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Con  nuously-growing teeth as a model for dental renewal
 Ophir Klein

Department of Orofacial Sciences and Program in Craniofacial Biology, University of California San Francisco, San Francisco, CA 
94143, USA

An important challenge facing medicine today is the development of strategies for organ regenera  on and repair. 
The tooth provides a model that allows us to integrate inves  ga  ons into stem cells and evolu  on with studies into 
therapeu  c approaches. I will present data from our recent work focusing on development and renewal of the ro-
dent incisor, which unlike human teeth grows throughout the life of the animal. The growth of this organ, like that 
of the skin, gastrointes  nal tract, and hematopoie  c system, is dependent on the con  nuous genera  on of progeny 
from stem cells that have the capacity to self-renew as well as to give rise to the required diff eren  ated cell types. 
I will discuss the iden  ty and loca  on of the stem cells as well as the transcrip  onal and signaling networks that 
regulate them. I will conclude with some connec  ons between the basic science studies and applica  ons for human 
disease.

Oral presenta  ons – Tuesday
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Dis  nct cell fate determina  on by BMP signaling pathway in the dental mesenchymal cell 
during tooth and alveolar bone morphogenesis
  Ningsheng Ruan1, 2, Zhen Huang1, 2, Xuefeng Hu1, YiPing Chen1, 2, Yanding Zhang1*

1Southern Center for Biomedical Research and Fujian Key Laboratory of Developmental and Neural Biology College of Life Science 
Fujian Normal University Fuzhou, Fujian, P.R. China
2Department of Cell and Molecular Biology Tulane University New Orleans, LA 70118 USA
  *Presen  ng author: ydzhang@  nu.edu.cn

  BMP signaling plays a pivotal role during osteogenesis and odontogenesis. Smad4 acts as a central mediator in BMP 
canonical signaling pathway, has been well documented that it is essen  al in the osteogenesis and bone homeosta-
sis. However, despite the evidence that disrup  on of BMP signaling a  ribu  ng to an early arrested tooth develop-
ment, our recently studies have demonstrated that, when saturated binding with Smad2/3, Smad4 is no longer act 
as a common transcrip  onal cofactor, force the dental mesenchymal cell fate towards tooth forma  on, appearing 
an Smad4-independent but Smad1/5/8-dependent canonical BMP signaling pathway during early odontogenesis. 
Based on these data, we take a hypothesis that Smad4 is a cri  cal joint between osteogenesis and odontogenesis, 
that is, Smad4-dependent signaling facilitates osteogenesis while inhibi  on of Smad4 can sustain the potency of 
odontogenesis in the dental mesenchymal cell.

The potency of odontogenesis can be sustained in the E13.5 dental mesenchymal cells for at least 10h in vitro cul-
ture in the absence of Smad4, as compared to less than 8h in controls. In contrast, loss of odontogenic potency and 
accelerated osteogenesis were observed in dental mesenchymal cells overexpressing Smad4. Cell fate tracing in 
recombined tooth by immunofl uorescence showed that the cells infected with CMV-Empty-Egfp adenovirus formed 
odontoblasts around the epithelium, while the cells infected with Smad4-expressing adenovirus became osteo-
blasts. The ac  vity of BRE-LacZ detected by β-gal an  body, an indicator of BMP canonical signaling ac  vity, in the 
recombinant  ssues showed the increased expression in the bone structures compared to the tooth mesenchyme.

Our results revealed that Smad4 conducts dis  nct cell fate during osteogenesis and odontogenesis. In the absence of 
Smad4, the early dental mesenchymal cells delayed osteogenic diff eren  a  on and sustained odontogenic fate in the 
in vitro culture, indica  ng Smad4 mediated BMP signaling facilitates osteogenesis. It forms a founda  on for further 
gene  c analysis in the tooth and bone development, and establish a basis for inves  ga  on of the role of Smad4-in-
dependent BMP canonical signaling in the craniofacial morphogenesis.

Oral presenta  ons – Tuesday
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Single cell transcriptomics analysis of adult mouse incisor reveals previously unknown 
cellular popula  ons
Jan Krivanek1, Ta  ana Chontorotzea2, Ana Maria Balic3, Irma Thesleff 3, Kaj Fried2, Igor Adameyko1,2

1 Center for Brain Research, Medical University of Vienna, A-1090 Vienna, Austria
2 Karolinska Ins  tutet, Stockholm 17177, Sweden 
3 Developmental Biology Program, Ins  tute of Biotechnology, University of Helsinki, Helsinki 00014, Finland
Presen  ng author: igor.adameyko@ki.se

Single cell transcriptomics is a new powerful tool for inves  ga  ng the true heterogeneity of a given  ssue, and to 
discover novel cell types. Addi  onally, single cell transcriptomics is excellent for the analysis of stem cell compart-
ments and for building diff eren  a  on trajectories that are based on similarity or diff erences in whole individual 
transcriptomes. 

The con  nuously growing mouse incisor too th represents an excellent model system to inves  gate switching genes 
during transi  ons in the mesenchymal stem cell niche, as well as to discover new popula  on or subtypes in the 
mesenchymal compartment. To achieve this, we isolated and selec  vely sorted several hundreds of dental pulp 
cells and odontoblasts for subsequent single cell transcriptome sequencing.  The resul  ng datasets were analyzed 
with the most advanced state-of-the-art algorithms to elucidate in the most sensi  ve and reliable way the individual 
popula  ons, and to build the cell fate maps together with corresponding diff eren  a  on trajectories for every type 
of the resul  ng cell type in the con  nuously growing tooth.  These algorithms represent a cu   ng edge technique 
just recently developed by Peter Kharchenko lab (our collaborator at Harvard Medical School) and Sten Linnarsson 
(Karolinska Ins  tutet). Obtained results provide a deeper knowledge of the true heterogeneity of the pulp and 
odontoblasts. They also help to understand the opera  on of the mesenchymal stem cell niche. Altogether, this will 
improve our understanding of the incisor as a model organ.

Oral presenta  ons – Tuesday
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 Use of human iPS cells for  ssue-engineered tooth
Masaki Honda 

Aichi-Gakuin University, Japan

Human dental pulp cells are a valuable source for the genera  on of pa  ent-specifi c induced pluripotent stem cells 
(hiPSCs). In this study, we generated hiPSCs from deciduous dental pulp cells using three factors, Oct4, Sox2, and Klf4 
and evaluated the feasibility of hiPSCs as substrates for tooth-forming cells. 

Third molar tooth buds were extracted from the mandibles of 6-month-old pigs. A  er removal of the calcifi ed  s-
sues, the heterogeneous cells were isolated from the third molar tooth and then were mixed with hiPSCs. The mixed 
cells were seeded in poly (D, L-lactoc-coglycolic acid) (PLGA) scaff olds and then were transplanted into the omentum 
of the immunocompromised rats as recipients. The implants were harvested at 16 weeks a  er transplanta  on. The 
sec  ons were used for histological observa  on and for immunohistochemistry: an  -human mitochondria, an  -pig 
amelogenin, an  -pig den  n matrix protein-1 (DMP-1), and an  -pig bone sialoprotein (BSP) polyclonal an  bodies. 

Histologically, a number of small pieces of tooth-like  ssues were observed in the implants. Enamel organ-like 
structures were present histologically and the ameloblasts were stained posi  ve for both human mitochondria and 
amelogenin an  bodies. Den  n-preden  n complex with den  n tubules were clearly observed and the odontoblasts 
were double posi  ve for human mitochondria and den  n matrix protein-1 (DMP-1). Cementum adjacent to den  n 
was easily recognized and cementoblasts and cementocytes were posi  vely double-stained for human mitochondria 
and bone sialoprotein (BSP). The results suggested that hiPSCs have a poten  al to diff eren  ate into ameloblasts, 
odontoblasts, and cementocytes.

Oral presenta  ons – Tuesday
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Contribu  on of αSMA perivascular cells to odontoblasts during development and repair of 
den  n.  
I. Vidovic, A. Banerjee, B. Ma  hews, N. Dyment, B. Rodgers, I. Kalajzic, M. Mina

School of Dental Medicine, University of Connec  cut Health Center, Farmington, Connec  cut, U.S.A.

Available evidence suggests that the dental pulp contains several niches of poten  al progenitors/stem cells (MSCs) 
involved in den  nogenesis. However, the origin/iden  ty of the progenitor cells and signaling pathways involved in 
repara  ve den  nogenesis in developing molars remains elusive. The goal of our studies was to examine the con-
tribu  ons of perivascular cells expressing alpha-smooth muscle ac  n (αSMA) in giving rise to odontoblasts during 
development, growth and repair of den  n using mouse molars as a model.  The contribu  on of αSMA-Cre-tdToma-
to expressing cells in dental pulp to primary den  nogenesis was examined by cell lineage-tracing experiments in 
αSMA-CreERT2; Ai9 (Ai9 is Rosa26-tdTomato) double transgenic mice. Four-week-old animals were injected with oil 
(vehicle) or Tamoxifen (TM) for 2 days (one injec  on per day) and the fate of αSMA-Tomato+ cells was examine at 
various  me points a  er TM injec  on.  Small numbers of labeled cells appeared adjacent to CD31+ endothelial cells 
throughout the pulp 3 days a  er TM injec  on. The number of labeled cells increased with  me a  er TM injec  on. 
Labeled cells were found in the odontoblast layer in the developing roots 16 days following injec  on.

The roles in repara  ve den  nogenesis were examined using experimental pulp exposures (PE) of fi rst maxillary 
molars following the 2nd injec  on of TM using αSMA-CreERT2; Ai9 Crossed with Col-2.3-GFP mice (Shown to be 
expressed by both osteoblasts and odontoblasts). Pulp exposure resulted in prolifera  on and migra  on of αSMA-
tdTomato+ cells. Dis  nct lines of fl uorochrome labeling and histological analyses indicated the deposi  on of new 
mineralized  ssue containing atubular and tubular matrix at the site of injury between 2-6 weeks a  er PE. The newly 
mineralized  ssues at the injury sites were lined with αSMA-tdTomato+/2.3-GFP+ cells. RNAscope in situ hybridiza-
 on analyses showed that αSMA-Tomato+/2.3-GFP+ contain both BSP+ and DSPP+ cells. Conclusions: Perivascular 

cells expressing aSMA contribute to odontoblasts during development, growth and repair of den  n in molar teeth.  
Supported by R01- DE016689 & R90-DE022526 grants.

Oral presenta  ons – Tuesday
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Odontogenic Capacity of Adult Dental Mesenchymal Stem Cells for Whole-Tooth 
Regenera  on
Liu Yang1*, Yvonne WY Pang1, Ana Angelova Volponi1, Ana S Justo Caetano1, Yang Ma1 and Paul T Sharpe1

1 Department of Craniofacial Development and Stem Cell biology, Dental Ins  tute, Guy’s Hospital, King’s College London, London, 
UK 
*Presen  ng author: liu.l.yang@kcl.ac.uk

Whole tooth regenera  on, which would be a favourable alterna  ve treatment to prostheses for tooth loss, has 
already been achieved in mice using fresh embryonic tooth cells. However, a clinically prac  cal cell source such as 
cultured adult dental mesenchymal cells (DMCs) lacks the capacity to induce tooth forma  on. Moreover, even em-
bryonic dental cells lose their tooth inducing ability a  er prolifera  on in vitro.

We have inves  gated the odontogenic competency of cultured embryonic DMCs u  lizing mouse mandibular molar 
tooth germs. By mixing these cells with tooth inducing mesenchymal cells (fresh embryonic DMCs) at diff erent ra  os 
(ra  o of fresh to cultured embryonic DMCs at 9:1, 3:1, 1:1, 1:3, 1:9), we show that up to 1:3, cultured embryonic 
DMCs propor  onally contributed to tooth forma  on in recombina  ons with responding dental epithelium  ssue, 
sugges  ng that their odontogenic capacity can be rescued by the presence of induc  ve mesenchymal cells. In the 
cell mixtures, some of the cultured embryonic DMCs diff eren  ated into odontoblasts.1:9 ra  o mixtures failed in 
tooth induc  on. 

The same approach was applied to cultured adult DMCs derived from molar pulp cells of postnatal mice. These cells 
were only sparsely found in the tooth-like structures formed in recombina  ons using cell mixtures with the ra  o of 
fresh embryonic to cultured adult DMCs at 9:1 and no odontoblas  c diff eren  a  on was observed. Further quan  -
ta  ve comparison of the lowest propor  on of fresh embryonic DMCs required to form teeth showed that 3:1 ra  o 
of fresh embryonic to cultured adult cells did permit tooth forma  on, however, the majority of cultured adult cells 
were excluded from the teeth.

To further understand the mechanism of the diff erent behaviour of cultured embryonic and adult DMCs, RNA-seq 
is being performed to compare the gene expression profi les of cultured adult, cultured embryonic and fresh embry-
onic DMCs.

Oral presenta  ons – Tuesday
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The chick embryo xenogra   model to evaluate the neural crest poten  als of dental pulp 
stem cells 
Creuzet Sophie * and Poliard Anne 

* Ins  tut des Neurosciences Paris-Saclay, CNRS-UMR-9197, 1 avenue de la Terrasse, 91198 Gif-sur-Yve  e. France 

The neural crest (NC) is a transient pluripotent cell popula  on, which has a mul  -systemic contribu  on to craniofa-
cial morphogenesis: it gives rise to most of the skeletal elements of the skull and jaws, par  cipates to the forma  on 
of dental organs, and generates glial cells as well as perivascular cells. In adult, the NC persists as undiff eren  ated 
cells in discrete niches. The dental pulp (DP) is believed to be such a niche and contains mesenchymal-like stem cells 
(SC), and NC-derived SCs. Here, we have screened the repertoire of DP-SC markers in vitro and inves  gated their in 
vivo poten  al by xenotranplanta  on. DP-SCs were isolated from PN3 Wnt1 CRE X Tomato mice molars and used as 
a source of mul  potent cells. Their capaci  es to diff eren  ate were tested into a heterospecifi c environment a  er 
gra  ing into the maxillo-mandibular process of a chick embryo. When gra  ed as na  ve cells, DP-SCs are prone to in-
teract with oral ectoderm and form odontogenic processes to generate tooth-like structures from the maxillary jaw. 
By contrast, when DP-SC are expanded in vitro prior to gra  ing, pulpoblasts widely spread all over the developing 
head and par  cipate in the dermal osteogenesis of the jaw and roofi ng bones, exclusively. So depending on whether 
DP cells are cul  vated or not we show that preimplanta  on condi  ons impact their skeletogenic contribu  on and 
bias their capaci  es towards either odontogenesis or osteogenesis. These data suggest that diff erent pathways can 
be recruited at preimplanta  on stages for  ssue repair. Intriguingly, both na  ve DP-SCs and pulpoblasts are also able 
to migrate at distance and pervade the brain parenchyma where they colonize the subventricular zone, choroid plexi 
and septum pellucidum. The neural poten  al of the DP cells is currently further explored. The objec  ves of this study 
are to i) unravel the poten  al of DP-SCs with regard of the preimplanta  on condi  ons, ii) test their regenera  ve 
capaci  es in the context of craniofacial repair and neural disorders.

Oral presenta  ons – Tuesday
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 Odontogenic cells in the anlage of the mouse oral ves  bule
Maria Hovorakova1*, Katerina Lochovska1, 2, Oldrich Zahradnicek1

1Department of Teratology, Ins  tute of Experimental Medicine, Academy of Sciences of the Czech Republic, 14220 Prague 4, 
Czech Republic.
2Department of Anthropology and Human Gene  cs, Faculty of Science, Charles University, Prague, Czech Republic
*Presen  ng author: marhor@biomed.cas.cz

In humans, the oral ves  bule located externally to the den   on and lined by the gums, lips and cheeks is o  en a 
place where pathologies as peripheral odontomas or den  gerous cysts appear. These pathologies are associated 
with a presence of non-erupted or erupted tooth-like structures. The origin of these pathologies is not fully under-
stood.

In the present study, we traced a cell popula  on expressing Sonic hedgehog (Shh) from the start of tooth devel-
opment using tamoxifen inducible Cre-LoxP system in the lower jaw in mice. We focused on Shh expression at 
embryonic day 12.5 associated with early appearing rudimentary incisor germs located in the area anteriorly to the 
prospec  ve incisors. The fate of this cell popula  on has been traced 24/48/72/96 and 120 hours a  er the tamoxifen 
injec  on ac  va  ng recombina  on in Shh expressing cells. The fi nal localiza  on of the labelled cells not only in the 
incisor germs but also in the inner epithelial layer of the ves  bular anlage showed that the fi rst very early develop-
mental events in the embryonic anterior mandible in mice are common to the ves  bulum oris and the prospec  ve 
incisor primordia.

