jen u ¢asti mysi, zatimco v ostatnich piipadech byl vyvoj nadpocetného
zubu zastaven. Presto i pfechodnd revitalizace rudimentl zapticinila odchylky ve
velikosti a tvaru sousedniho prvniho molaru. ZvySeni proliferace a snizeni apoptozy
v zubnim epitelu provazelo i vznik zdvojené¢ho horniho fezaku u Spry mutant. Vznik
nadpocetného zubu u Tabby mysi byl podobny vyvoji nadpocetného zubu u Spry4'/ i
mutant.

Disertac¢ni prace potvrdila hypotézu, Ze pfi vyvoji nadpocetnych zubi na

myS$im modelu se uplatiiuje revitalizace rudimentarnich zubnich primordii.



Abstract

Tooth number is reduced in humans and mice when compared to the presumed
basic tooth formula in mammals. In the regions, where teeth had been suppressed
during evolution, a supernumerary tooth can appear as a result of abnormal
development. However development of a supernumerary tooth, as well as origin of
other anomalies, cannot be directly investigated in human embryos. That is the
development of a supernumerary tooth was studied in a mouse model of this anomaly.
The aims of the thesis were focused to verifying the hypothesis: Development of
the supernumerary teeth in mutant mice is based on the revitalization of the
rudimentary primordia of the teeth suppressed during evolution.

We compared the morphological and quantitative aspects of the developing
epithelium of the largest rudimentary (premolar) tooth primordia, called MS and R2,
in the mandibles of WT, Spry2”, Spry4”, Spry2”:Spry4” and Tabby mutant mice.
Similarly, the upper incisor in WT mice was analysed and compared to the
development of the duplicated incisor in Spry2+/';Spry4'/' mutant mice.

In comparison to controls, decreased cell apoptosis and increased cell proliferation
together with an enlarged volume of the dental epithelium were found during
rudimentary tooth development in Spry mutant mice. These changes showed the
revitalization of the tooth primordia and their ability to form a supernumerary tooth.
The revitalization effect continued to later stages only in some of the animals, while
the development was arrested in others. However, even a temporary revitalization of
the rudimentary tooth primordia had an impact on the size and cusp arrangement of
the adjacent first molar. The duplication of the incisor in Spry mutant mice was also
accompanied by a decrease of apoptosis and increase of proliferation in dental
epithelium. The supernumerary tooth in Tabby mutant mice developed similarly as
that one in Spry4” mice.

The thesis confirmed the hypothesis about the revitalization of rudimentary

tooth primordia during origin of supernumerary teeth in the mouse model.



1. Uvod

Vice nez 20% lidi trpi riznymi anomaliemi v poctu zubl véetné chybéni tietiho
molaru (Fleischmannova et al., 2008). Ptikladem takové anomalie je hyperodoncie —
nadpocetné zuby. Nadpocetny zub se vyskytuje nejcastéji jako nadpocetny zevni
tezak, nebo jako maly zub vklinény mezi vnitini fezaky v horni Celisti (mesiodens).

V dolni Celisti se pak nadpocetny zub vyskytuje nejcastéji v oblasti premolart. U lidi
byva hyperodoncie spojovana s mutaci v genu Runx2, ktery spolupracuje s Fgf'a Wnt
signalni drahou. Jeho mutace zplsobuje autosomalné dominantné dédi¢ny syndrom
kleidokranialni dyspléazie (Fleischmannova et al., 2008).

Anomalie v poctu zubti se vyskytuji nejen u ¢lovéka, ale i u jinych savct. Diky
sledovani vzniku nadpocetnych zubtli na zvifecim modelu je mozné hledat spojitosti v
zakladnim principu vzniku nadpocetného zubu a jeho genové regulaci v sav¢i a lidské
dentici. K takovému vyzkumu je vyhodny mysi model. My§ ma ve své dentici jeden
incisor oddéleny bezzubou oblasti (diastemou) od tii molard. V embryonalni mysi
dentici se objevuji také zéklady ztracenych premolart v podobé velkych diastemovych
pupent (nazyvanych MS, R1 a R2), (Peterkova et al., 1996, 2006). Nadpocetny zub
v tvarové dentici dolni Celisti vznikéa pfed prvnim moldrem napt. u Tabby mutantnich
mys$i (Gruneberg, 1965; Sofaer, 1969) nebo Sprouty mutantnich mysi (Klein et al,
2006). Vyvoj nadpocetnych zub je tedy typicky u mysi s poruchou v genech Sprouty,
Eda (Tabby mysi) apod., které ovliviiuji Fgf i Wnt signélni drahu (Klein et al., 2006).
Piedpoklada se, Zze nadpocetny zub pred prvnim moldrem (M1) vznika
z rudimentarniho zékladu premoldrové dentice (Peterkova, 1983; Peterkova et al,
2002, 2006).

