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Systematic approaches to
characterizing mutant laboratory
mice with a focus on teeth
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Crown and Root of all organs?

Root canal




Teeth In Invertebrates???




Human vs Mouse

e Human 2 dentitions

All teeth stop growing when
fully erupted




Mouse

* Tooth formula/ quadrant
Mouse Human (permanent)
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Mouse tooth development

Initiation of tooth bud

Dentinogenesis

Amelogenesis 1-2 -

Eruption 16-17 18-19 28-29
Functional occlusion 24 25

Number of cusps upper/lowef  3/5 Y

Number of roots upper/lower| 3/2 3/2 3/1




&

g

epithelial-mesenchymal
interactions

/N
T & %

hair tooth gland




Development of teeth
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Development of teeth
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Cell Science Signalling In Tooth Development

Irma Thesleff
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Signalling centers




Molecules In tooth development

Molecules implicated in the development of at least two different
ectodermal organs®

Molecule Hair/feather Tooth Mammary Lacrimal
gland gland
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Fig. 1. Contribution of CNC cells during early craniofacial
development. (A) Scanning electron microscope image of an E9.5
mouse embryo. The anterior neuropores is closed (arrow ). The first
and second branchial arches are present. (B) Whaole-mount staining
of E9.5 Wnl-Cred R26R embryo shows CNC-derived cells (dark
blue) in the first and second branchial arches. Trigeminal ganglia (V)
is present behind the first arch, with the ophthalmic division clearly
visible (amow). Facial nerve ganglia can be seen behind the second
arch (VII). Strong [}-gal staining is also present in dorsal root ganglia
(DRG). () CNC-derived cells populate both the first and second
arches with trigeminal (V) and facial nerve (*) ganglia, respectively.
(I3 Scamning cleetron microscope image of an E10.5 mouse embryo.
The first arch has given rise to both maxillary (single arrow) and
mandibular (double arrow ) prominences. The most cranial somites
are more indistinet. (E) The first. second and the rudimentary third
arch all show CNC-derived cells in this whele-mount specimen.
Trigeminal (V), facial (VID, glossopharyngeal (X0 and vagus ( X)
nerve ganglia are positive for lvc# expression, indicating CNC
origin. (F) Population of CNC cclls is present in frontonasal
prominence, maxillary, mandibular prominences and the second arch.
Single amrow, ophthalmic division of trigeminal nerve. Scale bars: A,
200 pm: B)CF 05 mm: D, 500 um; E, 1 mm.
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APPOSITION MOLAR CROSS-SECTION

ds = dantal sac

ene = anameal organ epithelium
lea = Inner enamel epithelium
cee = outer enamel epithelium
sr = siellate reticulum



Mouse models of tooth agenesis

Mouse models relevant to human tooth agenesis

Chromosomal Phenotype of the homozygous
Gene localization Type of molecule knockout mutant
Homeobox genes
Msxl 5 Transcription factor Mutants lack all teeth
Msx2 13 Transcription factor In double Msx]/Msx2 mutants tooth
development is arrested shortly after initiation
Dixi 2 Transcription factor Double mutants lack maxillary molars;

single mutants have normal teeth
Dix2 2
Pax genes
Pax9 12 Transcription factor Mutants lack all teeth
Paxo6 2 Transcription factor Most mutants develop additional upper incisors
HMG-box genes
Lefl 9 Transcription factor Mutants lack all teeth
Zinc-finger genes
Gli2 1 Transcription factor Mutants lack all teeth
Gli3 13
TGFa superfamily
Activin fiu 13 Extracellular signalling protein Mutants lack all teeth except upper molars
Follistatin 13 Activin-binding protein Abnormal development of lower incisors
Activin I14-R Cell surface activin receptor Some mutants lack lower incisors




Spontaneous mutants with a
tooth phenotype

Symbol Chr. Name

Cd 6 Crooked(-tail)

cr Crinkled

di Duplicate incisors
din 16 Dense incisors

| diS! 10 Downless, sleek




Development of teeth
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The Mutant



Development of teeth
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Tooth eruption



Tooth eruption



Tooth eruption



Tooth eruption



Tooth eruption - mutants

Osteopetrosis

Symbol
Apcp5
Car 2
Csfam

Csfm
Csfmr
Fos

o]