The loca  on of labelled cells descendant of the early appearing Shh expression domain related to the rudimentary 
incisor anlage not only in the rudimentary and func  onal incisor germs but also in the externally located anlage of 
the oral ves  bule documented the inherited odontogenic poten  al of the ves  bular epithelium. The original odon-
togenic poten  al of epithelial cells in the embryonic anlage of the oral ves  bule could be awakened under patho-
logical condi  ons, and its consequent abnormal development can lead to the forma  on of dental pathologies in the 
area external to den   on.

This fi nding might help to explain the developmental background of pathologies with dental  ssue presence (e.g., 
odontomas) located in the ves  bular area in humans and other mammals.

Funding: Grant Agency of the Czech Republic (P305/12/1766, 14-37368G)

Oral presenta  ons – Tuesday
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Sox2 is necessary for the Cervical Loop forma  on and incisor renewal 
Maria Sanz Navarro and Frederic Michon

Ins  tute of Biotechnology, University of Helsinki, Helsinki, Finland
Presen  ng author: maria.sanznavarro@helsinki.fi 

The mouse con  nuously growing front tooth (incisor) serves as a valuable model to study stem cells (SCs) at the 
molecular, cellular and evolu  onary levels.

The dental epithelial SCs are maintained in the mouse adult stage and contribute to the renewal of the incisor. The 
SC niche (labial cervical loop, laCL) is localised in the distal-most part of the mouse incisor and is thought to be pop-
ulated by diff erent SC popula  ons, such as Lgr5+, Gli1+, Bmi1+, and Sox2+.

We are focusing on the Sox2+ SCs, which are involved in incisor renewal and contribute to all epithelial cell lineages 
of teeth. Our results suggest that Sox2 expression is not necessary for tooth ini  a  on, but it is required for subse-
quent cell diff eren  a  on. Sox2 expression seems to be essen  al for the proper renewal of the incisor. However, 
determining the importance of Sox2 in the adult incisor is challenging, due to the presence of other SC popula  ons, 
which can compensate for the loss of Sox2. In line with this hypothesis, we have observ ed that the Sox2+ SC popula-
 on can be replaced in the adult incisor in case of its abla  on.

These fi ndings highlight the importance of Sox2 expression for the forma  on and physiological renewal of the laCL. 

Oral presenta  ons – Tuesday



13

TMD2016

Epithelial stra  fi ca  on, suprabasal intercala  on and trac  on force genera  on in tooth bud 
morphogenesis
Jingjing Li*, Eleni Panousopoulou* , Lemonia Chatzeli, Abigail S. Tucker, and Jeremy B.A. Green

Dept of Craniofacial Morphogenesis & Stem Cell Biology
King’s College London, London, UK.

Teeth form via epithelial thickenings known as placodes. Placodes are local stra  fi ca  ons that invaginate 
down into the mesenchyme. The process of invagina  on has un  l recently not been well understood, and fail-
ure of tooth development in mouse mutants at placode-to-bud stages has o  en been imprecisely described. 
We analysed cellular events in the developmental morphogenesis of the mouse molar. We found ver  cal, 
stra  fying cell divisions enriched in the early placode and that stra  fi ca  on is cell division-dependent. Inhib-
itor and gain-of func  on experiments revealed that FGF signalling drives prolifera  on and stra  fi ca  on but 
not invagina  on as such. A separate, novel process drives invagina  on: suprabasal cell intercala  on anchored 
to the basal layer by apically extended basal cells causes  ssue convergence, thickening and tension gener-
a  on. Suprabasal cell intercala  on is FGF-independent and Shh-dependent. We present a model in which 
suprabasal  ssue forma  on via asymmetric cell division and cell convergence that drives invagina  on all the 
way to bud forma  on are dis  nct developmental mechanisms that help explain both normal tooth develop-
ment and tooth mutant phenotypes.

Oral presenta  ons – Tuesday
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A new model of tooth development: the eff ect of diff eren  al adhesion and mechanical 
interac  ons on cusp forma  on
Miquel Marin-Riera1,2* and Isaac Salazar-Ciudad1,2

1 Center of Excellence in Experimental and Computa  onal Biology, Ins  tute of Biotechnology, University of Helsinki, Helsinki, 
Finland.
2 Department of Gene  cs and Microbiology, Universitat Autònoma de Barcelona, Cerdanyola del Vallès, Spain.
* Presen  ng author: miquel.marinriera@helsinki.fi 

Tooth morphogenesis is a complex and dynamic process that involves long range intercellular signalling, extensive 
cell movements and a close interac  on between epithelium and mesenchyme. Thus, in order to understand how the 
fi nal shape of the tooth arises, we need to understand not only how cell-cell signalling and gene product interac  ons 
result in specifi c pa  erns of gene expression, but also how moving cells and growing  ssues exert mechanical forces 
on its surroundings during development. While there is extensive knowledge on the former, less is known about the 
la  er. In the mouse molar, during the bud to cap transi  on, two lateral epithelial folds called cervical loops emerge at 
both sides of the primary enamel knot and start growing ventrally, par  ally enveloping the underlying mesenchymal 
condensate. It has been shown that FGF signalling from the enamel knot contributes to the growth of the cervical 
loops, however it is not known why they grow in a specifi c direc  on. It has been suggested that mechanical forces 
mediated by the adhesive proper  es of epithelial and mesenchymal cells might be driving the ventral growth of the 
cervical loops and, consequently the enveloping of the dental mesenchyme.

Mathema  cal models of development integrate experimental knowledge and make quan  ta  ve predic  ons on the 
phenotype given a gene  c or environmental perturba  on. Previous mathema  cal models of tooth development 
lacked explanatory power regarding the biomechanical aspects of morphogenesis. For that purpose we have built 
a new model of tooth development that implements realis  c cell mechanics and simulates the mechanical inter-
ac  ons between all the cell layers in early tooth development, that is inner an outer enamel epithelium, stellate 
re  culum, dental mesenchyme and follicular mesenchyme.

We have simulated tooth morphogenesis in a variety of scenarios assuming diff erent rates of growth in the diff erent 
 ssues and diff erent adhesive proper  es between them. Our model predicts that cervical loops only emerge from 

the tooth bud for a certain range of epithelial and stellate re  culum growth rates. We have also found that the ad-
hesive proper  es of cells within and between  ssue types contribute signifi cantly to the shaping of the tooth germ 
in the model. More specifi cally, the model predicts that there are two main opposing forces that drive the direc  on 
of growth of the cervical loops. On the one hand, adhesion between dental mesenchyme and the epithelial basal 
side pulls the cervical loops towards the mid line. On the other hand, adhesion between the stellate re  culum and 
the epithelial apical side creates a mechanical tension along the cervical loops that li  s them up, making them grow 
laterally. Our results provide new insights on how cell and  ssue mechanics during tooth development can generate 
phenotypic varia  on and thus lead to evolu  onary change.

Oral presenta  ons – Tuesday
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3D human tooth crypt morphogenesis during the middle trimester
Joy M. Richman*, Virginia Diewert and Anu Korada

Life Sciences Ins  tute, Faculty of Den  stry, University of Bri  sh Columbia, Vancouver, Canada
*Presen  ng author: richman@den  stry.ubc.ca

Human tooth development begins in the late embryonic period (7-8 weeks, 54 days) concomitant with ossifi ca  on 
of the mandible. The ossifi ca  on centres of the mandibular bone form lateral and caudal to Meckel’s car  lage. The 
follicle is gradually enveloped by bone forming the tooth crypt or future alveolar socket. Due to the rela  vely late 
bone diff eren  a  on rela  ve to tooth forma  on we asked whether the follicle determines the size and shape of the 
bony crypt. Our study measures the morphogenesis of the primary den   on between 12-19 weeks post concep  on 
on a sample of 25 human fetuses. In previous studies by others, specimens were sec  oned and then manually recon-
structed however here we used non-destruc  ve micro CT scans with and without contrast agent (phosphotungs  c 
acid). Histodiff eren  a  on is not seen un  l 16-17 weeks so the majority of data are collected on the enamel organs 
during mid-late bell stage. Amira was used to segment each crypt from slice views and volumes were measured. 
Landmark-based 3D geometric morphometrics was carried out to analyze shape changes. Homologous landmarks 
were applied to the volume renderings of the space occupied by the crypts using Landmark. Files were exported into 
MorphoJ for Procrustes superimposi  on and morphometric analyses. The main results are as follows:

1. Instead of incremental growth crypt volume increases are punctuated. The 16-17 week period experiences the 
most rapid growth, fl anked by two periods of rela  ve stability.

2. Teeth developed in individual crypts rather than shared troughs. 
3. The fi rst primary molar and canine lacked the buccal plate of bone for the en  re period of study
4. The second primary molar also lacked a buccal plate at 12 weeks but by 14 weeks the gingival bone had formed. 
5. Unbiased morphometrics analysis shows that the majority of varia  on in PC1 was due to age of the specimen. 

Younger specimens tended to cluster together rela  vely  ghtly whereas there was more varia  on in shape in 
the 17-19 week tooth crypts.

6. Discriminant func  on analysis comparing 12 and 19 week tooth crypts revealed for the incisors, gingival land-
marks were displaced gingivally. The fi rst primary molar displayed a displacement of buccal landmarks towards 
the buccal. The second primary molar had distolingual shi  s in the distal landmarks. 

We conclude that subtle shape changes are occurring during bell-stage tooth morphogenesis. For the two teeth 
in which a buccal plate was not present (m1, c), there was increased buccal displacement specifi cally in the buccal 
landmarks. In the second primary molar, the gradual enveloping of the follicle with buccal bone made li  le diff er-
ence to the crown shape. It appears that the bone and teeth are fully synchronized and that the shape of the follicle 
establishes the shape of the crypt. PTA staining provided suffi  cient contrast to see enamel organs and follicles. Mor-
phometrics of the non-mineralized follicles will also be presented.  
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Func  onal signifi cance of sodium-dependent glucose transporters during murine 
ameloblast diff eren  a  on
Hiroko Ida-Yonemochi1*, Hidemitsu Harada2, Hayato Ohshima1 

1Division of Anatomy and Cell Biology of the Hard Tissue, Department of Tissue Regenera  on and Reconstruc  on, Niigata 
University Graduate School of Medical and Dental Sciences, Niigata, Japan
2Division of Developmental Biology and Regenera  ve Medicine, Department of Anatomy, Iwate Medical University, Iwate, JAPAN
*Presen  ng author: hyone@dent.niigata-u.ac.jp

Glucose is an essen  al source of energy for mammalian cells and is transported into the cells by glucose trans-
porters. There are two types of glucose transporters: one is passive glucose transporter, GLUT, and the other is 
sodium-dependent ac  ve glucose transporter, SGLT. We have already reported that the expression of GLUTs during 
tooth development is precisely and spa  otemporally controlled, and the glucose uptake mediated by GLUT1 plays 
a crucial role in the early tooth morphogenesis and tooth size determina  on (Ida-Yonemochi et al. Dev. Biol., 363: 
52-61, 2012). In contrast, there is no available data on the expression of SGLTs in odontogenesis, although SGLTs are 
known to express in the intes  ne and kidney epithelium. This study aims to clarify the localiza  on and the role of 
SGLTs1/2 in murine ameloblast diff eren  a  on using immunohistochemistry, immunoelectron microscopy, an in vitro 
tooth organ culture experiment and in vivo administra  on of an inhibitor of SGLTs1/2, phlorezin. SGLT1, which is 
high affi  nity with glucose, was immunolocalized in the early secretory ameloblasts and the ruffl  e-ended ameloblasts 
in matura  on stage. On the other hand, SGLT2, which has high capacity of glucose transport, was observed in the 
stratum intermedium, papillary layer and matura  on stage of ameloblasts and colocalized with Na+/K+-ATPase. The 
inhibi  on of SGLTs1/2 by phlorezin in the tooth germs induced the disturbance of ameloblast diff eren  a  on and 
enamel matrix forma  on both in vitro organ culture and in vivo mouse model. These fi ndings suggest that the ac  ve 
glucose uptake mediated by SGLTs is strictly regulated in  me depending manners during ameloblast diff eren  a  on, 
and the appropriate passive and ac  ve glucose transport is an essen  al event in amelogenesis.
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Understanding the role of Hyaluronan during molar development
María Constanza González1,*, Andrés Wilson1, Natalia Sanchez1, Abigail S. Tucker2 and Marcia Gaete1,2

1 Department of Anatomy, Pon  fi cia Universidad Católica de Chile, San  ago, Chile 
2 Department of Craniofacial Development and Stem cell Biology, King’s College London, United Kingdom
* Presen  ng author: mcgonza6@uc.cl

Hyaluronan (HA) is an anionic carbohydrate, a common component of the extracellular matrix (ECM) distributed in 
mesenchymal and epithelial  ssues. HA has been implicated in morphogenesis during development and regenera-
 on, defi ning the size, shape and form of several organs in vertebrates, such as the heart, palate, cornea, limb and 

tail. The expression of HA has been described at early stages of tooth forma  on, however, its func  on is unknown.
Our aim is to characterize the role of HA during molar development in mouse. We studied the HA expression in the 
dental epithelium by Alcian Blue histological staining and by fl uorescence detec  on using the hyaluronic acid binding 
protein (HABP). We observed posi  ve labeling in the enamel organ correlated with Sox9 expression but complemen-
tary to Sox2, sugges  ng a role of HA in dental stem cell biology.

In order to determinate whether HA has a role in tooth development, we treated molar explants culture of E14.5 
mice embryos with 4-methylumbelliferone (4-mu), a specifi c inhibitor of HA synthesis. We found disturbed tooth 
germ morphology and size in molar explants cultured in the presence of 4-mu. Addi  onally, the succession of molar 
tooth was impaired. We are now analysing the mechanism that determine this phenotype.

In conclusion, HA levels in the dental epithelium correlates with stem cells markers, while altera  ons and arrest of 
normal tooth development occurs in the absence of HA synthesis, together sugges  ng that HA plays a role in mor-
phogene  c processes and stem cell behavior during tooth development. Finally, to understand the role of HA in a 
polyphyodont model, we are currently characterising this molecule during Xenopus laevis tooth development.
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Wednesday, June 15

7.00 – 8.30 Breakfast
8.30 – 11.30 Dental Morphogenesis
8.30 – 9.00 Marianna Bei (Harvard Medical School, USA)

“Molecular mechanisms of early odontogenesis”
9.00 – 9.25 Laura Ah  ainen (University of Helsinki, Finland)

“Cellular mechanisms in incisor tooth budding morphogenesis”
9.25 – 9.50 Takashi Nakamura (Tohoku University, Japan)

“Transcrip  onal regula  on of Epiprofi n”
9.50 – 10.20 Coff ee Break
10.20 – 10.45 Maisa Seppala (King’s College London, UK)

“Mul  ple molecular pathways regulate the tooth number in Gas1 knock-out mouse”
10.45 – 11.10 Ralf J. Radlanski (Charite Medical Faculty, Germany)

“Comparability of Human and Murine Molar and Peridental Bone Development”
11.30 – 13.00 Lunch
13.30  Excursion
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 Molecular mechanisms of early odontogenesis
Zhang W, Zhao M and Bei M

Department of Surgery, Massachuse  s General Hospital and Harvard Medical School
Shriners Burns Hospital for Children
51 Blossom Street, Boston, MA 02115

Transcrip  on factors control cell fate through a selec  ve regula  on of target genes, and their target gene specifi city 
is achieved through context-dependent selec  ve protein interac  ons.  

In early tooth morphogenesis, a network of transcrip  on factors operates in the dental mesenchyme to regulate a 
specifi c transcrip  onal output (Zhao et al., 2013; Saadi et al., 2013). Post-transla  onal modifi ca  on of proteins by 
the small ubiqui  n related modifi er (SUMO) is recognized as another important regulatory mechanism. Sumoyla  on 
of transcrip  on factors aff ects their stability, localiza  on, and ac  vity as ac  vators or repressors, by altering pro-
tein-protein interac  ons to favor recruitment of specifi c  me and context-dependent co-repressors.  