Cile disertacni prace smérovaly k ovéreni hypotézy: Pri vyvoji nadpocetnych
zubu u mutantnich mysi se uplatiiuje revitalizace rudimentarnich primordii zubu

potlacenych béhem evoluce.



Cile a hypotézy

Porovnat Casny vyvoj rudimentarnich (premolarovych) zubnich primordii a
prvniho molaru u Spry2” a Spry4'/' mutantnich my$i a u mysi kontrolnich
(WT). Potvrdit hypotézu, Zze pfi vzniku nadpocetného tvafového zubu u
SpryZ'/' i Sprjy4'/' mys$i dochazi krevitalizaci rudimentarnich zubnich

primordii na zdkladé zvySeni proliferace a/nebo snizeni apoptozy.
Popsat morfogenezi nadpocetného zubu u mysi s chybénim obou genti Spry2
a4 (Spry2”;Spry4” mysi) a tyto vysledky porovnat se vznikem nadpo&etného

zubu u SpryZ'/ “nebo Spry4” mysi.

Potvrdit hypotézu, ze zvySeni proliferace a/nebo snizeni apoptdzy provazeji

vznik zdvojeného fezdku u mysi Spry2+/','Spry4‘/ .

Porovnat vyvoj tvafové dentice s nadpoGetnym zubem u Spry2” a Spry4”

mutantnich mysi a u Tabby mysi.

Material a metody

Pro diserta¢ni praci byly pouzity mysi CD1 (jako wild type) a mySi s mutaci v

genech Sprouty2 a/nebo Sprouty4 a Eda (tzv. Tabby myS$i). Embrya a féty byly

odebirany v pfesnych ¢asovych intervalech na embryonalnim dnu (ED) 12,3 — 18,5

(poledne po ranni detekci vaginalni zatky = ED 0,5). Zarodky byly vazeny ihned po

odbéru (Peterka et al, 2002). Kombinace chronologického (ED) a biologického

(t€lesnd hmotnost) stadiovani umoznila ziskat detailni vyvojovou fadu zubniho

vyvoje. Hlavic¢ky nebo celisti embryi byly fixovany ve fixa¢nich tekutinach Bouin,

Bouin-Hollande nebo 4% paraformaldehyd (PFA), byly zality do parafinu a na

mikrotomu byly zhotoveny sériové frontalni fezy o sile 5-7um. Sériové fezy byly

7



obarveny modifikovanou Maloryho metodou (alcidnova modi- hematoxylin-eozin).
Vybrané tezy byly sniméany digitalni kamerou pod zvétsenim 200-500x. Hodnocen byl
tvar a velikost zubniho epitelu v tvafové oblasti dolni elisti nebo v incisorové oblasti
horni Celisti a pocitana apoptoticka téliska, a mitotické butiky v zubnim epitelu.

V tvafoveé oblasti byly hodnoceny tfi regiony - v rudimentarnim primordiu MS a R2 a
v prvnim molaru (M1). V incisorové oblasti byl hodnocen kazdy paty fez po celé délce
dentélniho epitelu. Cast embryi byla pouzita k detekci exprese genu Shh v celych
Celistech (metoda whole mount in situ hybridizace - WISH). U jinych embryi byla
vytvofena 3D rekonstrukce zubniho epitelu. Pro statistické hodnoceni byla pouzita

analyza ANOVA a Fisheriiv exaktni test.