Hck
Mitf

Src

Chr.
9

3
11

3
18
12
10
2
6

2

Name

Acid phosphatase 5, tartrate resistant
Carbonic anhydrase 2

Colony stimulating factor, granulocyte
macrophage

Colony stimulating factor, macrophage
Colony stimulating factor 1 receptor
FBJ osteosarcoma oncogene
grey-lethal

Hemopoeietic cell kinase
Microophthalmia associated transcription
factor

Rous sarcoma oncoge



Incisors In osteopetrosis



Gingiva and periodontium



Gingiva and periodontium



Gingiva and periodontium



Periodontal mutants

+/m m/m



Symbol
Cd

cr

di

din

dl, diS!
Hyp
lac

It

jb
Phexey
Phexiyp
ob

Ta

tl

Xcat

Chr.
6

16
10

X
unmapped

nmapped

X & X X X N X

Table Il. Spontaneous mouse mutations with abnornidies of the teeth.

Name
Crooked(-tail)
Crinkled
Duplicate incisors
Dense incisors
Downless, sleek

X-linked hypophosphatemia
Iris anomaly with cataract
Irregular teeth
Juvenile bare
Gyro
Hypophosphatemia
Obese
Tabby
Nonerupted teeth (extinct)
X-linked cataract



Targeted mutations
ActivinbA

DIx1/DIx2 -/-

Follistatin

Gli2

Lefl -/-(ref)
Msx1 -/-

p53 -/-
p63 -/-

Pax9 -/-

Transgenic mice

Urokinase-type plasminogen
receptor in enamel organ

Consequence

Maxillary molars are normal in homozygots; development of
incisors and mandibular molars blocked at bud stage

No maxillary molars. Failure in mesenchyme programming
leads to formation of ectopic cartilage. Epithelial thickening
with normal signalling events but failure to reach bud stage.
Abnormal lower incisors as well as delayed eruption of
incisors

In heterozygots the upper incisors are fused. Homozygots
lack all teeth Inter mediate phenotype in Gli2 -/- Gli3 +/-
double mutants.

Homozygous mutants lack all teeth with arrest at bud stage;
failure in dental papilla formation

All teeth are absent. Humans with missense mutations show
oligodontia

Fused maxillary incisors combined with exencephaly
Organs dependent upon epithelial mesenchymal interactions
absent: teeth, hair follicles, mammry glands, truncated or
absent limbs, skin at an early developmental stage without
stratification.

Homozygots lack all teeth; tooth fornation is arrested in early
bud stage

Consequence

Fragile incisors, with chalky apperance and a granular
surface; disorganized ameloblast layer



Ectodermal dysplasias

Mouse models:

Tabby Ectodysplasin (EDA1 AND 2)
Downless EDA receptor (EDAR, XEDAR)
Crinkled EDARADD (death domain
adaptor molecule)
GEM
TRAF6 TM

NF-kB pathway



Ectodermal dysplasia



Human cases



e XO

Ectodermal dysplasia

oitzcuintle (Mexican/Peruvian Hairless)

nodontia, high body temperature



Ectodermal dysplasia

Tabby
Prototypical model — X-linked
“The bald men of Sind” (Darwin



Ectodermal dysplasia

« Tabby teeth



Correction of Tabby phenotype



Correction of Tabby phenotype

Tabby Tabby treated wit



Amelogenesis imperfecta



Dentinogenesis imperfecta

Human several types

cf osteogenesis
Imperfecta



DSPP null mice

Dentin sialo
phosphoprotein



Odontogenic keratocyst



Odontogenic keratocyst



Odontogenic keratocyst



Odontogenic keratocyst



Periodontitis



Periodontitis



Periodontitis



Mouse periodontitis



Mouse periodontitis



Mouse periodontitis



Amelogenesis imperfecta

Amelogenin KO mouse



Odontogenic tumours



Odontogenic tumours



Odontogenic tumours



The case of the odontomas

Stabilized beta-catenin



Stabilized beta-catenin



Stabilized beta-catenin



Stabilized beta-catenin?

Calcifying odontogenic tumour



Human odontogenic tumours vs
mouse odontogenic tumours

Ameloblastoma



Human odontogenic tumours vs
mouse odontogenic tumours

e Ameloblastic fibroma



Human odontogenic tumours vs
mouse odontogenic tumours

e TG-AC mice



Human odontogenic tumours vs
mouse odontogenic tumours



Human odontogenic tumours vs
mouse odontogenic tumours



Human odontogenic tumours vs
mouse odontogenic tumours



Dental dysplasia in aging 129 mice



Look out for the Tooth Fairy!