Using the developing tooth as a model system, we show that the transcrip  on factors’ network combinatorial ac  on 
along with their target specifi city is further modifi ed by sumoyla  on.  Specifi cally, sumoyla  on acts as a selec  ve 
regulator of transcrip  on factor’s func  ons during early tooth development, thereby providing a dynamic interplay 
between transcrip  onal ac  va  on and repression and target gene selec  on. 
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Cellular mechanisms in incisor tooth budding morphogenesis
Laura Ah  ainen, Isa Uski, Marja L. Mikkola, Irma Thesleff 

Ins  tute of Biotechnology, University of Helsinki, Finland
 
Ectodermal appendages including teeth develop through induc  ve epithelial-mesenchymal interac  ons, and their 
early development proceeds similarly through induc  on, placode, and bud stages. The molecular regula  on of these 
early stages has been studied extensively in teeth, and the signaling pathways involved are well characterized. The 
contribu  ng cellular mechanisms have, however remained elusive, largely due to lack of techniques to study dynam-
ic cellular processes in live  ssues. We fi rst systema  cally analyze cell cycle dynamics during early tooth morphogen-
esis using fl uorescent cell cycle indicator transgenic mice. We show that a non-prolifera  ve cluster of epithelial cells 
emerges in placode stage tooth primordia and we iden  fy these cells as a signaling center. This early signaling center 
has many of the same signaling molecules as the enamel knot, the later-appearing well-studied signaling center 
that instructs further morphogenesis. We focus on developing embryonic incisors and using confocal live imaging of 
mandibular explants and show that although the signaling center cells reorganize dynamically, they do not re-enter 
the cell cycle or contribute to the growing tooth bud. Instead, budding morphogenesis is driven by prolifera  on of 
the neighboring placodal cells. The signaling center cells remain close to the oral surface and do not contribute to 
the enamel knot, which is induced de novo at the  p of the tooth bud. We demonstrate that the ac  vity of the ecto-
dysplasin/Edar/NF-κB pathway is restricted to the early signaling center, and its inac  va  on leads to fewer quiescent 
cells and a smaller incisor bud. These data func  onally link the signaling center size to organ size and argue that the 
early signaling center guides budding morphogenesis via paracrine factors.
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Transcrip  onal regula  on of Epiprofi n
Takashi Nakamura1*, Satoshi Fukumoto2, Maitane Aurrekoetxea3, Fernando Unda3, and Yoshihiko Yamada4 

1Division of Molecular Pharmacology & Cell Biophysics and 2Pediatric den  stry, Tohoku University Graduate School of Den  stry, 
Sendai, Japan   
3Department of Cell Biology and Histology, University of Basque County, UPV/EHU, Spain
4Na  onal Ins  tute of Dental and Craniofacial Research, Na  onal Ins  tutes of Health, Maryland, USA
*Presen  ng author: taka@dent.tohoku.ac.jp

The developing tooth is a good model for studying the mechanism of organogenesis. Previously we iden  fi ed Epi-
profi n by using tooth germ cDNA microarray and is a highly cell- and  ssue-specifi c protein expressed in ectodermal 
organs including teeth. Epfn expression is observed at the placode epithelium of the ini  a  on stage in incisors and 
molars. The expression of Epfn is restricted to the inner enamel epithelium at the cap stage and in the ameloblasts 
at later stages. 

Epiprofi n encodes a member of the Sp/Krüppel-Like Factor (KLF) family containing three characteris  c C2H2-type 
zinc-fi nger mo  fs. 

Full-length cloning and sequencing revealed that Epfn gene is drove by two dis  nct promoters and exon1 (exon1 
and exon1’) and is produced two splicing variants which share exon2. Because the coding sequence is only located 
in exon2, two Epfn isoforms encode iden  cal Epfn protein. However, the regula  onal mechanism of Epfn is not fully 
understood so far. 

In order to clarify the transcrip  onal regula  on of Epfn during tooth development, we analyzed the localiza  on 
of the expression of Epfn variants in developing incisors. We designed the Epfn RNA probes which are specifi cally 
hybridized at the exon1 or exon1’. The results of in situ hybridiza  on using those probes revealed that each of Epfn 
variant was expressed in diff erent regions of dental epithelium near the cervical loop of incisor. We also designed 
Epfn-splicing-variant-specifi c primer sets and check the expressional changing in developmental stages of mouse 
molars by qPCR analysis.  Furthermore, we analyzed the promoter assay by using two Epfn promoter reporter con-
structs in dental epithelial cell line, SF2. Promoter analysis reveals that Epfn promoters were ac  vated by Notch 
signaling as well as several growth factors including Wnt and BMPs. 

Our present data of the analysis of Epfn transcripts leads to a be  er understanding the molecular regula  on of tooth 
development.
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Comparability of Human and Murine Molar and Peridental Bone Development
Ralf J. Radlanski*, Herbert Renz, Alexander Voigt, Camilla Zimmermann

Charité - Campus Benjamin Franklin at Freie Universität Berlin
Center for Dental and Craniofacial Sciences, Dept. of Craniofacial Developmental Biology, Berlin, Germany
*Presen  ng Author: ral  .radlanski@charite.de

The mouse, most frequently is used to inves  gate the development of the dental primordia and their surrounding 
structures. Striking diff erences exist in terms of number and size of teeth, the sequence of den   ons, and the speci-
fi city of the ever growing incisors of the mouse. But even when limited to the molars, the ques  on arises of compa-
rability with regard to the  ming of the development of the structures involved.

38 heads (2-3 per stage) of mice of the strain C57Bl/6J of developmental stages E13-P20 and 25 heads of human 
embryos and fetuses of sizes 19-270 mm crown-rump length (CRL) were prepared as histological serial sec  ons. 
Selected stages were inves  gated as 3D reconstruc  ons and compared.

Results: From the dental lamina stadium to the fi rst den  ne deposi  on, it takes only 7 days in mice for m1, while it 
takes 5 or more months and years for m1 in humans, and even years, depending on the specifi c tooth. Based on the 
typical stages of dental development as a reference system, the diff erent  ming sequences of the development of 
the peridental structures become obvious: The fi rst mandibular bone forma  on is seen in mice, when its m1 is in the 
cap stage – in man this happens in the lamina stage already. Also the modality of bone forma  on is diff erent: In man 
separa  ng bony septae between the dental primorida arise very early, and are prone to par  al resorp  on when the 
dental primordia become larger. In mice, the three molar primordia develop in a shared trough, only shortly before 
dental erup  on, there arise bony septa and compartments.

Conclusion: With this in mind, comparisons between man and mice must be formulated with cau  on.

Funded in parts by DFG (Ra 428/1-11)
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Thursday, June 16

7.00 – 8.30 Breakfast
8.30 – 13.00 Dental Evo-Devo
8.30 – 9.00 Gareth Fraser (University of Sheffi  eld, UK)

“Ancient Sox2+ epithelial stem cells regulate con  nuous tooth regenera  on in sharks”
9.00 – 9.25 Kirs  n Brink (University of Bri  sh Columbia, Canada)

“Tissue level complexity of non-mammalian den   ons”
9.25 – 9.50 Marcela Buchtova (Ins  tute of Animal Physiology and Gene  cs, Czech Republic)

“The chameleon as a model for understanding tooth ankyloses”
9.50 – 10.15 Ann Huysseune (Ghent University, Belgium)

“Expanding a tooth row: recapitula  on of an embryonic process or coop  on of replacement?”
10.15 – 10.40 Mona Christensen (University of Helsinki, Finland)

“Super-sizing teeth – from mice to elephants”
10.40 – 11.10 Coff ee Break
11.10 – 11.35 Abigail Tucker (King’s College London, UK)

“An analysis of tooth regenera  on in diphyodont mammals: to replace or not to replace”
11.35 – 12.00 Alistair Evans (Monash University, Australia)

“The evolu  on and development of hominin tooth size is governed by the inhibitory cascade”
12.00 – 12.25 Paul Eckard Wi  en (Ghent University, Belgium)

“Telomerase expression in the medaka (Oryzias la  pes) pharyngeal den   on”
12.25 – 12.50 Moya Meredith Smith (King’s College London, UK)

“Cretaceous rostrum saw-teeth yield developmental data convergent on oral teeth”
13.00 – 14.30 Lunch
14.30 – 16.00 Poster session
16.00 – 19.45 Hard Tissue
16.00 – 16.30 Jan Hu (University of Michigan, USA)

“Amelogenesis and Amelogenesis Imperfecta
16.30 – 16.55 Claire Bardet (University Paris Descartes, France)

“Pathophysiology of Amelogenesis Imperfecta in Familial Hypomagnesemia with Hypercalciuria 
and NephroCalcinosis: func  onal studies in Claudin-16-/- mice”

16.55 – 17.20 Vitor Neves (King’s College London, UK)
“Development of a novel biological approach for den  ne repair”

17.20 – 17.45 Rosita Jalali (ACTA, The Nederlands)
“Quan  ta  ve 3D-Analysis of enamel mineraliza  on defects in impacted human fl uoro  c teeth by 
micro-CT”

17.45 – 18.15 Coff ee Break
18.15 – 18.40 Ariane Berdal (Centre de Recherche des Cordeliers, France)

“In vivo and in vitro characteriza  on of ectopic mineraliza  on related to human FAM20A muta-
 ons”

18.40 – 19.05 Jacqueline Moustakas-Verho (University of Helsinki,Finland)
“The branching of odontoblast processes and the produc  on of den  ne tubules”

19.05 – 19.30 Eva Budisova-Svandova (University of Veterinary and Pharmaceu  cal Sciences, Czech Republic)
“Caspase-8 in mandibular bone development”

19.45  Dinner
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Ancient sox2+ epithelial stem cells regulate con  nuous tooth regenera  on in sharks 
Kyle J. Mar  n1, Liam J. Rasch1, and Gareth J. Fraser1*

1 Department of Animal and Plant Sciences, University of Sheffi  eld, Sheffi  eld, U.K.
*Presen  ng author: g.fraser@sheffi  eld.ac.uk

The capacity for tooth regenera  on is limited in some lineages, including mammals, which produce at most two 
tooth genera  ons.  Pluripotent epithelial stem cells play a central role in the regenera  on of epithelial appendages 
including teeth in vertebrates but have not been characterized in sharks and their rela  ves (chondrichthyans).  Oral 
teeth are thought to have evolved from skin-born tooth-like structures and sharks represent an ideal experimental 
model to study the compara  ve development of skin teeth and oral teeth. The major dis  nc  on between these 
similar structures, other than loca  on, is their regenera  ve capacity, where skin teeth (dermal odontodes) are only 
replaced when lost and space becomes available through growth. The capacity for cyclical regenera  on is only true 
of teeth, while both structures express a common set of genes during development. We document the emergence 
of the oral teeth and skin teeth in the shark, (Scyliorhinus canicula) in order to iden  fy cells with dental stem cell-
like quali  es responsible for the unique capacity for con  nuous regenera  on of the shark den   on. We fi nd that 
the shark den   on relies on sox2+ stem cells within the dental lamina to facilitate con  nuous tooth regenera  on, 
not shared in skin den  cles. These results indicate that vertebrates have relied on modifi ed sox2+ dental stem cells 
during the evolu  on and development of a variety of regenera  ve dental systems that emerged a  er the evolu  on 
of skin teeth. Varia  on in the maintenance of dental stem cells is likely to have infl uenced and limited regenera  ve 
proper  es across toothed vertebrates.  We present a compara  ve framework in order to address  dental regenera-
 ve capacity in toothed vertebrates, from sharks to mammals, and further discuss the poten  al for the reemergence 

of limited or lost tooth regenera  on.
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Tissue-level complexity of non-mammalian den   ons
Kirs  n S. Brink1*, Robert R. Reisz2, Theresa M. Grieco1, Joy M. Richman1

1Department of Oral Health Sciences, Faculty of Den  stry, University of Bri  sh Columbia 2Department of Biology, University of 
Toronto Mississauga
*Presen  ng author: brinkkir@den  stry.ubc.ca

The microstructure of tooth  ssues and the interplay between them can strongly infl uence the morphology and 
func  on of a tooth. Given the recent recogni  on of the  ssue-level complexity of rep  lian teeth, especially in dino-
saurs, an understanding of detailed dental microstructure can inform on the development, func  on, evolu  on, and 
ecology of ex  nct animals. Although the predominant  ssue in a tooth, den  ne receives rela  vely li  le a  en  on 
in comparison to enamel in microstructure studies. Here, we used histology, synchrotron radia  on-based Fourier 
transform infrared (SR-FTIR) microspectroscopy, and third-harmonic genera  on microscopy (THG) to visualize den-
 ne tubule structure at the den  ne-enamel junc  on (DEJ) in carnivorous theropod and herbivorous ornithischian 

dinosaurs (203-65 MYA). Other ex  nct and modern dental material from archosaurs, synapsids, non-mammalian 
synapsids, and chondrichthyans was examined for comparison (290 MYA to recent). Results show that the use of 
these advanced imaging modali  es can help iden  fy tooth  ssues that were previously unrecognized in archosaurs, 
including enamel spindles and globular den  ne. Enamel spindles are present throughout the DEJ in herbivorous 
ornithischian dinosaurs, while the spindles are only located at den  cle  ps in carnivorous taxa. Furthermore, carniv-
orous theropod dinosaurs have a novel arrangement of globular and sclero  c den  ne at the base of each den  cle 
that strengthens the tooth internally. Morphometric analyses of den  nal tubule diameter, density, and branching 
rates reveal a signal for dietary preferences, with herbivorous saurischian and ornithischian dinosaurs consistently 
having higher den  nal tubule density than their carnivorous rela  ves. These densi  es relate to the hardness of the 
den  ne, where herbivorous taxa have den  ne that is more resistant to breakage and wear at the den  ne-enamel 
junc  on than carnivorous taxa. This study advocates the detailed study of den  ne to understand the evolu  on of 
den   on and feeding ecology in ex  nct vertebrates. To provide developmental context for these den  ne structures, 
we examine tooth mineraliza  on pa  erns and microstructure in extant rep  le teeth. Mineraliza  on fronts can be 
traced through the use of fl uorescent calcein and xylenol orange labeling and Op  cal Projec  on Tomography (OPT), 
which we show to be eff ec  ve at visualizing den  ne, enamel, and a  achment  ssues in 3D for the fi rst  me. We also 
demonstrate the reten  on of calcein labeling in decalcifi ed den  ne and dermal bone  ssues within the jaw of extant 
leopard geckos, providing a simple way to compare mineraliza  on rates in 2D paraffi  n sec  ons. These experiments 
off er a new view on the m isunderstood structural and  ssue-level complexity of non-mammalian den   ons.
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The chameleon as a model for understanding tooth ankylosis
Marcela Buchtová1,2, Hana Dosedělová1, Oldřich Zahradníček3, Kateřina Štěpánková3, Tomáš Zikmund4, 

Jozef Kaiser4, Karel Novotný3, Jan Štembírek1,5, Abigail S. Tucker6, Herve Lesot7  

1 Ins  tute of Animal Physiology and Gene  cs, Brno, Czech Republic
2 Ins  tute of Experimental Biology, Masaryk University, Brno, Czech Republic
3 Ins  tute of Experimental Medicine, Prague, Czech Republic
3 Department of Chemistry, Masaryk University, Brno, Czech Republic 
4 CEITEC, University of Technology, Brno, Czech Republic 
5 Department of Oral and Maxillofacial Surgery, University Hospital Ostrava, Czech Republic
6 Department of Craniofacial Development and Stem Cell Biology, and Department of Orthodon  cs, King’s College London Dental 
Ins  tute, London, UK
7 INSERM UMR1109, team “Osteoar  cular and Dental Regenera  ve NanoMedicine” and Faculté de Chirurgie Dentaire, Université 
de Strasbourg, Strasbourg, France
Presen  ng author: buchtova@iach.cz

Rep  les exhibit large variability in the number of replacement tooth genera  ons (from polyphyodont to monophyo-
dont) as well as in the type of tooth a  achment (from pleurodont to acrodont). In chameleons, there is only one 
genera  on of teeth and the forma  on of all tooth germs along the jaw is ini  ated from the  p of the dental lamina. 
A short successive dental lamina forms as an extension of the dental lamina on the lingual side of the fi rst tooth 
genera  on but it does not produce any replacement tooth germ. This structure becomes markedly reduced in size 
during juvenile stages as the number of prolifera  ng cells is decreased. The lack of any replacement teeth may be 
linked to the mode of tooth a  achment in chameleons, which is acrodont, where teeth are fi rmly ankylosed to the 
top of tooth-bearing bone. Tooth to bone as well as tooth to tooth a  achments are so strong that if a mechanical 
injury occurs in the oral cavity, several neighbouring teeth and pieces of the associated jaw bone can be broken off . 
We further analyzed the changes in hard  ssue morphology that lead to tooth-bone fusion in the chameleon by 
X-ray micro computed tomography and Laser-Induced Breakdown Spectroscopy. The mandible grows in a caudal di-
rec  on during post-hatching development, so that the most recent teeth were added in the most caudal part of the 
mandible. A wide dental cavity was found in juveniles, which was clearly separated from the underlying bone mar-
row cavity by bony lamellae. Then, the dental pulp cavity was progressively fi lled by a mineralized matrix. This close 
merger of the tooth and bone, and fusion of teeth together along the margin, means that replacement of a tooth 
in isola  on would be extremely diffi  cult, involving extensive remodelling of large regions of the jaw. In conclusion, 
while human ankylosis leads to a serious health problem, including demineraliza  on of alveolar bone, we found 
that ankylosis in the chameleon is accompanied by an enhanced produc  on of mineralized  ssue. The chameleon 
can thus represent a useful model species to decipher the developmental processes underlying odontogenesis and 
physiological ankylosis.