4.  Vysledky

Morfologické analyza ranych stadii dolnich tvatovych zubti u mysi Spry2” a
Spry4'/' potvrdila vyskyt nadpocetného zubniho primordia u obou mutantnich kment.
U Spry4'/ " se nadpocetny zub zacal tvofit u vSech embryi jiz na stddiu ED13,5, ale na
stadiu ED 14,5 bylo nadpocetné zubni primordium nalezeno jiz jen v 70% celistnich
kvadrantti. Pocet nadpocetnych zubnich primordii nadale klesal az k vysledné
frekvenci 2% v dosp€lé mysi dentici. U SpryZ'/ “embryi byl nadpocetny zub bezpecné
detekovatelny az na stadiu ED15,5, kdy se vyvijel u vSech embryi. Pocet
nadpocetnych zubl u tohoto mutantniho kmenu postupné klesal az na 26% v dospélé
dentici.

Oproti kontrolnim embryim byla u obou mutantnich kmenti zji$téna signifikantné
snizend apoptdza v epitelu rudimentarnich zubnich pupentt MS a R2 na stadiich
EDI12,5 a 13,5. U Spry2” embryi byl navic nalezen signifikantn& zvySeny mitoticky
index v MS a R2 na ED12,5 av R2 na ED13,5.

V obdobi ED12,7-14,3 byla popsana exprese Shh u kontrolnich mysi, kde se
objevuje postupné v MS, R2 a M1 pupenu. Tato obdobi vyskytu Shh exprese byla
oddélena periodami, kdy exprese nebyla detekovéana (Prochazka et al., 2010). U Spry
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mutantnich mysi jsme nalezli Shh expresi i v obou negativnich periodach, coz
vypovida o prodlouzeni exprese Shh v MS i R2 pupenu u mutant s vyvojem
nadpocetného zubniho primordia pfed M1.

U mysi s vyfazenymi ob&ma geny Spry2 i Spry4 (Spry2” :Spry4”") se objevily
dokonce dva pupeny nadpocetnych zubi na stadiu ED16,5. Jejich poloha odpovida
poloze rudimentii MS a R2. Apoptoticky i mitoticky index se podobal jednoduchym
Spry mutantdm jen s rozdilem zvySené proliferace v regionu MS na ED13,5.

V incisorové oblasti se vyskytuje u dospélych mysi SpryZ” ','Spry4'/ " zdvojeny
horni incisor. Zmény vedouci ke zdvojeni fezaku se zacaly projevovat na stadiu
ED13,5. Na stejném stadiu u vyvojoveé pokrocilej§ich embryi byl také nalezen
signifikantné zvySeny mitoticky index a snizeny apoptoticky pomér v epitelu
fezdkového primordia u mutantnich mysi oproti mySim kontrolam. U mysi na
mladsich nebo starSich vyvojovych stadiich nebyly nalezeny signifikantni zmény
proliferace v fezakovém epitelu ve srovnani s kontrolou.

Pti porovnani morfogeneze ranych stadii Tabby mysi a Spry mutantnich mysi
jsme nalezli podobnosti vyvoje nadpocetného zubu. U Spry4” mysi (ED13,5) a Tabby
mysi (ED 14,5) se objevil poharek nadpocetného tvarového zubu. Pohdrek mél kulaty

tvar a na histologickych fezech vykazoval shodn€ u obou mutant lingualni sklon.

5. Diskuze

V prubehu zubniho vyvoje hraje diileZitou roli bunécéna proliferace a bunécna smrt
(apoptdza). V zadni ¢asti dolni diastemy je apoptdza specificky koncentrovand a
napomaha zastaveni riistu velkych rudimentarnich (premolarovych) pupentt MS a R2
(Viriot et al, 2000). Toto specifické zvy3eni apoptozy nebylo pitomno u Spry2” a
Spry4”” embryi na ED12,5 v MS a v R2 ana ED13,5 v R2.

Mitotické burtiky jsou distribuovany po celém zubnim epitelu mandibuldrni
tvarové oblasti na ED12,5 (Viriot et al., 1997). Na stadiu ED13,5 se buné¢né déleni