This study was supported by the CSF (14-37368G, 14-29273P) and the CEITEC 2020 (LQ1601) with fi nancial support 
from the MEYS CR under the Na  onal Sustainability Programme II.
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Expanding a tooth row: recapitula  on of an embryonic process or coop  on of 
replacement? 
Ann Huysseune1*, Sam Vandenplas1, Ella Mar  n1, and P. Eckhard Wi  en1

1 Biology Department, Research Group Evolu  onary Developmental Biology, Ghent University, Ghent, Belgium
* Presen  ng author: Ann.Huysseune@UGent.be

Jawed vertebrates diff er in how they achieve their adult number of teeth. Mammals have a fi xed (species-specifi c) 
number of teeth. Most non-mammalians grow lifelong and tooth numbers may or may not increase concomitant 
with growth of the tooth suppor  ng bones. Across ac  nopterygians several species develop a fi xed number of teeth 
early in ontogeny and, once that number is established, teeth only cycle without new teeth being added. This is the 
case, for example, in cyprinids like the zebrafi sh (Danio rerio). Other species steadily expand their tooth rows with 
an ever growing number of teeth. This is the case, for example, in salmonids and cichlids. 

We ask whether a new tooth that is added at the end of a tooth row forms similar to a fi rst-genera  on tooth (i.e., 
the very fi rst tooth to develop at a certain locus) independent from the last tooth in the row, or, conversely, forms 
as a replacement tooth, which then becomes independent of its predecessor. The ques  on is addressed by studying 
Atlan  c salmon  and diff erent cichlid species. The analysis compares histogenesis and shape, as well as epithelial 
connec  vity and prolifera  on pa  erns, between teeth established earlier in ontogeny (already cycling and part of a 
tooth family), and newly added teeth (not yet cycling).

On the salmon dentary, fi rst-genera  on teeth and replacement teeth dis  nctly diff er in their early morphogenesis: 
evagina  on of oral epithelium versus invagina  on of outer dental epithelium of predecessor, respec  vely. Newly 
added teeth at the end of the tooth row develop from the epithelium in the immediate vicinity of the next-to-last 
tooth, reminiscent of replacement tooth forma  on, yet take on the shape of fi rst-genera  on teeth. In the cichlid 
dentary, the shape similarity to fi rst-genera  on teeth is even more pronounced, given that tooth shape complexity 
increases over the course of replacement cycles. Like fi rst-genera  on teeth, newly added teeth in cichlids develop 
extramedullarly. 

In salmon, a sheet-like epithelial connec  on, absent between established tooth families, interconnects the last add-
ed, non-cycling teeth. Prolifera  on within this common epithelial structure is restricted to its posterior, lingual side. 
This resembles the pa  ern of prolifera  on observed at the lingual end of the dental lamina of established tooth 
families elsewhere in the tooth row. Similar lingualmost foci of prolifera  on have also been observed in shark and 
bichir tooth families (Vandenplas et al., 2016a,b). 

In conclusion, our data reveal a mixture of features of both fi rst-genera  on and replacement teeth. We suggest that 
tooth rows expand by coop  on of the replacement process to ini  ate tooth development, but recapitula  on of the 
morphogene  c process that forms a fi rst-genera  on tooth.

Vandenplas et al. 2016a. Dev. Biol. (in press)
Vandenplas et al. 2016b. PloS One (in revision)
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Super-sizing teeth – from mice to elephants  
Mona Christensen1, Nicolas Di-Poï1, Robert J. Asher2, Jukka Jernvall1 
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The sizes of the majority of organs scale with body size - larger bodies require larger organs. The ques  on of how or-
gans follow the growth of the body as a whole is intriguing as is, but also brings new challenges such as adjus  ng the 
regula  on of organ shape. The molar tooth is an example of an organ the size of which scales with overall body size. 
Several experimental a  empts to change molar size have led to changes in shape as well. However, the evolu  onary 
history of mammals shows that the size and shape of molars can be regulated independently. We aim to reveal the 
developmental adjustments behind shape regula  on in diff erently sized animals, and to fi nd out how size aff ects the 
pa  erning events. We have analysed the similari  es and diff erences in tooth development between the rat (Ra  us 
norvegicus) and the mouse (Mus musculus). The antero-posterior and bucco-lingual length of the fi rst molar of the 
rat is roughly double that of the mouse, but the shape has remained similar. Preliminary results suggest that this 
kind of ‘super-sizing’ involves adjustments to three parameters; the antero-posterior dimension of the tooth bud, 
the distance between the secondary enamel knots, and the period of growth a  er pa  erning events. 

To gain insight on how shape is regulated in the upper size extreme, we have analysed rare embryonic specimens 
of the African elephant (Loxodonta Africana), the largest extant terrestrial mammal. We combine our compara  ve 
analysis with experimental work and computa  onal simula  on to describe how teeth are made in diff erent sizes, 
and how the largest molars of today are built.
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An analysis of tooth regenera  on in diphyodont mammals: to replace or not to replace
Elena Popa1  & Abigail S. Tucker 1*
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Most mammals classically have two sets of teeth (diphyodont), however many mammals deviate from this pa  ern 
with loss of replacement at par  cular tooth posi  ons. We have inves  gated the pa  ern of replacement in three 
mammals, the opossum (Monodelphis domes  cus), fruit bat (Eidolon helvum), and guinea pig (Cavia porcellus), us-
ing 3D reconstruc  on to understand the rela  onship between the primary and secondary (replacement) den   on. 
Interes  ngly in each case the developing primary tooth is observed to move away from the dental lamina, which 
remains con  nuous along the jaw. This separa  on is par  cularly marked in the 3rd premolar in the bat, where the 
primary and replacement tooth end up si   ng side by side, unconnected by a lamina. The divergence of the primary 
tooth from the dental lamina means that the replacement teeth forming in one part of the jaw are linked by the 
dental lamina to later forming primary teeth in other parts of the mouth. The posi  on of the replacement tooth, 
with respect to the primary tooth, varied within the mouth, with replacements forming anterior to or directly lingual 
to the primary tooth. Development of replacement teeth was arrested at some tooth posi  ons in all three mam-
mals studied, with fragmenta  on of the dental lamina as the primary tooth moved away. Our results suggest that a 
successional lamina does not exist in mammals but is simply the original dental lamina. Our fi ndings also show that 
a variety of spa  al rela  onships are observed between the primary and replacement tooth, poten  ally driven by 
spa  al constraints within the jaw. We are now inves  ga  ng the signals that are involved in determining whether the 
dental lamina forms a replacement tooth or regresses, concentra  ng on a comparison between the non-replacing 
canine and replacing 3rd premolar in the opossum.
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The evolu  on and development of  hominin tooth size is governed by the inhibitory 
cascade
Alistair R. Evans1*, E. Susanne Daly, Kiers  n K. Catle  , Kathleen S. Paul, Stephen J. King, Ma  hew M. Skinner, Hans P. Nesse, Jean-
Jacques Hublin, Grant C. Townsend, Gary T. Schwartz and Jukka Jernvall

1 School of Biological Sciences, Monash University, VIC 3800, Australia and Geosciences, Museum Victoria, VIC 3001, Australia
* Presen  ng author: arevans@fastmail.fm

The varia  on in molar tooth size in humans and our closest rela  ves (hominins) has strongly infl uenced our view of 
human evolu  on. The reduc  on in overall size and dispropor  onate decrease in third molar size have been noted 
since Darwin, and have been a  ributed to reduced selec  on for large den   ons due to changes in diet or the acqui-
si  on of cooking. The systema  c pa  ern of size varia  on along the tooth row has been described as a ‘morphoge-
ne  c gradient’ in mammal, and more specifi cally hominin, teeth since Butler and Dahlberg. However, the underlying 
controls of tooth size have not been well understood, with hypotheses ranging from morphogene  c fi elds to the 
clone theory. 

In this study we address the ques  on: Are there rules that govern how hominin tooth size evolves? Here we propose 
that the inhibitory cascade, an ac  vator-inhibitor mechanism that aff ects rela  ve tooth size in mammals, produces 
the default pa  ern of tooth sizes for all lower primary postcanine teeth (deciduous premolars and permanent mo-
lars) in hominins. This confi gura  on is also equivalent to a morphogene  c gradient, at long last poin  ng to a mech-
anism that can generate this gradient. The pa  ern of tooth size remains constant with absolute size in australopiths 
(including Ardipithecus, Australopithecus and Paranthropus). However, in species of Homo, including modern hu-
mans, there is a  ght link between tooth propor  ons and absolute size such that a single developmental parameter 
can explain both the rela  ve and absolute sizes of primary postcanine teeth. 

Based on the rela  onship of inhibitory cascade pa  erning with size, we can use the size at one tooth posi  on to 
predict the sizes of the remaining four primary postcanine teeth in the row for hominins. Our study provides a devel-
opment-based expecta  on to examine the evolu  on of the unique propor  ons of human teeth. 
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Telomerase expression in the medaka (Oryzias la  pes) pharyngeal den   on
P. Eckhard Wi  en1*, Ann Huysseune1, Christoph Winkler2 and Doris W. T. Au3
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Non-mammalian vertebrates have the capacity of lifelong tooth replacement. In all vertebrates, tooth forma  on 
requires contact and interac  on between the oral or pharyngeal epithelium and the underlying mesenchyme. To se-
cure lifelong replacement, the presence of odontogenic stem cells has been postulated, par  cularly in the epithelial 
compartment. 

This study uses an advanced teleost fi sh species, the medaka (Oryzias la  pes), to examine the expression and distri-
bu  on of TERT, the cataly  c unit of telomerase, as a puta  ve stem cell marker in developing pharyngeal teeth, and 
to relate these data to the prolifera  ve ac  vity of the cells.

TERT expression and distribu  on in developing tooth germs shows a dynamic spa  otemporal pa  ern. TERT is pres-
ent fi rst in the mesenchyme, but is downregulated as the odontoblasts diff eren  ate. In contrast, in the epithelial 
enamel organ, TERT is absent during early stages of tooth forma  on and upregulated fi rst in ameloblasts. Later, TERT 
is expressed and immunolocalised throughout the en  re inner enamel epithelium. PCNA staining is mutually exclu-
sive with TERT expression: highly prolifera  ve cells, as revealed by PCNA staining, are nega  ve for TERT. The early 
mesenchyme is the excep  on with co-expression of PCNA and TERT.

Our fi ndings cast doubt on the presence of stem cells in the epithelial compartment and consider the possibility that 
tooth replacement may depend on the ac  va  on, in the epithelium, of undiff eren  ated progenitor cells, rather than 
on stem cells displaying true stemness. 
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Cretaceous rostrum saw-teeth yield developmental data convergent on oral teeth 
Moya Meredith Smith1,2 , Charlie Underwood, Gareth Fraser, Alex Riley, Zerina Johanson
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Among chondrichthyans, sawsharks (Selachii) and sawfi sh (Batoidea) have convergently evolved feeding structures 
with saw-teeth posi  oned laterally along the extended car  laginous rostrum, but each dis  nct from oral teeth and 
from placoid scales. However, the fossil batoid (ray) Schizorhiza stromeri diff ers from all other rostrum saw-bearing 
taxa in its close-packed, saw-teeth along the lateral margins. These saw-teeth are unique among all rostrum-saws, 
with arrow-shaped crowns dorso-ventrally fl a  ened, long dis  nc  ve, mul  lobed, bifurcated roots, and ba  eries of 
replacement saw-teeth,  ghtly posi  oned below each crown and between the long roots. We inves  gated Schizorhi-
za alongside extant sawfi sh and sawshark rostra for ‘saw-tooth’ addi  on, development, replacement and regular 
structural order, to compare with those of scales and den   ons.  The Schizorhiza rostrum-saw appears to be a 
paradigm for oral teeth derived from placoid scales but represents ‘teeth outside the mouth’ (1). Our aims were to 
determine how these ba  eries of saw-teeth developed, their organiza  on, whether, or not saw-teeth were retained, 
or replaced (1) and if these rostrum saw-teeth were arranged as tooth families comparable to the chondrichthyan 
oral den   on. Especially, we asked if Schizorhiza provided an evolu  onary and developmental link between the oral 
den   on and external skin den  cles.  

New specimens of Schizorhiza (Maastrich  an, Cretaceous, Morocco) were examined using mCT-scanning and 3D 
modeling to obtain novel developmental data from these fossils. We u  lized Aviso 8.1 to calculate the volume of the 
arrow head-like crowns, from cusp to their widest point. Our quan  ta  ve data shows that during growth teeth were 
shed and replaced through cyclical, temporal regula  on; achieved by producing new teeth with progressively larger 
crowns, proximally from the rostrum  p, with a marked increase in saw-tooth numbers. Also, the stacks of succes-
sor saw-teeth, nested between the roots of the predecessor saw-tooth, in developmental order, were visualized as 
mineralized crowns in early development, situated between the root ends and the mineralized, support car  lage of 
the rostrum. The smallest saw-tooth crowns changed posi  on, rota  ng fi rst to lie in the same dorso-ventral plane 
as those of the saw-teeth, then further to the same orienta  on as all crowns, to lie between the bifurcated roots. 

We propose two diff erent sites with odontogenic poten  al: at the growing rostral  p of the saw-edges, dental plac-
odes (bilateral): extended odontogenesis (regenera  on), below replacemen saw-teeth root ends, from stem cell 
niches (epithelial and mesenchymal). We suggest molecular frameworks for serial itera  ve saw-tooth development 
in Schizorhiza , and conclude that this specifi c regulated pa  ern has diversifi ed from a set of organized, rostral skin 
den  cles. This highly specialized saw-edge demonstrates the poten  al developmental plas  city of skin den  cles, 
convergent in evolu  on and dis  nct from the den   on. 

1. Kirkland, J. I. & Aguillón-Mar  nez, M. C. Schizorhiza: a unique sawfi sh paradigm from the Difunta Group, Coahuila, 
Mexico. Rev. Mexicana Cien. Geol. 19, 16–24 (2002).

Oral presenta  ons – Thursday



33

TMD2016

Amelogenesis and Amelogenesis Imperfecta
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The most fundamental process of dental enamel forma  on, the ini  a  on and extension of thin mineral ribbons on 
newly mineralized den  n, was an innova  on that occurred about 400 million years ago and was well-established in 
the lobe-fi nned fi sh ancestral to all tetrapods. Early eff orts to understand amelogenesis centered on characterizing 
the proteins secreted by ameloblasts, which included amelogenin, enamelin, ameloblas  n, MMP20, and KLK4. The 
genes encoding these proteins contribute to the e  ology of non-syndromic forms of amelogenesis imperfecta (AI), 
but in a surprisingly small percentage of cases. Gene  c studies have iden  fi ed many other AI-associated genes, in-
cluding many that cause syndromic forms of AI. These discoveries have advanced our understanding of the normal 
process of amelogenesis, and provide the means for gene  c tes  ng to iden  fy the muta  on(s) that cause AI in indi-
vidual pa  ents. A recent search of Online Mendelian Inheritance in Man (OMIM) iden  fi ed 91 inherited condi  ons 
associated with an enamel phenotype [Wright et al., (2015) JDR 94:52-61]. Many of the genes that cause AI s  ll 
await discovery, so exci  ng new molecular par  cipants in enamel forma  on are steadily being revealed.

Currently 15 genes are associated with non-syndromic AI: autosomal dominant or (ENAM, LAMA3, LAMB3, LAMC2, 
COL17A1, FAM83H, DLX3), autosomal recessive (AMBN, MMP20, KLK4, WDR72, ITGB6, SLC24A4, C4orf26), and 
X-linked (AMELX). A key fi nding has been that heterozygous carriers of muta  ons that cause junc  onal epidermoly-
sis bullosa o  en exhibit isolated enamel defects. Importantly, no pathology is observed the Lama3 null mouse inner 
enamel epithelium where Laminin 332 is normally expressed. The pathology begins when the basement membrane 
becomes fenestrated and is replaced by the mineraliza  on front apparatus. 