zastavuje ve dvou oddélenych (BrdU negativnich) oblastech. Prvni lezi v ptedni Casti
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zubniho epitelu a druha je lokalizovédna vice vzadu - na vrcholu zubniho pupenu
(Shigemura et al., 1999). Na zaklad¢ naSich nélezli 1ze tato data interpretovat tak, ze
predni a zadni BrdU negativni oblast popsana Shigemurou (1999) koresponduje s MS
a R2 rudimentem. Pfi kvantitativni analyze jsme u kontrolnich WT mysi skute¢né
nasli snizeny mitoticky index v MS a R2 rudimentu v porovnani s mitotickym
indexem nalezenym ve vyvijejici se M1 oblasti. Naopak u SpryZ'/' mys$i se mitoticky
index v rudimentech i v oblasti M1 nelisil signifikantn¢ od oblasti M1 u kontrolnich
embryi na stadiich ED12,5 1 13,5. Chybéni sniZeni proliferace a/nebo chybéni zvySeni
apoptozy v rudimentarnich pupenech naznacuje jejich revitalizaci, ktera je
pfedpokladem pro vznik nadpocetného zubu u Spry mutantnich mysi. Na zékladé
korelace téchto vysledku s literarnimi daty jsme navrhli hypoteticky model o tloze
Spry2 pfi navozeni ristové zastavy rudimentdrniho zubniho pupenu u WT mysi a pfi
jeho revitalizaci u Spry mutant.

Signifikantni snizeni apoptdzy a zvySeni proliferace jsme nalezli také pii vyvoji
nadpocetného fezaku u mysi Spry2 ™ :Spry4™".

U mysi se spontanni mutaci v genu Eda (Tabby mysi) byl jiz dfive popsan
nadpocetny tvarovy zub pted M1 (Sofaer, 1969). Na ranych stadiich jsme nalezli
podobnost mezi morfologickym vyvojem tvairové dentice v dolni Celisti u embryi
Tabby a Spry4”" mutantnich mysi. PfedSasng vytvoreny poharek zfetelng oddéleny od
zubniho zdkladu M 1u obou téchto mySich kmenii ndm naznacuje moznost, ze vyvoje
nadpocetného pohérku se ucastni ptedev§im MS rudiment, ktery mirné potlacuje rtst
R2 a tim vznik4 mezera mezi nadpocetnym poharkem a M1.

Velké rudimentarni pupeny pied M1 u mysi jsou interpretovany jako rudimentarni
zaklady premolarti, které béhem evoluce mySovitych hlodaveti vymizely (Peterkova et
al., 1996, 2006), a které mohly byt vyuzity pfi tvorbé jejich komplexnéjsiho M1
(Adloff, 1898). Tomu nasvédcuje inkorporace a zapojeni rudimentarniho zakladu
premolara pfi vyvoji M1 i jeho pfedpokladané znovu-osamostatnéni pti tvorbé
nadpocetného zubu u mysi (Peterkova, 1983; Peterkova et al., 2006). Proto jsme

v této praci hodnotili také M1 z hlediska poctu hrbolki a jejich uspotadani v dospé€lé
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dentici. Spry mutované dospé€lé mysi mély bud’'to zvysSeny nebo snizeny pocet
hrbolkti v pfedni ¢asti M1, coz napovidd o dvou moznostech: bud’ zaclenéni
revitalizovaného pupenu do predni ¢asti M1, nebo naopak jeho osamostatnéni a

autonomnimu vyvoji za vzniku primordia nadpoc¢etného zubu.

6. Zavéry

1. Byl porovnan <¢asny vyvoj rudimentarnich (premoldrovych) zubnich

primordii a prvniho molaru u SpryZ'/ Ta Spry4'/' my$i a u mysi kontrolnich

(WT). Pfi vzniku nadpoletného tvéafového zubu u Spry2” i Spry4” mysi

doslo k revitalizaci rudimentarnich zubnich primordii, ktera pfispivaji k jeho

vzniku. Revitalizace byla spojena se zvySenim proliferace a/nebo snizenim

apoptozy a s prodlouzenim exprese Shh genu v zubnim epitelu.

2. Byla popsana morfogeneze nadpocetného zubu u DKO mysi s chybénim

obou gent Spry2 a 4 (Spry2” ';Spry4'/ ") a porovnana se vznikem nadpocetného

zubu u SpryZ'/' nebo Spry4” mysi. DKO Spry mutantni mysi nejsou

zivotaschopné, nicméné prenatalné se pred jejich prvnim dolnim molarem

objevuji dva malé nadpocetné zubni poharky. Vysledky naznacuji, Ze v tomto

piipadé dochazi k osamostatnéni a autonomnimu vyvoji

rudimentarnich pupentt MS a R2 za vzniku dvou nadpocetnych zubnich

primordii.