Enamel malforma  ons are o  en the fi rst or most apparent phenotype in syndromes. FAM20A is part of a kinase com-
plex in the Golgi that phosphorylates proteins in the secretory pathway, including enamelin and amelogenin. Defects 
in both alleles of FAM20A cause enamel renal syndrome. Defects in both alleles of CNNM4 cause cone rod dystro-
phy and AI. CNNM4 localizes to the basolateral membrane of matura  on stage ruffl  e-ended ameloblasts where it 
exports Mg2+ toward the blood supply, thereby protec  ng the enamel biomineraliza  on from the inhibitory eff ects 
of Mg2+. ORAI1 and STIM1 defects cause immunodefi ciency syndromes and AI. They are the key components for the 
transcellular transport of Ca2+ by matura  on stage ameloblasts. 

Dental enamel forma  on can be disturbed by environmental and systemic infl uences. Children with rubella infec-
 ons can exhibit bands of hypoplas  c enamel that formed during the infec  on. Gene  c altera  ons, notably ones 

that aff ect systemic health, can be associated with enamel malforma  ons even though they are not involved in nor-
mal amelogenesis. Establishing involvement of genes associated with syndromic AI requires evidence and valida  on, 
such as demonstra  on of gene expression in ameloblasts and characterizing the enamel formed in the absence of 
those genes in animal models.

Gene  c studies are advancing our understanding of normal amelogenesis and our ability to iden  fy the muta  ons 
that cause AI in pa  ents, with important implica  ons for interven  on and prognosis. This study is supported by 
NIDCR grant DE015846-12.
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Pathophysiology of Amelogenesis Imperfecta in Familial Hypomagnesemia with 
Hypercalciuria and NephroCalcinosis: func  onal studies in Claudin-16-/- mice. 
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The claudin (CLDN) components of the  ght junc  ons (TJ) were shown to determine the size and ion specifi city of in-
dividual TJ. Among them, claudin-16 (CLDN16, ini  ally called paracellin-1) is expressed primarily in the thick ascend-
ing limb of Henle’s loop in the kidney where, in associa  on with claudin-19, it forms ca  on-selec  ve pore allowing 
paracellular reabsorp  on of Ca2+ and Mg2+. Muta  ons in the CLDN16 gene lead to Familial Hypomagnesemia with 
Hypercalciuria and Nephrocalcinosis (FHHNC) syndrome, a rare and severe disease characterized by renal Ca2+ and 
Mg2+ was  ng leading to renal failure. A great interest has been given to enamel renal syndrome that associates kid-
ney disease and Amelogenesis Imperfecta (AI) with the discovery of a fi rst implicated gene in this syndrome coding 
for the FAM20A golgi kinase (Jaureguiberry et al., 2012). We have recently demonstrated the expression of CLDN16 
in the TJ of murine tooth germs, located at the distal end of secretory ameloblasts, and shown that loss-of-func  on 
muta  ons in the CLDN16 gene resulted in FHHNC and AI (Bardet et al., 2015). AI was diagnosed in 5 unrelated pa-
 ents with CLDN16 muta  ons and the Cldn16 knockout (KO) mice presented similar phenotype. Absence of Cldn16 

strongly modifi ed TJ organiza  on in Cldn16 KO mice and the forming enamel matrix displayed a signifi cantly lower 
pH value when compared with WT, associated with decreased matrix metalloproteinase ac  vity, and accumula  on 
of enamel matrix proteins. We are currently studying the poten  al altera  on of ion transporter expression in Cldn16 
KO enamel organ, which are involved in the pH cycling necessary for normal enamel forma  on. Our preliminary re-
sults indicate that abnormal TJ organiza  on disturbs the permeability of the epithelium to hydrogen ion. Ul  mately, 
this study shows the importance of TJ proteins in tooth forma  on and provides new insights regarding the mecha-
nisms involved in normal or disturbed enamel forma  on. It also opens perspec  ves in the pathophysiology of AI in 
general and enamel disorders associated with systemic disorders. 

Jaureguiberry et al., Nephron Physiology, 2012;122(1-2):1-6.
Bardet et al., J Bone Miner Res, 2015 Oct 1. 
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Forma  on of repara  ve den  ne (den  ne bridge) is a natural repair response to den  ne damage. However, the 
repara  ve process depends on the size of the injury in combina  on to the capping material of choice.  In tooth 
restora  on following deep caries damage a number of new products in use “ are promoted as being |”bioac  ve”. 
These include substances such as “Bioden  ne” (calcium silicate) (Septodent) and MTA (mineral trioxide aggregate) 
(Dentsply). None of these compounds are based on an understanding of the biology of how repara  ve den  ne forms 
and are not formulated to specifi cally promote den  ne forma  on. 

It is established that Wnt signalling plays key roles in the odontoblast secretory stage. Using gene  c mouse models 
we have shown that upregula  on of canonical Wnt signalling enhances repara  ve den  ne produc  on. Based on this 
gene  c data, a system for enhancing repara  ve den  ne forma  on is being inves  gated comprising the applica  on 
of small molecule Wnt signalling agonists.

In order to assay this treatment, we have developed a reproducible system to damage mouse molars. This consists 
on using a dental burr to cut the den  ne then the Wnt agonist (BIO (6-bromoindirubin-3’-oxime) or CHIR99021) is 
added on a commercial available collagen sponge (Kolspon®) that is placed in direct contact to the exposed pulp. We 
show that forma  on of repara  ve den  ne is substan  ally enhanced when Wnt signalling is elevated by the use of 
signalling modulators when compared to MTA resul  ng in an almost complete restora  on of the lesion.

In addi  on to the increase of mineral secre  on, when we inves  gated apoptosis, we could verify diff erences on cell 
death loca  on between molars capped with BIO and MTA, which seems to be related to repara  ve den  ne secre  on 
area.  

This provides a basis for the development of poten  al novel biological-based products for repair of caries lesions.
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Exposure to supra-op  mal levels of fl uoride during the period of tooth forma  on leads to irreversible enamel min-
eraliza  on defects called enamel fl uorosis. In vitro fl uoride can generate excess of protons by accelera  ng mineral 
forma  on; without buff ering this will drop the pH.  A single high dose of fl uoride injected in rodents produces  a 
hypermineralized line followed by a hypomineralized line  in secretory stage enamel depending on fl uoride plasma 
peak levels. A  er plasma fl uoride normalizes enamel mineraliza  on returns to normal and both lines become weak-
er as mineraliza  on proceeds. 

Ameloblasts use chloride (Cl-) in enamel to secrete bicarbonates. Recently we presented evidence sugges  ng that 
hypomineraliza  on of enamel during matura  on stage is associated with a delay in ameloblast modula  on which 
correlated with reduced Cl- levels in enamel. We proposed that forma  on of hypermineralized lines acidifi es enamel 
near the ameloblast apical membranes. Ameloblast respond by enhanced secre  on of bicarbonate at the expense 
of Cl- in enamel. Reduc  on of Cl- in secretory stage will lower the ability of ameloblast in matura  on stage to buff er 
which impairs modula  on. Here we tested whether such mechanism could also operate in forming human enamel 
by examining whether human fl uoro  c teeth contain hypermineralized  lines. 

In order to study this concept, we compared the mineral density of enamel in a group of mildly aff ected ( TF-I) im-
pacted human fl uoro  c molars with that of more severely aff ected (TF-III-IV) molars using MicroCT. High-resolu  on 
micro-computed tomography (HR-μCT) images taken of the original molars were also used to compute virtual 3D 
models of the enamel cap and measure thickness of enamel.

Our results showed that in human fl uoro  c enamel mineraliza  on defects included localized hypomineralized 
sub-surface layers and mul  ple thin hypermineraliza  on lines in deeper layers throughout the enamel,  in vicinity of 
less mineralized enamel. In TF-III-IV enamel, mineral content decreased in inner and outer surface layer but slightly 
increased in the mid enamel compared to TF-I group. In the TF-III-IV teeth the mesio-distal size was also signifi cant-
ly smaller (~18%) than in TF-I teeth, indica  ng a reduc  on of enamel deposi  on during secretory stage of enamel 
development. 

These results support the hypothesis that chronic exposure of children to fl uoride  induces hypermineraliza  on lines 
similarly but less conspicuously as in rodents. The extra protons released by forma  on of these hypermineralized 
lines could be responsible for lowering buff er capacity, delays modula  on and impairs comple  on of enamel miner-
aliza  on in human fl uoro  c  enamel. 
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In vivo and in vitro characteriza  on of ectopic mineraliza  on related to human FAM20A 
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FAM20A pertains to the family with sequence similari  es 20 important for mineraliza  on. The canonic member, 
FAM20C, phosphorylates secreted proteins, blocking mineral deposi  on in so    ssue while enhancing physiological 
biomineraliza  on. FAM20A would be a pseudo-kinase ac  ng indirectly as a FAM20A co-factor.The impact of FAM20A 
gene muta  on is explored here in vivo and in vitro. 

9 pa  ents carrying recessive FAM20A gene muta  ons were recruited at the CRMRMAFACE Center and the study, 
performed under their informed consent and following ethical guidelines and reglementa  on. Pa  ent phenotypes 
were scored. Teeth and gingival samples (+ 4 control pa  ents) collected during pa  ent treatment were studied. 
Gingival fi broblasts from pa  ents carrying 4 FAM20A gene muta  ons and 4 control pa  ents were cultured. Histolog-
ical, von Kossa and alizarin red staining as well as ultrastructural characteriza  on (SEM and TEM + mineral electron 
diff rac  on) was performed. FAM20A and C expression was explored by RT-qPCR and in situ hybriza  on. 

FAM20A and C appeared to be co-expressed in epithelial and mesenchymal compartments of dental, gingival and 
kidney samples. Pa  ents with FAM20A gene muta  ons harboured dis  nc  ve oral (amelogenesis imperfecta, gingival 
hyperplasia with ectopic minerals) and renal phenotypes with varying degrees according to specifi c homozygous/
compound heterozygous FAM20A gene muta  ons. Enamel structures were hypomineralized and desorganized. Nu-
merous gingival mineral deposits were detected as calcium phosphates, with a variable cristallinity depending on 
their (extremely diverse) size both in vivo and in our in vitro cultures of mutated (vs controls) gingival fi broblasts 
Our data show that recessive FAM20A muta  ons lead one unique disease, albeit with variable grades of altered 
biological (enamel) and ectopic (gingiva, kidney) mineraliza  on. FAM20A would be instrumental in a limited set of 
human  ssues and cells in which FAM20A and C are coexpressed. FAM20A might be a co-factor of FAM20C kinase 
as documented for enamel pep  des in vitro thus modula  ng mineraliza  on enhancers and inhibitors in enamel and 
gingival mucosa, respec  vely. This modifi ed microenvironment would lead ectopic mineraliza  on process shown 
here to result from the fusion of independent extracellular foci followed by a sequen  al forma  on of amorphous 
calcium-phosphate and apa  te minerals. Our in vitro model provides access to a kine  c analysis of FAM20A-related 
ectopic mineraliza  on process. 
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Am J Hum Genet. 2011 May 13;88(5):616-20.

Oral presenta  ons – Thursday



38

TMD2016

The branching of odontoblast processes and the produc  on of den  ne tubules
Aki Kallonen1, Jacqueline Emmanuel Moustakas-Verho2*, Ian Corfe2, Keijo Hämäläinen1, Jukka Jernvall2

1 Department of Physics, University of Helsinki, Finland
2  Ins  tute of Biotechnology, University of Helsinki, Finland
* Presen  ng author: Jacqueline.Moustakas@helsinki.fi 

The three-dimensional (3D) rela  onships between den  ne tubules, enamel tubules and enamel prisms is not yet 
fully understood, nor the func  on of the tubules, despite knowledge of their presence for centuries. Previous an-
aly  cal methods have either been in two dimensions, or concern only limited regions of teeth. We have used syn-
chrotron radia  on nanotomography at the European Synchrotron Radia  on Facility to produce 3D models of dental 
ultrastructure with voxel resolu  ons down to 25 nanometres. This allowed quan  fi ca  on of the number, shape and 
3D spa  al rela  onships of prisms and tubules in den  ne, enamel, and across the enamel-den  ne junc  on (EDJ) of 
lower third molars of Mus musculus and Sorex minu  ssimus. In both species, there is a sharp change in angle of both 
enamel and den  ne tubules close to the enamel-den  ne junc  on. Tubules crossing the EDJ are almost perpendicu-
lar to it, whereas they approach the EDJ at an oblique angle. Just den  ne-wards of this angle change, den  ne tubules 
split to form two or more smaller diameter tubules that traverse the EDJ and are con  nuous with equal sized enamel 
tubules. To examine when and how this branching pa  ern of the den  ne tubules is produced, we used confocal mi-
croscopy and the transgenic mouse DMP1-GFP to image the development of func  onal odontoblasts, the cells that 
deposit den  ne. We compare branching of the odontoblast processes at progressive stages of matura  on with the 
fi nal pa  ern of branching observed in the den  nal tubules and propose a model of tubule forma  on in mammalian 
molars.
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Caspase-8 in mandibular bone development
Eva Budisova Svandova1*, Barbora Vesela1 and Eva Matalova1

1Ins  tute of Physiology, University of Veterinary and Pharmaceu  cal Sciences, Brno, Czech Republic
*presen  ng author: evabsvandova@gmail.com

Caspases are cysteine proteases primarily iden  fi ed in apopto  c and infl ammatory processes. In the last years, 
func  ons of these enzymes in other physiological events such as diff eren  a  on, prolifera  on or senesce nce also 
appear. Caspase-8 is an important member of the group of ini  ator caspases but ensures also non-apopto  c and 
even an  -apopto  c func  ons (Kang et al., 2004). In vitro studies showed that osteoblast diff eren  a  on requires 
transient ac  va  on of several caspases including caspase-8 (Mogi and Togari, 2002). Our group examined ac  va-
 on of caspase-8 during development of murine mandibular bone from the embryonic day (E) 12 to postnatal (P) 

day 17 using immunohistochemistry in frontal serial histological sec  ons. Localiza  on of caspase-8 was correlated 
with apopto  c cells (TUNEL), prolifera  ng cells (PCNA) and osteoclasts (TRAP). Addi  onally, inhibi  on of caspase-8 
was performed in explant cultures and the eff ect was evaluated by trichrome staining and TRAP assay. At E12, no 
ac  va  on of caspase-8 was observed in mesenchymal condensa  ons of future mandibular bone. At E13, when the 
bone matrix starts to appear morphologically, caspase-8 ac  va  on was observed for the fi rst  me and persisted up 
to postnatal development. Ac  va  on of caspase-8 was detected in some apopto  c cells. However, there were also 
many non-apopto  c cells and even prolifera  ng cells showing ac  va  on of caspase-8 within the bone. To further 
inves  gate the role of caspase-8 in mandibular bone development, caspase-8 was inhibited in organ cultures of E12 
mandibular slices. Samples were evaluated a  er four days. This pilot func  onal experiment showed decreased bone 
volume and increased number of osteoclasts in inhibited samples compared to untreated controls. Our data demon-
strate ac  va  on of caspase-8 in non-apopto  c cells during mandibular bone development. Based on the results, 
caspase-8 might be involved in diff eren  a  on of bone cells. Underlying mechanisms and exact func  on of caspase-8 
in osteogenesis are subjected to further inves  ga  on.

Supported by the Grant Agency of the Czech Republic (16-18430S).

Kang et al. J Immunol. 2004; 173:2976-2984.
Mogi and Togari. J Biol Chem. 2003; 278:47477-82.
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Friday, June 17

7.00 – 8.30 Breakfast

8.30 – 13.00 Disease Models and Human Gene  cs

8.30 – 9.00 Kris  ina Heikinheimo (University of Eastern Finland, Finland)
“Muta  on landscape of ameloblastoma”

9.00 – 9.25 Silvia Naomi Mitsui (Tokushima University, Japan)
“Conserved C-terminal domain of MSX1 is essen  al for tooth development”

9.25 – 9.50 Rena D’Souza (University of Utah, USA)
“Novel protein replacement therapies cure craniofacial defects in mice”

9.50 – 10.15 Agnes Bloch-Zupan (University of Strasbourg, France)
“Targeted next-genera  on sequencing provides novel insights into the gene  c basis of amelogen-
esis imperfecta”

10.15 – 10.40 Satu Alaluusua (University of Helsinki, Finland)
“DLX3 muta  on associated with severe internal resorp  on of teeth”

10.40 – 11.10 Coff ee Break

11.10 – 11.40 Pascal Schneider (University of Lausanne, Switzerland)
“Pharmacological modula  on of the EDA/EDAR pathway”

11.40 – 12.05 Mary MacDougall (University of Alabama, USA)
“Fam20A Null Mice: A Model of Syndromic Enamel-Renal Syndrome/Amelogenesis Imperfecta 
and Gingival Fibromatosis”

12.05 – 12.30 Safi ye Sarper (Osaka University, Japan)
“Runx signaling is specifi cally involved in the fusion between the primary palate and the second-
ary palate by regula  ng Tg  3 signaling”

12.30 – 12.55 Ali Mentes (Marmara University, Turkey)
“Inves  ga  on of gain, loss/dele  on of genomic copy number variants in children with non-syn-
dromic supernumerary teeth”

13.00 – 14.30 Lunch

15.00 – 18.10 Developing Interac  ons

15.00 – 15.10 Frederic Michon (University of Helsinki, Finland)
“Opening words: The Finnish School of Developmental Biology”

15.10 – 15.35 Jukka Jernvall (University of Helsinki, Finland)
“The past and future of the enamel knots”

15.35 – 16.00 Hidemitsu Harada (Iwate Medical University, Japan)
“Contact inhibi  on of locomo  on via EMT by TGF-Rho signal leads to genesis of Epithelial cell 
rests of Malassez from Hertwig’s epithelial root sheath”

16.00 – 16.30 Coff ee Break

16.30 – 16.55 Anamaria Balic (University of Helsinki, Finland)
“Role of Foxi3 in incisor and cervical loop development”

16.55 – 17.20 Pekka Nieminen (University of Helsinki, Finland)
“Advancing the understanding of tooth agenesis”

17.20 – 17.45 Marja Mikkola (University of Helsinki, Finland)
“Ectodysplasin research: past, present and future”

18.10 – 18.20 Closing words from the organizing commi  ee

19.30  Gala Dinner
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Muta  on landscape of ameloblastoma
Kris  ina Heikinheimo

Department of Oral and Maxillofacial Surgery, Ins  tute of Den  stry, University of Turku and Turku University Hospital, Turku, 
Finland and Department of Oral Diagnos  c Sciences, Ins  tute of Den  stry, University of Eastern Finland and Kuopio University 
Hospital, Kuopio, Finland

Ameloblastoma is an odontogenic neoplasm with predilec  on for the posterior mandible. Ameloblastoma shows 
dental iden  ty as seen by expression of early dental epithelial transcrip  on factors such as PITX2, MSX2, and DLX1-
4, also poin  ng out to its origin from dental lamina.  Ameloblastoma grows slowly, is locally invasive, and has a 
high recurrence rate, especially if not adequately removed at ini  al surgery. Therefore, the treatment of choice 
is jaw resec  on, which o  en results in signifi cant morbidity.  The pathogenesis of ameloblastoma has remained 
poorly understood un  l recently, when high frequency of MAPK pathway muta  ons were reported in ameloblasto-
ma.  Furthermore, exclusivity of the BRAF V600E and the KRAS, NRAS, HRAS, FGR2 muta  on fi ndings within a sin-
gle ameloblastoma further underlines the importance of MAPK signaling pathway in ameloblastoma pathogenesis. 
Other, possibly secondary muta  ons, detected in ameloblastoma included SMO, PIK3CA, CTNNB1 and SMARCB1. 
In conclusion, unraveling the muta  on landscape of ameloblastoma off ers novel gene  c markers for diagnosis and 
prognos  fi ca  on and a ra  onale for targeted treatment of ameloblastoma with specifi c BRAF- EGFR-, MEK- or SMO 
inhibitors, many of which are currently in therapeu  c use or in clinical trials.
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Conserved C-terminal domain of MSX1 is essen  al for tooth development
Silvia Naomi Mitsui1*, Akihiro Yasue1, Kiyoshi Masuda2, Takuya Naruto2, Seiichi Oyadomari3, Sumihare Noji4, Issei Imoto2, Eiji 
Tanaka1

1 Department of Orthodon  cs and Dentofacial Orthopedics, Ins  tute of Biomedical Sciences, Tokushima University Graduate 
School, Japan
2 Department of Human Gene  cs, Ins  tute of Biomedical Sciences, Tokushima University Graduate School, Japan
3 Division of Molecular Biology, Ins  tute for Genome Research, Tokushima University, Japan
4 Center for Collabora  on among Agriculture, Industry and Commerce, Tokushima University, Japan
*Presen  ng Author: c301251003@tokushima-u.ac.jp 

Several muta  ons, mainly aff ec  ng the homeodomain of MSX1, have been iden  fi ed in non-syndromic tooth agen-
esis. However, we iden  fi ed a novel frameshi   muta  on in a Japanese family with non-syndromic tooth agenesis, 
a  ec  ng highly conserved C-terminal domain of MSX1, known as Msx homology domain 6 (MH6).

To inves  gate the importance of MH6 in craniofacial development, MH6 was targeted using CRISPR/Cas system in 
mice. sgRNA designed upstream of MH6 and Cas9 encoding mRNA were coinjected into the cytoplasm of the fer-
 lized eggs, collected a  er ma  ng superovulated female BDF1 (C57BL/6 x DBA2) with stud males. A  er overnight 

culture, the resul  ng two-cell embryos were transferred into the oviducts of pseudopregnant MCH(ICR). A  er veri-
fi ca  on of the correct targe  ng by sequencing of the founders with mosaic alleles, mice were mated with wild-type 
to achieve germ line transmission of the alleles. The obtained mice were mated each other to generate homozygous 
samples. Histological sec  ons and μCT were analysed to study the phenotype. 

MH6 was sa  sfactorily disrupted using CRISPR/Cas system in mice. Two diff erent phenotypes were observed in the 
coronal sec  ons of homozygous mice at E16.5: one with only agenesis of lower incisors, and another combined with 
cle   palate. In addi  on to the lower incisor agenesis, absence of upper third molars, lower second and third molars 
were observed in the μCT images of 4-week-old mice. Although the upper second molar was present, it was smaller 
in size comparing with wild-type or heterozygous.

MH6 is important for tooth and palate development. CRISPR/Cas system can be a useful method to verify genotype/
phenotype correla  on of disorders aff ec  ng craniofacial structures and to study the importance of conserved do-
mains in diff erent genes. 
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Novel Protein Replacement Therapies Cure Craniofacial Defects in Mice
Shihai Jia1, Jing Zhou1, John Bonds2, Gabriele Mues2, Pascal Schneider3 and Rena D’Souza1*

1University of Utah, Salt Lake City, Utah, USA
*Presen  ng author: rena.dsouza@hsc.utah.edu

In the past decade, remarkable advances in understanding the human genome’s contribu  on to health and disease 
have spurred innova  ons in ‘gene  c medicine’, including safe and eff ec  ve therapies for single-gene disorders. The 
goal of our research is to develop and test replacement therapies using small molecules/proteins that target the Wnt 
pathway in mouse gene  c models of cle   palate and tooth agenesis, as the fi rst step for transla  on into treatments 
for analogous human disorders. We fi rst assessed the safety and dosage of WAY-262611 and its ability to correct 
cle   palate and tooth agenesis in Pax9-/- mice. WAY-262611 is a Dkk1 inhibitor and a proven Wnt agonist that crosses 
the placenta and cell membranes because of its small size (MW: 318) and hydrophobic proper  es. Daily injec  ons 
of 12.5 mg/kg of WAY-262611 via the tail veins of Pax9+/- pregnant mice, which were mated with Pax9+/- males, from 
E10.5 to E14.5 were found to consistently rescue cle   palate. Interes  ngly, tooth buds only progressed to the early 
cap stage in the Pax9-/- embryos. WAY-262611 had no adverse eff ects on the mothers or the control li  ermates. 
Control experiments showed that a small molecule Bmp agonist failed to rescue either defect in Pax9 mutant pups 
and that WAY-262611 had no eff ect on either cle   palate or tooth agenesis in Msx1 mutant mice. To elucidate the 
molecular mechanisms underlying the cure of cle   palate, we assessed whether the therapy could ac  vate endoge-
nous canonical Wnt signals in developing palate shelves. Pax9+/- mice were mated with Pax9+/-; Axin2LacZ mice and 
treated with the Wnt agonist. Increased ac  vity of Wnt signaling was seen by LacZ staining in the forming palatal 
shelves of treated Pax9-/- embryos compared with non-treated samples. Further, compara  ve RNAseq analysis were 
performed on developing palatal  ssues between Pax9+/+ and Pax9-/- embryos as well as between control and treated 
groups. The analysis showed that the protein replacement therapy did alter Dkk1 inhibi  on of Wnt pathway genes. 
Collec  vely, these data provide the feasibility and framework for transla  onal studies that will further assess the re-
la  onship between Pax9 and the Wnt signaling pathways in craniofacial development. Importantly, they establish a 
new paradigm for crea  ng novel therapeu  cs for clinical interven  ons in humans. [Dr. Rulang Jiang provided pax9+/- 
breeding pairs; This project is supported by NIH/NIDCR Grant DE019471 to RDS].
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DLX3 muta  on associated with severe internal resorp  on of teeth
Satu Alaluusua1*, Heikki Alapulli1, Hannaleena Havia2, Pekka Nieminen1

1Ins  tute of Den  stry, University of Helsinki, Helsinki, 2Turku University Hospital, Turku, Finland
*Presen  ng author: Satu. Alaluusua@helsinki.fi 

Internal resorp  on may involve the coronal or the radical por  ons of the tooth. A variety of environmental factors 
have been implicated in internal resorp  on. In some cases hereditary infl uence has been discussed but not con-
fi rmed. 

Tricho-dento-osseous syndrome (TDO) is an autosomal dominant condi  on characterized by anomalies in hair, teeth 
and bone. Common manifesta  ons in teeth are taurodon  c molars, enamel hypoplasia and/or hypomineraliza  on 
and dental infec  ons. Muta  ons in DLX3, a homeodomain transcrip  on factor gene, is associated with TDO. Sofar 
six heterozygous muta  ons in the DLX3 gene has been found. We present a novel muta  on causing TDO in a Finnish 
family. A unique clinical feature is severe internal resorp  on in the coronal por  on of incisor teeth. 

Two sisters were sent for treatment because of internal coronal resorp  on. The fi rst signs of “pink teeth” appeared 
at the age of 11 in the proband and at the age of 12 years in her sister. The brother, 7.5 yrs old, did not have internal 
resorp  on but he as well as his sisters had taurodon  c molars. Enamel opaci  es were present. The father had only 
mild taurodon  a in the second permanent molars, but no internal resorp  on. The hair of the aff ected children was 
curly and sparse. The color was blond or light brown. Eyelashes were long and curly. Bone structure in panoramic 
radiographs was normal. The mother of the family did not have signs of TDO or dental anomalies.

Saliva samples for the DNA analyses were obtained from all fi ve family members and exons of DLX3 were amplifi ed 
and sequenced by fl uorescent dideoxytermina  on. DNA analysis revealed that the father and all three children had a 
heterozygous c.431T>A transversion in exon 2 causing replacement of a codon of leucine at posi  on 144 by a codon 
of glutamine in the homeodomain of DLX3. Bioinforma  c analyses by SIFT and Polyphen2 indicated p.Leu144Gln as 
a harmful change with maximum scores. The mother did not have this muta  on. The results suggested autosomal 
dominant mode of inheritance. 

Suspicion of TDO in the present study was aroused originally from taurodon  c molars. We found a novel muta  on 
in the DLX3 gene that was associated not only with taurodon  c molars but also with coronal internal resorp  on.
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Pharmacological modula  on of the EDA/EDAR pathway.
Pascal Schneider

Department of Biochemistry, University of Lausanne, CH-1066 Epalinges, Switzerland.

Ectodysplasin A (EDA) is a TNF family ligand important for development and/or morphogenesis of several ecto-
dermal appendages such as teeth, hair or sweat glands. Gene  c defi ciencies in the EDA - EDAR receptor (EDAR) 
signaling pathway cause syndromes of hypohidro  c ectodermal dysplasias (HED). Among other symptoms, pa  ents 
have insuffi  cient number of sweat glands, leading to heat intolerance, hypodon  a, and frequent upper respiratory 
tract infec  ons resul  ng from impaired mucocilliary clearance of air borne pathogens. EDA is an important eff ector 
of canonical Wnt signaling, and EDAR is coupled to ac  va  on of the transcrip  on factor NF-kB. Fusion of the recep-
tor-binding domain of EDA to the Fc por  on of an immunoglobulin yields a biologically ac  ve recombinant ligand 
that has the ability to cross the placental barrier via Fc receptor-mediated mechanisms. Agonist an  -EDAR can also 
mimic the ac  on of the ligand. In contrast, soluble forms of EDAR (EDAR-Fc) or func  on blocking an  -EDA an  bodies 
have the opposite ac  on of blocking EDA. Using these tools, EDA signaling was induced for periods of just 24 h in 
Eda-defi cient mice at various stages of gesta  onal or po st-natal life, revealing that diff erent EDA-dependent struc-
tures have dis  nct and o  en non-overlapping  me windows for induc  on. These results also highlight how the fi rst 
molars impact those that form later. Once induced, even by a short pulse of EDA, structures such as hair or sweat 
glands then persist for the en  re life of the animal, even in the complete absence of EDA. However, EDA expression is 
maintained in adults, where we found that it s  mulates pre-exis  ng hair-associated sebaceous glands. A comparison 
of the outcome of treatment with EDAR agonists in diff erent species of mammals will also be men  oned.
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Fam20A Null Mice: A Model of Syndromic Enamel-Renal Syndrome/Amelogenesis 
Imperfecta and Gingival Fibromatosis
M. MacDougall, S. Sheibley1, J. Holsey, P. Sohn and O. A. Mamaeva 

Ins  tute of Oral Health Research, School of Den  stry, Science and Technology Honors Program, Department of Chemistry 1, 
University of Alabama at Birmingham, Birmingham, Alabama, U.S.A.

FAM20A muta  ons are associated with syndromic autosomal recessive forms of amelogenesis imperfecta (AI) termed 
Enamel-Renal Syndrome (ERS; MIM#204690) or AI and Gingival Fibromatosis (AIGFS). These disorders present with 
numerous oral/dental features: discolored/ hypoplas  c enamel, fl at molar occlusal surfaces, pulpal calcifi ca  ons, 
delayed tooth erup  on and resorp  on, shorter o  en curved roots, enlarged dental follicles and gingival overgrowth. 

FAM20A, located on human chromosome 17q24.2, contains 11 exons that are alterna  vely spliced producing three 
isoforms (V1-3). The full-length transcript (V1) encodes a protein of 541 amino acids (aa) while V3 encodes a 404 
aa protein. FAM20A belongs to a family containing three members (FAM20A, FAM20B and FAM20C) iden  fi ed by 
sequence similarity to human four-jointed (Fjx1).  FAM20C is a Golgi casein kinase that phosphorylates secretory 
pathway proteins with S-x-E mo  fs such as the bone/den  n SIBLINGS proteins and enamel proteins. FAM20C mu-
ta  ons cause a lethal autosomal-recessive osteosclero  c bone dysplasia called Rainer syndrome (OMIM#259775). 

Limited analysis of adult (14 and 28 weeks) Fam20a knockout lacZ knockin mice showed enamel defects, fl at molars 
and dysplas  c ameloblasts (Vogel et al., 2014), while other  ssues examined appeared normal. The shared pheno-
types observed in mouse and man suggests that FAM20A plays a cri  cal role in enamel secre  on, matura  on and 
mineraliza  on; although it’s dis  nct role in amelogenesis remains undetermined.  In this study we performed ex-
tensive characteriza  on of the Fam20a knockout (-/-) mice compared to wild-type (WT,+/+) and heterozygous (+/-) 
li  ermates focusing on the early stages of amelogenesis and expand the iden  fi ed dental phenotypes. Fam20A KO 
mice were breed, pups collected at 1-28 days postnatal (PN) and genotyped. Tissues were isolated, photographed, 
fi xed and prepared for histology. Molars were isolated, mRNA isolated and converted to cDNA for qRT-PCR analysis. 
Radiography, microcomputed tomography (mCT), scanning electron microscope, EDX element microanalysis and 
von Kossa staining was performed to assess morphology, mineraliza  on and element content. Immunohistochemis-
try (IHC) was performed (1- 5 days PN) using specifi c an  bodies against Fam20A, amelogenin, ameloblas  n, E- and 
N-cadherin. 