3. ZvySeni proliferace a/nebo snizeni apoptdzy provazely také vznik zdvojeného

fezdku u mysi Spry2"";Spry4”. Celkovy objem dentalniho epitelu se viak

neli$il oproti WT mys$im. U mutantnich mysi se vSak od stddia ED13,5 zacala

tvoftit epitelova prepdzka uvnitt sklovinného organu. Ke zdvojeni fezdku tedy
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doslo roz¢lenénim stavajiciho sklovinného organu, v némz misto jedné zubni

papily vznikly papily dvé.

4. Byl porovnan vyvoj tvafové dentice s nadpocetnym zubem u Spry2” a Spry4
~ mysi a u Tabby mutantnich mys$i. Vyvoj nadpocetného zubu u Tabby mysi
se podoba vyvoji nadpocetného zubu u Spry4'/' mysi, jehoz vznik je spojen

pfedevs§im s revitalizaci MS rudimentu.

Vysledky disertaéni prace potvrdily, Ze pri vyvoji nadpocetnych zubi u
mutantnich mysi se uplatiiuje revitalizace rudimentarnich primordii zubi

potlacenych béhem evoluce.

7. Introduction

More than 20% human suffer by disturbancies in tooth number, including the
absence of the third molar (Fleischmannova et al., 2008). An example of such a
disturbance is hyperodontia — a presence of a supernumerary tooth. Supernumerary
tooth most frequently appears in the human upper jaw - as a supernumerary lateral
incisor or as a small tooth inserted between medial incisors (mesiodens). In lower jaw,
the supernumerary tooth is most frequent in premolar area (Galluccio et al., 2012). In
human, the hyperodontia is often related to a mutation in the Runx2, which cooperates
with the Fgf and Wnt signalling pathway. Its mutation causes autosomaly dominant
syndrom of kleidocranial dysplasia in human patients (Fleischmannova et al., 2008).

Anomalies in tooth number occur not only in human, but also in other mammals.
That is why studies on the origin of a supernumerary tooth using an animal model can
help in finding general principles of supernumerary tooth development and a
relationship between its morphogenesis and gene regulation in mammals or human
dentition. The mouse odontogenesis is a very convenient model for such studies.
Mouse has one incisor and three molars separated by toothless gap called diastema. In
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addition, large rudimentary tooth primordia (called MS, R1, R2) appear in mouse
embryos, presumably corresponding to premolars lost during murid evolution
(Peterkova et al., 1996, 2006). Supernumerary tooth in the cheek region of mandible
occurs anteriorly to the first molar (M1) for example in Tabby mouse (Gruneberg,
1965; Sofaer, 1969) or Spry mutant mice (Klein et al, 2006). Development of
supernumerary teeth is typical for the mice with mutation in Spry or Eda (Tabby
mice) genes, which cooperate with Fgf and Wnt signaling pathways (Klein et al.,
2006). It is supposed that the supernumerary tooth located anteriorly to the M1 takes
its origin from the rudimentary anlage of premolar dentition (Peterkova, 1983;
Peterkova et al, 2002, 2006).

The aims of the thesis were focused to verifying the hypothesis: Development
of the supernumerary teeth in mutant mice is based on the revitalization of the

rudimentary primordia of the teeth suppressed during evolution.

8.  Aims and hypothesis

1. To compare early development of the rudimentary (premolar) tooth primordia
and the first molar in Spry2” a Spry4”” mutant mice and wild type (WT)
mice. To confirm the hypothesis, that the development of a supernumerary
tooth in mutant mice is based on the revitalization of rudimentary tooth
primordia accompanied by increase in proliferation and/or decrease in

apoptosis.

2. To describe the morphogenesis of the supernumerary tooth in mice with
missing both Spry2 and Spry4 genes (Spry2” ';Spry4'/ “mice) and to compare
the results with the origin of the supernumerary tooth in Spry2” or Spry4”

mice.
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3. To confirm the hypothesis, that increase in proliferation and/or decrease in
apoptosis are implicated in the development of the double incisor in Spry2*”

;Spry4'/ " mice.

4. To compare development of the cheek dentition with a supernumerary tooth

in SpryZ'/ “or Spry4'/’ mutant mice and in Tabby mice.