Fam20a-/- mice had a broadened dental/oral phenotype: incisors were chalky white; molars (more severely aff ected) 
had only a thin layer of mineralized enamel with a globular appearance and acute abrasion of the cusps. Molars had 
a delay in root forma  on and tooth erup  on, with grossly enlarged dental follicles, and overgrown gingival  ssue. 
Fam20a protein was not detectable in Fam20a-/- mice. Amelogenin and ameloblas  n localiza  on, normal at 1 day 
PN, was grossly dysregulated by 3 days PN in Fam20a-/- mice. Ameloblast cytodiff erenta  on was advanced in null 
mice with the cell layer becoming uncoupled from the matrix, forming tumor-like epithelial structures that under-
went ectopic mineraliza  on. Premature ameloblast apoptosis was also observed in null mice. The gingiva and molar 
dental follicles were hyperplasic with ectopic mineraliza  on that is also seen in the pulp and periodontal ligament. 

This study shows that FAM20A is cri  cal for the normal ameloblast cytodiff eren  a  on, produc  on of the enamel 
matrix and mineraliza  on. Altered amelogenin and ameloblas  n localiza  on likely contributes to the dental/oral 
phenotypes seen in Fam20a null mice leading to the ectopic mineraliza  on both internal and external to the dystro-
phic enamel organ. 
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Runx signaling is specifi cally involved in the fusion between the primary palate and the 
secondary palate by regula  ng Tg  3 signaling
Safi ye Esra Sarper¹*, Hiroshi Kurosaka¹, Kiyomi Mihara¹, Takashi Yamashiro¹

¹Osaka University, Graduate school of Den  stry, Department of Orthodon  cs and Dentofacial Orthopedics, Osaka, Japan
* Presen  ng author:  sarper.se@dent.osaka-u.ac.jp 

The mammalian palate is formed from the primary and the secondary palate and the failure in fusion at this bound-
ary causes anteriorly-limited cle   palate. It is known that palatal fusion is regulated in diff erent manner in the ante-
rior-posterior axis, however, it should be s  ll addressed more how the primary palate fuses with the fused secondary 
palate. Runx1 is a member of the Runx family genes, which is known to be a master transcrip  on factor for hema-
topoie  c development. Recent studies demonstrated that Runx signaling is also associated with morphogenesis 
of various developing organs. We previously showed that Runx1 is specifi cally expressed at the fusing epithelium 
during palatogenesis and Runx1 defi ciency results in incomplete cle  ing only at the anterior junc  on between the 
primary and the secondary palate, but not in the junc  on between the palatal process in the secondary palates. In 
this study we further inves  gated the mechanisms of Runx1-associated palatal fusion including molecular network 
using epithelial specifi c Runx1 knock out mice (K14Cre;Runx1fl ox/fl ox). Similar to our previous report, K14Cre;Runx-
1fl ox/fl ox mice exhibited anteriorly-limited cle   palate which suggests region specifi c associa  on of Runx1 during 
palatal fusion. Interes  ngly, Tg  3 which plays cri  cal roles during palatal fusion showed signifi cant downregulated 
only in the primary palate, but not in the secondary palate. Such spa  al downregula  on of Tg  3 also accompanied 
the spa  ally specifi c downregula  on of Mmp-13 and Fgf9, downstream targets of Tg  3 signaling in the palate. Fur-
thermore, epithelial apoptosis and the underlying-mesenchymal prolifera  on was disturbed in the mutant primary 
palate. In addi  on, reintroduced TGFB3 rescued the defects in the fusion of the mutant palate in the culture, with re-
covering of Mmp-13 and Fgf9 mRNA expression in the primary palate. These results suggest epithelial Runx1 during 
palatogenesis regulates expression of Tg  3 in a region specifi c manner that is governing anterior palatal fusion.
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Inves  ga  on of Gain, Loss/Dele  on of Genomic Copy Number Variants in Children with 
Non-syndromic Supernumerary Teeth
Ali Mentes1*, Barhan Pekel1, Mehtap Çevik2, Meliha Koldemir2 and Belgin Süsleyici Duman2

1 Department of Pediatric Den  stry, Marmara University, Istanbul, Turkey
2 Department of Molecular Biology, Marmara University, Istanbul, Turkey
*Presen  ng author: alimentes@gmail.com

Non-syndromic Supernumerary Teeth (NST) are common dental anomalies with a prevalence from 0.5% to 5.3%. 
E  ology of NST forma  on supposed to be correlated to specifi c gene  c and developmental problems which are yet 
to be discovered. Microarray based compara  ve genomic hybridiza  on (aCGH) is a molecular cytogene  c technique 
for the detec  on of chromosomal copy number changes on a genome wide and high-resolu  on scale. We aimed to 
study copy number variants (CNV) in a group of child pa  ents with NST using aCGH with genomic DNA (gDNA) from 
saliva samples. 

17 pa  ents; 10 boys, 7 girls (aged between 8-11) who were diagnosed with NST in the premaxillary region using clin-
ical and/or radiographic examina  ons were selected from children a  ending to the Pediatric Den  stry Department 
of Marmara University, Istanbul, Turkey. This study was approved by the ethical commi  ee of Medical Faculty, Mar-
mara University (no:B.30.2.MAR.0.01.02/AEK/130001789). Ten ml of saliva were collected for the gDNA isola  on. 
Saliva samples from a male and female members of our colleagues were used as reference DNA. gDNA isola  on 
completed using High Pure PCR Template Prepara  on Kit (Roche). gDNA concentra  ons measured by a nanodrop 
analyzer (Nanophotometer, Implen) with an average of 68,9 ng/μl. All samples were labelled, specifi c ac  vi  es cal-
culated and low valued samples were excluded from the experiment yielding 7 male and 5 female samples. aCGH 
was performed using Agilent 4x180K pla  orm. Gene loca  ons detected with 3 or more probes were selected having 
signifi cant P-values. All data were analyzed using Agilent Cytogenomics so  ware. Results were checked one by one 
to exclude telomere and centromere regions due to expected degrada  on of gDNA in saliva samples.

In 17 chromosomes 34 CNV regions were found to have copy gain or loss/deleted. The CNV gain was observed in 
10 pa  ents (6 male, 4 female), for chromosomes 1, 2 3, 4, 5, 6, 7, 8, 9, 10, 13, 15, 16, 17, 22, and X. In 2 pa  ents 
CNV gain was determined in the same cytobond (15q11.1-q11.2) where pseudogenes (GOLGA8C, HERC2P3, NF1P1, 
LOC646214) and genes (BCL8, GOLGA6L6, POTEB) were the same.  The CNV loss/dele  on was observed in 6 pa  ents 
(3 male, 3 female), for chromosomes 2, 3, 6, 8, 11, 17, 19, 22 and X. Genes which are known to be related with bone 
development and remodeling have been found to be amplifi ed such as BMP2K, BMPR1A, LRP5L. In one pa  ent gain 
for the gene ADAMTS2, known to be related with Ehlers-Danlos syndrome type VIIC, was detected without any other 
clinical evidence. LTBP4, MAP3K10, MIA, PLD3, WNT7B were found to be loss in copy number which were involved 
in tooth agenesis in literature. 

Our study revealed that CNV gain was more prominent than loss in children with NST. Determina  on of these genes 
may open new horizons on t ooth regenera  on.
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The Finnish School of Developmental Biology
Frederic Michon

Ins  tute of Biotechnology, University of Helsinki, Finland

Despite the sparse popula  on of Finland, Nordic country ruled by Sweden and Russia un  l the early 20th century, the 
Finnish scien  fi c history is dense and reaches most of the fi elds.

Developmental biology ques  ons were introduced through the work of the Prof. Palmén in 1883 on the genital duct 
forma  on in the insects. Moreover, he encouraged his students to undertake embryological research. Here, I will 
present the tree of developmental biologists stemming from Prof. Palmén and leading to the outstanding research-
ers pursuing the experimental embryology research in Finland. This historical trip will demonstrate the essen  al 
contribu  on of the Finnish school of developmental biology, specifi cally on  ectodermal organ morphogenesis.
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The past and future of the enamel knots
Jukka Jernvall 

Ins  tute of Biotechnology, University of Helsinki, Finland

The enamel knot has a long history in the literature, spanning over 100 years. Probably because being very transient 
structures, the role, signifi cance, and even existence of enamel knots has been reinterpreted repeatedly. With the 
advent of developmental gene  cs and data on gene expression pa  erns, enamel knots returned from typological 
obscurity. Currently enamel knots provide the basis for pa  erning cascade models of tooth shape regula  on, but 
several ques  ons remain. I will review briefl y the history of the enamel knot, and some current and future research 
direc  ons related to enamel knots.

Oral presenta  ons – Friday



51

TMD2016

Contact inhibi  on of locomo  on via EMT by TGF-Rho signal leads to genesis of Epithelial 
cell rests of Malassez from Hertwig’s epithelial root sheath. 
Hidemitsu Harada1 *, Naoki Fujiwara1, Yoshinori Sahara2, Kyoko Oka3, Mika Kumakami-Sakano 1 and Keishi Otsu1

1 Division of Developmental Biology and Regenera  ve Medicine, Department of Anatomy, Iwate Medical University, Japan
2 Sec  on of Cellular Physiology, Department of Physiology, Iwate Medical University, Japan
3 Sec  on of Pediatric Den  stry, Department of Oral Growth and Development, Fukuoka Dental College, Japan
*Presen  ng author: hideha@iwate-med.ac.jp  

We had studied the molecular mechanisms of root development (Kumakami-Sakano M, et al., Exp Cell Res. 2014). 
During root growth in tooth development, Hertwig’s epithelial root sheath (HERS) is known to produce epithelial 
cell rests of Malassez (ERM) in harmony with driving the growth of root den  n and periodontal  ssue. However, the 
molecular mechanism of ERM genesis has been controversial between epithelial-mesenchymal transi  on (EMT) and 
apopto  c theory for long  me. Here, we observed EMT and contact inhibi  on of locomo  on (CIL) in the process of 
ERM genesis from HERS using live cell imaging of root surface. CIL is known as the process through which cells move 
away from each other a  er cell-cell contact, and it contributes to malignant invasion of tumor and developmental 
migra  on of neural crest cells. The imaging showed that some cells departed from HERS at the crown side of HERS, 
and migrated into periodontal  ssue, and a  er that, some migratory cells re-aggregated and formed epithelial col-
onies like ERM. In co-culture experiments of HERS and dental follicle cells, some epithelial pre-migratory cells and 
migratory cells expressed mesenchymal markers (N-cadherin, vimen  n), and whereas non-migratory cells expressed 
E-cadherin. Tgf-βand ROCK inhibitors s  mulated the cell migra  on and up-regulated the gene-expression of mes-
enchymal markers. In vitro organ culture, Tgf-βinhibitor and Rho ac  vator inhibited the migra  on from HERS and 
induced the elonga  on of HERS. Based on these results, we coin new hypothesis that ERM develop by the combina-
 on of EMT and CIL of HERS during root development, not by the fragmenta  on of HERS. The observa  on provides 

insight into the new molecular mechanisms of epithelial organogenesis, and understanding the mechanisms of root 
development will contribute to the study of the disease and dental regenera  ve medicine.
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 Role of Foxi3 in incisor and cervical loop development
M. Jussila, A. Balic, A. Alto, I. Thesleff 

Ins  tute of Biotechnology, University of Helsinki, Helsinki, Finland
Presen  ng author: anamaria.balic@helsinki.fi 

Foxi3 is a member of the superfamily of Forkhead box transcrip  on factors exclusively expressed in the epithelium 
of several ectodermal appendages, including teeth. Condi  onal epithelial dele  on of Foxi3 (Foxi3 cKO) leads to 
fusion of molars with abnormally pa  erned shallow cusps. We have analysed Foxi3 expression during incisor tooth 
development and found it expressed in the dental epithelium at all stages of the tooth development, as well as in 
the fully developed adult incisor. At the ini  al stages Foxi3 was expressed in the en  re epithelium, but with the 
progression of tooth development the domain became more restricted to the proximal por  on of the developing 
incisor including labial cervical loop. In the adult tooth Foxi3 expression was limited to the labial cervical loops with 
the strongest signal in the transient amplifying cell area. At all stages analysed no Foxi3 expression was detected in 
the mesenchyme or in ameloblasts. Condi  onal epithelial dele  on of Foxi3 resulted in various degrees of abnormal 
incisor development ranging from total loss of the lower incisor (approximately 11% of Foxi3 cKO mutant mice) to 
the development of small, misshapen and white-colored incisors. Histological analysis demonstrated lack of polar-
ized ameloblasts and enamel, while the disorganized odontoblast layer s  ll produced den  n. The cervical loops of 
Foxi3 cKO mutant mice incisors were signifi cantly smaller and lacked the major por  on of stellate re  culum. Smaller 
cervical loops were not caused by decreased cell prolifera  on, since BrdU incorpora  on analysis demonstrated no 
signifi cant diff erence in the percentage of BrdU-posi  ve cells in the inner and outer dental epithelium of Foxi3 cKO 
compared to control incisors. Intriguingly, there were rela  vely more prolifera  ng cells in the stellate re  culum of 
the Foxi3 cKO incisors compared to controls. Analysis of various molecular markers demonstrated striking reduc  on 
of Shh expression, followed by the decreased expressions of Gli1 and Ptch1. At the same  me the expression of 
Sfrp5 and Sox2 extended beyond the normal boundaries, and pSMAD was reduced. In addi  on, we have analyzed 
expression of various mesenchymal markers, including Fgf9, Fgf10 and Tbx1 and found no signifi cant diff erences in 
their expression between the Foxi3 cKO and control incisors. These data suggest changes in the cell popula  ons that 
cons  tute labial cervical loop that lead to the decreased size of the loop and altered amelogenesis. They suggest 
Foxi3 as an important factor for the establishment and proper pa  erning of incisor labial cervical loops.
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Advancing the understanding of tooth agenesis
Pekka Nieminen1 and Sirpa Arte1

1Department of Oral and Maxillofacial Diseases, University of Helsinki. Finland
Presen  ng author: pekka.nieminen@helsinki.fi 

Despite considerable amount of knowledge has been acquired on gene  cs of tooth agenesis, congenital lack of 
teeth, there s  ll remains a considerable gap. While gene  c causes of great majority of syndromic forms have been 
clarifi ed, signifi cant por  on of e  ology of isolated tooth agenesis s  ll remains unravelled, due to the apparent com-
plexity and gene  c heterogeneity. Knowledge has been acquired for specifi c types of isolated tooth agenesis by 
muta  onal analyses of candidate genes based on animal models and syndrome genes, and to a limited extent by 
genome-wide methods. Recently, new sequencing technology has facilitated the genome-wide approaches also in 
studies of tooth agenesis.

We have applied linkage analysis, candidate gene sequencing and next genera  on sequencing (NGS) to tooth agen-
esis in our Finnish cohort of families and pa  ents. Our results are largely similar to those from studies elsewhere. 
Signifi cant por  on of severe tooth agenesis (oligodon  a) is explained by biallelic or heterozygous muta  ons in WN-
T10A, which also contribute to common hypodon  a. Muta  ons in EDA and EDAR are associated especially with spe-
cifi c agenesis aff ec  ng deciduous and permanent anterior teeth. In dominantly inherited oligodon  a, muta  ons in 
transcrip  on factor genes MSX1 and PAX9 are  common. A minor contribu  on of dominant oligodon  a is explained 
by muta  ons in AXIN2 which also predispose to cancer. Muta  ons in these genes have been detected in approxi-
mately one half of  our Finnish cohort of oligodon  a.

We have u  lized both exome and candidate gene-based designed targe  ng followed by NGS to our muta  on-nega-
 ve pa  ents including oligodon  a and hypodon  a. The results suggest muta  ons in further genes involved in WNT 

signalling. For example, candidate gene-targeted NGS revealed three frameshi   and two missense muta  ons in the 
WNT coreceptor gene LRP6, all heterozygous. All pa  ents had oligodon  a but the phenotypes were variable  and all 
tooth classes including canines could be aff ected. In line with a report of similar muta  ons in a Dutch study, these 
fi ndings suggest a contribu  on of LRP6 to dominantly inherited oligodon  a comparable to those of MSX1 and PAX9. 
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Ectodysplasin research: past, present and future
Marja Mikkola

(University of Helsinki, Finland)

Ectodysplasin (Eda) is a signaling molecule of the tumor necrosis factor superfamily with a cri  cal role in the devel-
opment of ectodermal appendages including teeth. Twenty years ago, Eda was iden  fi ed as the causa  ve gene in 
the gene  c disease X-linked hypohidro  c ectodermal dysplasia. Eda, its receptor Edar, and intracellular signaling me-
diator Edaradd form a linear pathway culmina  ng in the ac  va  on of the transcrip  on factor NF-kappaB. Research 
on the Eda pathway has increased our knowledge on tooth morphogenesis, e  ology of developmental disorders, as 
well as evolu  on of several vertebrate species including humankind. In my talk, I will present some past and present 
highlights of the research on this pathway and discuss some of the outstanding ques  ons to be answered in the 
future.
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DLX3;DLX4 dele  on associated with severe internal resorp  on of the incisor teeth 
Heikki Alapulli12*, Satu Alaluusua1, Pekka Nieminen1 

1Department of Oral and Maxillofacial Diseases, University of Helsinki, 2Department of Oral and Maxillofacial Diseases, Helsinki 
University Hospital, Finland  
*Presen  ng author: heikki.alapulli@hus.fi  
 
A variety of factors like dental trauma, restora  ve procedures and orthodon  c treatment have been associated with 
internal resorp  on of teeth. Some  mes the ae  ology remains unknown. Tricho-dento-osseous syndrome (TDO) is 
an autosomal dominant condi  on characterized by anomalies in hair, teeth and bone and is caused by muta  ons in 
the homeobox-containing gene DLX3. In mouse, Dlx3 and its nearby residing paralogue Dlx4 are expressed during 
epithelial-mesenchymal interac  ons associated with bone and tooth morphogenesis and skeletal pa  erning. We 
present a Finnish family with clinical characteris  cs typical of TDO and with a tendency to the severe internal resorp-
 on of permanent incisors.