9. Materials and Methods

The CD1 mice (as controls) and the mice with mutant Spry2 and/or Spry4 genes
or Eda gene (Tabby mice) were used for this thesis. Mouse embryos and foetuses
were removed in precise time intervals during embryonic day (ED) 12.3 — 18.5 (noon
after the morning detection of a vaginal plug = ED 0.5). Immediately after taking the
embryo or foetus out of the uterus, its wet body weight was determined (Peterka et al,
2002). Combination of chronological (ED) and biological (body weight) staging
helped us to get detailed series of stages of tooth development. Heads or jaws of
embryos or foetuses fixed in Bouin, Bouin-Hollande or 4% PFA fluid were routinely
embedded in paraffin and cut in series of 5-7 um thin frontal sections coloured with
alcian blue-hematoxylin—eosin or nuclear fast red. Selected sections were
photographed (magnification 200 — 500x) by a digital camera. The shape and size of
dental epithelium were evaluated in the cheek area of the lower jaw and incisor area of
the upper jaw. The apoptotic cells and bodies and mitotic cells were counted in tooth
epithelium. Three regions were evaluated in the cheek area of mandible representing
the rudimentary primordium MS, rudimentary primordium R2, and primordium M.
Every fifth section along the whole length of dental epithelium was evaluated in
incisor area. Representative samples were used for detection of Shh expression by
whole mount in situ hybridization (WISH). Part of the specimens was used for making
3D models of dental epithelium using computer assisted method. ANOVA and

Fisher’s exact test were used for statistical evaluation.
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10. Results

Morphological analysis of the early stages of the lower cheek teeth in SpryZ'/ “and
Spry4”" confirmed the presence of the supernumerary tooth primordium in both mutant
strains. Supernumerary tooth started to develop in all Spry4'/ “embryos at stage
ED13.5, but it was present only in 70% of jaw quadrants of Spry4'/' embryos at the
stage ED14.5. The number of the supernumerary tooth primordia decreased during
further development till only 2% of quadrants with the supernumerary tooth in adult
mice. The supernumerary tooth was undoubtedly detected in Spry2” embryos at ED
15.5, where it was present in all lower jaw quadrants. Its number also progressively
decreased to 26% of the lower jaw quadrants with the supernumerary tooth present in
adult Spry2” mice.

In contrast to the WT mice, there was significantly decreased apoptosis in dental
epithelium of the rudimentary buds MS and R2 in both mutant strains at the stages
ED12.5 and 13.5. Significantly increased mitotic index was found in MS and R2 at
ED12.5 and R2 at ED13.5 in Spry2” embryos.

Expression of Shh has been described in WT mice to progressively appear in MS,
R2 and M1 during the stages ED12.7 — 14.3. The periods of the expression are
separated by negative periods when no Shh expression appears in dental epithelium
(Prochazka et al., 2010). We detected Shh expression in both negative periods in Spry
mutant embryos, which gave evidence about prolongation of expression in MS and R2
buds in the embryos with developing supernumerary tooth primordia anteriorly to M1.

Two supernumerary tooth buds were found in Spry double knock out mice (Spry
DKO mice) where the activity of both Spry2 and Spry4 genes is missing (SpryZ’/ i
:Spry4”). The supernumerary tooth buds appeared in the area of the MS and R2
rudiments at ED16.5. Apoptotic rate and mitotic index were similar in Spry DKO
mutants as in the simple Spry2 and Spry4 mutant mice; the only difference was the

increased mitotic index in MS at ED13.5 in the Spry DKO mice.
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Double incisor was present in the upper incisor area in Spry2+/';Spry4’/ “adult
mice. The changes resulting in the origin of a double incisor started to be visible at
ED13.5. Developmentally more advanced embryos at ED13.5 showed significantly
increased mitotic index and significantly decreased apoptotic rate in comparison to
WT embryos in the epithelium of the incisor bud. No significant changes in
proliferation were found in younger or older embryos.

Similarities in development at early stages of odontogenesis were found in the
cheek region of mandible of Tabby mice and Spry mutant mice. The supernumerary
cheek tooth cap appeared at ED13.5 in Spry4'/' mice and at ED14.5 in Tabby mice.

This cap had a round shape and lingual inclination visible on histological sections.

11. Discussion

Cell proliferation and cell death (apoptosis) play an important role during tooth
development in WT mice. In mouse embryonic mandible, the apoptosis is specifically
concentrated in the posterior part of diastema and it helps to stop the growth of the
large rudimentary (premolar) buds MS and R2 (Viriot et al, 2000). Such a specific
concentration of apoptosis was not present in SpryZ'/ “and Spry4'/ “embryos at ED12.5
in MS and in R2 and at ED13.5 in R2.

Mitotic cells are distributed along the whole dental epithelium in the cheek region
of mandibule at ED12.5 (Viriot et al., 1997). Cell division stops in two separated areas
(BrDU negative) at ED13.5. The first area is located in the anterior part of the dental
epithelium and the second area is located posteriorly at the top of a large dental bud
(Shigemura et al., 1999). According our data the first and second areas described by
Shigemura (1999) corresponded to the MS and R2 buds, respectively. In WT mice, we
indeed found a decreased mitotic index in MS and R2 buds in comparison to mitotic
index in developing M1 region. In contrast, the mitotic index in the MS, R2 or in M1
region in SpryZ'/' mice was as high as in the M1 area in WT embryos at stages ED12.5

and 13.5. In Spry mutant mice, the absence of decrease in proliferation and/or increase
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in apoptosis in the rudimentary buds indicated their revitalization, implicated in the
origin of the supernumerary tooth.

Significant decrease of apoptosis and increase of proliferation were also found
during origin of the double incisor in Spry2*;Spry4” mice.

Mice with the spontaneous mutation in Eda gene (Tabby mice) have a
supernumerary tooth anteriorly to the M1in their cheek dentition (Sofaer, 1969). We
found similarities in development of lower cheek teeth in 7abby mice and Spry4’/ .
mice at early stages. Early cap of a supernumerary tooth was obviously separated from
the M1 primordium in both mice strains. The existing gap between the supernumerary
tooth and M1 suggests, that MS might play a major role in the supernumerary tooth
development, while it slightly inhibits growth of the R2 rudiment.

The large rudimentary buds in front of the M1 in mice are interpreted as primordia
of the premolars that had disappeared during evolution of Muridea (Peterkova et al.,
1996, 2006), and that presumably might be utilized to make a more complex M1
(Adloff, 1898). This hypothesis is supported by the behaviour of the rudimentary
premolar primordia: their incorporation into developing M1 in WT mice, as well as
their getting independence back during supernumerary tooth development in mutant
mice (Peterkova, 1983; Peterkova et al., 2006). That’s why we also evaluated the
shape and complexity of the M1 in adult dentition in Spry mutants. The M1 of these
mice had either increased or decreased number of cusps. It suggested two possibilities:
incorporation of the partly revitalized rudimentary premolar bud into M1 or
independent (autonomous) development of the revitalized rudiment, which gives rise

to a supernumerary tooth primordium.

12. Conclusions

1. Early development of rudimentary (premolar) tooth primordia and the first
molar was compared in SpryZ'/' and Spry4'/' mice and WT mice. During

development of the supernumerary cheek tooth in Spry2” and Spry4” mice
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the rudimentary tooth primordia revitalized and contributed to its
development. The revitalization was associated with the increase of
proliferation and/or decrease of apoptosis, and with a prolongation of the

expression of the Shh gene in tooth epithelium.

2. Morphogenesis of supernumerary tooth in DKO mice with missing both
Spry2 and 4 gene (SpryZ'/';Spry4'/') was described and compared to the
development of a supernumerary tooth in Spry2” or Spry4” mice. Although
the DKO Spry mice do not survive till postnatal period. However, they
exhibited two supernumerary tooth caps in front of the lower first molar
during prenatal development. The results suggest that both MS and R2

become independent and give rise to two supernumerary tooth primordia.

3. Increase of proliferation and/or decrease of apoptosis were found during the
development of a double incisor in Spry* 'Spry4'/ ‘mice. Its whole volume of
dental epithelium was not changed in comparison to WT mice. However, the
epithelial septum was created inside the enamel organ, which thus comprised

two papillae and gave rise to two incisors..

4. Development of the cheek dentition with the supernumerary tooth was
compared in SpryZ’/' and Spry4'/' mice and in 7abby mice. Development of
the supernumerary tooth in Tabby mice was similar to the development of the
supernumerary tooth in Spry4'/ " mice, which was connected to the

revitalization of the MS rudiment.
The results of the thesis confirmed the hypothesis: Development of the

supernumerary teeth in mutant mice is based on the revitalization of the

rudimentary primordia of the teeth suppressed during evolution.
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