The proband was referred to the Ins  tute of Den  stry, University of Helsinki, at the age of three years, because of 
the early exfolia  on of the primary teeth. At the age of ten two otherwise healthy upper incisors had severe inter-
nal resorp  on. Before the age of 17 years he had lost three permanent incisors because of the resorp  on and later 
two more incisors were aff ected. His iden  cal twin brother had internal resorp  on of the lower permanent central 
incisors at the age of nine years. Later on his upper central incisors also became aff ected. Both twins had taurodon-
 c molars. Enamel was slightly yellowish but not hypoplas  c. The aff ected twins were both bald at the age of forty. 

Four of the fi ve children of the twins were aff ected. The son of the proband had internal resorp  on in the lower le   
central incisor at the age of 14 years and two years later in upper right central incisor. The younger brothers or the 
cousin did not have internal resorp  on in their teeth but they had taurodon  c molars. Children’s teeth had local 
enamel opaci  es, their hair was curly and sparse and the color was blond or light brown. Their eyelashes were long 
and curly. 

Sequencing of the DLX3 coding regions did not reveal any pathogenic altera  ons. However, we did not detect any 
heterozygosi  es in the muta  onal analyses of exons and fl anking intronic sequences in the aff ected family members 
sugges  ng a possibility of a large dele  on. We subsequently analyzed several regions containing informa  ve SNPs 
within the DLX3 gene and detected presence of homozygosi  es and apparent non-Mendelian inheritance in several 
regions. The process delineated the range of loss of heterozygosity and enabled iden  fi ca  on of the dele  on break-
points. The dele  on spans both DLX4 and DLX3 genes, and the breakpoints are 68 kbp centromeric from the DLX4 
and 12.5 kbp telomeric from DLX3. 

In summary, we found a large heterozygous dele  on containing both DLX3 and DLX4 associated with clinical charac-
teris  cs of the TDO but also with the severe internal resorp  on of permanent incisor teeth. To our knowledge, this 
is the fi rst report of associa  on of internal resorp  on with TDO. The role of involvement of DLX4 in the disease will 
be discussed.
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Intra- and inter-specifi c varia  ons in dental morphology during development and 
evolu  on in Lagomorpha
Ludivine Bertonnier-Brouty1, 2*, Laurent Viriot1, Cyril Charles1

1 Evolu  on of Vertebrate Den   on, Ins  tut de Génomique Fonc  onnelle de Lyon, ENS de Lyon, France. 2 Master BioSciences, 
Département de Biologie, École Normale Supérieure de Lyon, UCB Lyon1, France.
*Presen  ng author: ludivine.bertonnierbrouty@ens-lyon.fr

The permanent cheek teeth of the extant Lagomorpha have the par  cularity to grow throughout the animal’s life. 
This con  nuous growth can allow modifi ca  ons of the dental morphology a  er the tooth erup  on. In order to defi ne 
tooth developmental changes during ontogeny, we followed the fi rst upper molar development in the common rab-
bit, from birth to adulthood. In order to replace our observa  ons in a phylogene  c and evolu  onary context, we also 
studied the morphological variability of cheek teeth in diff erent species of Lagomorpha. In most Lagomorpha, the 
permanent upper cheek teeth are characterized by the presence of two lophs, the anteroloph and the posteroloph, 
separated by a lingual re-entrant fold. This fold is usually crenulated along the en  re tooth, from the occlusal surface 
to the growth area. Between diff erent species of Leporidae (a family of Lagomorpha), we observed varia  ons of the 
crenula  ons’ shape on the re-entrant fold, from wavy shapes (e.g. Pronolagus sp.) up to forms with numerous and 
large crenula  ons (e.g. Sylvilagus sp.), through intermediate morphologies (e.g. Lepus sp.). However, basal Lepori-
dae diff er from this pa  ern by the presence of a lagicone structure instead of a crenulated re-entrant fold. 

Our study of rabbit ontogeny shows that newborn rabbits present a lagicone structure, which disappears few weeks 
a  er birth to be replaced by the leporid re-entrant fold. This fold is ini  ally smooth in juveniles but is increasingly 
crenulated when the specimens get older. 

By replacing the diff erent morphologies described in the literature and our morphological observa  ons in the phy-
logeny of Lagomorpha, we highlight an evolu  onary trend toward an increase in the number and size of crenula-
 ons, associated to a loss of the lagicone structure. Indeed, the chronology of the morphological modifi ca  ons 

occurring during the development of the rabbit cheek teeth corresponds step by step to what is observed between 
basal and derived species of lagomorphs. This observa  on leads us to hypothesize of a peramorphic evolu  on of 
rabbit teeth with a recapitula  on of ancestral character states during ontogeny.
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Targeted next-genera  on sequencing provides novel insights into the gene  c basis of 
amelogenesis imperfecta
Megana K. Prasad1, Hélène Dollfus1,2, Mathilde Huckert1,3,5, Marzena Switala3,5 and Agnès Bloch-Zupan3,4,5,6,*

1Laboratoire de Géné  que Médicale, INSERM U1112, Fédéra  on de Médecine Transla  onnelle de Strasbourg (FMTS), Université 
de Strasbourg, France 
2Centre de Référence pour les Aff ec  ons Rares en Géné  que Ophtalmologique, Service de Géné  que Médicale, HUS, Strasbourg, 
France 
3Université de Strasbourg, Faculté de Chirurgie Dentaire, Strasbourg, France
4Université de Strasbourg, Ins  tut d’Etudes Avancées, USIAS, Strasbourg, France
5Hôpitaux Universitaires de Strasbourg (HUS), Pôle de Médecine et Chirurgie Bucco-dentaires, Centre de Référence des 
Manifesta  ons Odontologiques des Maladies Rares, Strasbourg, France
6Ins  tut de Géné  que et de Biologie Moléculaire and Cellulaire-Centre Européen de Recherche en Biologie et en 
Médecine, Université de Strasbourg, IGBMC-CERBM CNRS UMR7104, INSERM U964, Illkirch, France
*Presen  ng author: agnes.bloch-zupan@unistra.fr

Amelogenesis imperfecta (AI) is a clinically and gene  cally heterogeneous group of diseases characterised by enam-
el defects. To date, muta  ons in >20 genes have been implicated in either isolated or syndromic AI. We used a 
next-genera  on sequencing (NGS) panel targe  ng 585 known or candidate genes in dental disorders to screen a 
cohort of 61 pa  ents with isolated and syndromic forms of AI. We were able to iden  fy the molecular defect un-
derlying the pa  ents’ phenotypes in 15 cases (~25%), sugges  ng that several addi  onal genes mutated in AI remain 
to be discovered. Interes  ngly, muta  ons in COL17A1 were the most frequent cause of isolated AI in our cohort, 
accoun  ng for 8% of pa  ents with isolated AI. Furthermore, NGS-based screening of mul  ple AI genes allowed us 
to iden  fy a rare case of digenic inheritance in AI, with unlinked heterozygous muta  ons in COL17A1 and LAMA3 
modifying the severity of the phenotype. Finally, sequencing in a seven-year-old pa  ent presen  ng with isolated AI 
revealed the presence of a homozygous missense muta  on in CNNM4, muta  ons in which result in Jalili syndrome, 
a diagnosis that was subsequently confi rmed by ophthalmological inves  ga  on. Therefore, we demonstrate that a 
large propor  on of the gene  c heterogeneity of AI remains unsolved and that non-Mendelian inheritance pa  erns 
exist in AI. Genotype/phenotype correla  ons might help revisi  ng the current clinical classifi ca  on of amelogenesis 
imperfecta. The dental clinic may be a gateway for the diagnosis and management of rare gene  c disorders. 

This work was funded through: the University Hospital of Strasbourg (HUS, API, 2009–2012, ‘Development of the 
oral cavity: from gene to clinical phenotype in Human’, PHRC 2008 N°4266 Amelogenesis imperfecta), the EU-funded 
project (ERDF) A27 ‘Oro-dental manifesta  ons of rare diseases, supported by the RMT-TMO Off ensive Sciences ini-
 a  ve, INTERREG IV Upper Rhine program (www.genosmile.eu) and by the INTERREG V N° 1.7 “RARENET” program, 

the grant ANR-10-LABX-0030-INRT, a French State fund managed by the Agence Na  onale de la Recherche under the 
frame program Inves  ssements d’Avenir labelled ANR-10-IDEX-0002-02. 
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The role of Runx transcrip  on factors in tooth forma  on and replacement in zebrafi sh
Bart Bruneel1*, Jörg Renn2, Marc Muller2, P. Eckhard Wi  en1, Ann Huysseune1

1 Evolu  onary Developmental Biology Group, Biology Department, Ghent University, Ghent, Belgium
2 GIGA-I3, Organogenesis and Regenera  on, University of Liè ge, Liè ge, Belgium
*Presen  ng author: bart.bruneel@ugent.be

RUNX transcrip  on factors consist of a DNA-binding α-subunit, the actual RUNX proteins, and a non-DNA binding 
β-subunit, CBFβ. In mammals, they have a wide range of func  ons, for example, in bone and tooth forma  on 
(RUNX2), white blood cell matura  on (RUNX1, RUNX3) and the forma  on of gastric endothelial cells (RUNX3). Het-
erozygous muta  ons, inser  ons or dele  ons in RUNX2 in humans lead to cleidocranial dysplasia, a condi  on charac-
terized by reduced bone development, the lack of clavicles and the occurrence of supernumerary teeth, while het-
erozygous Runx2 mutant mice show an underdeveloped den   on with an arrest in the early cap stage and addi  onal 
epithelial tooth buds in the upper jaw (1). The diff erences in dental phenotypes between mice and human might be 
explained by the fact that mice have an evolu  onary derived den   on in which teeth are never replaced. Gaining a 
be  er understanding of the role of RUNX transcrip  on factors in the mechanism of (con  nuous) tooth replacement 
requires the use of another experimental model , such as the zebrafi sh. 

To study the role of Runx transcrip  on factors in tooth replacement in zebrafi sh (Danio rerio) we made us of mor-
pholino knockdowns. 

Knockdown of runx3 eff ec  vely inhibits the forma  on of teeth, with only one of the normal four tooth posi  ons oc-
cupied at 5 days post-fer  liza  on. This can be the consequence of the disrup  on of the runx3-bmp-runx2b cascade 
(2), known to signal from endoderm to neural crest to ini  ate forma  on of the head car  lage. Alterna  vely, it can be 
the result of a retarda  on in gill pouch forma  on which, according to the modifi ed outside-in hypothesis on tooth 
origins, would entail delay of tooth forma  on (3). 

Knockdown of the transcripts of the distal P1 promoter (T1) and proximal P2 promoter (T2) of the runx2b orthologue 
has contras  ng eff ects. Knockdown of runx2bT2 leads to a no  ceable inhibi  on of tooth forma  on, similar to but 
not as severe as in the case of runx3 knockdown. In contrast, runx2bT1 knockdown has no eff ect on tooth forma  on 
and replacement. These results are consistent with eff ects of runx2b knockdown observed on early car  lage devel-
opment in the head skeleton in zebrafi sh (4) and point to func  onal diff eren  a  on between the two transcripts. 

In conclusion, the phenotypes observed so far suggest that the func  ons of runx transcrip  on factors for tooth de-
velopment in zebrafi sh are dis  nc  ve from those in mammals.

1. S. Camilleri, F. McDonald, Eur. J. Oral Sci. 114, 361–73 (2006).
2. J. Dalcq et al., Plos One 7, doi:10.1371/journal.pone.0050140 (2012).
3. A. Huysseune, J.-Y. Y. Sire, P. E. Wi  en, J. Anat. 214, 465–76 (2009).
4. M. Flores, E. Lam, P. Crosier, K. Crosier, Developmental Dynamics 235, 3166–3176 (2006).
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The eff ect of orthodon  c force on the regenera  on of periodontal  ssues in replanted 
teeth
Cho
 
Objec  ve: The objec  ve of this study was to inves  gate the eff ect of pre-applica  on of orthodon  c force on the 
periodontal ligament (PDL)  ssue and its eff ect on the healing of PDL  ssues a  er replanta  on.

Material and methods: The orthodon  c force (50cN) was applied to the maxillary le   fi rst molar of 7-week-old male 
Spraque-Dawley rats (n=32) in the experimental group and the right side of the same animal was defi ned as the 
control group. A  er 7 days, the orthodon  c force was removed and the fi rst molars of both sides were luxated and 
replanted. Histological and molecular changes of PDL  ssues were evaluated at 1, 2, 3, 4 weeks a  er replanta  on.

Results: The PDL  ssues were proliferated by the applica  on of orthodon  c force for 7 days and this was verifi ed 
with Microarray and PCNA staining. In histological analysis, less root resorp  on and the faster arrangement of PDL 
collagen fi ber were observed in the experimental group a  er replanta  on. In the experimental group, the expres-
sion level of several mRNA (CXCL2, CCL4, MMP3, PCNA, OPG and RUNX2) was higher for fi rst 1 or 2 weeks and CCL7 
mRNA was expressed higher only at 3 weeks than control group a  er replanta  on

Conclusion: These results suggest that PDL  ssue was proliferated by the applica  on of orthodon  c force and this af-
fected the healing process a  er replanta  on, which might decrease root resorp  on and the possibility of ankylosis.

Key words: Replanta  on, orthodon  c force, periodontal ligament, root resorp  on, ankylosis
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Expression pa  ern of FZD6 during odontogenesis of diphyodont den   on
Dosedelova H1,2, Putnova I1,2, Tichy F2, Buchtova M1,3
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Transmembrane receptor FZD6 ac  vates signaling pathway, which is also known as a “planar cell polarity” pathway 
(PCP). These receptors play an important role during embryonic development and aff ect cell prolifera  on, diff eren-
 a  on, axonal growth and orienta  on, synaptogenesis. Ac  va  on of this receptor acts during polariza  on of cells 

in the  ssue, and thus determines the direc  on of their growth and migra  on. Here, we aim to determine if FZD6 
expression is asymmetrical in the angled dental lamina, which may underlay its polarized growth into the mesen-
chyme. The level and spa  al distribu  on of FZD6 expression was analyzed in several stages through odontogenesis in 
diphyodont den   on of minipig. At younger stages (E25, E29, E30), FZD6 signal was very weak in the craniofacial re-
gion. Later at E36, FZD6 expression was spread in oral epithelium and slightly stronger expression was located in the 
labial side of the dental stalk connec  ng the tooth germ with the oral epithelium. More dis  nct expression pa  ern 
was observed when the diff eren  a  on of cells occurred and produc  on of hard  ssues started. Diff eren  ated and 
secretory ameloblasts were FZD6-posi  ve while non-diff eren  ated cells of the inner enamel epithelium were nega-
 ve. Similar pa  ern was observed in the dental papilla where diff eren  ated odontoblasts exhibi  ng den  n produc  -

on were FZD6-posi  ve in the superfi cial part of cells. Almost no signal was found in the stellate re  culum or stratum 
intermedium. On the other hands, the outer enamel epithelium was posi  ve, especially the superfi cial clusters of 
cells during disrup  on of enamel organ. During later stages of odontogenesis, the dental lamina protruded deeply 
into mesenchyme and morphological changes were obvious in its superfi cial part. Cells on the labial side separa  ng 
from the lamina were FZD-posi  ve similarly as well as the stalk of very fl at cells connec  ng the dental lamina to the 
tooth. However, the apical  p of the successional lamina was FZD6-nega  ve. When dental lamina disconnected from 
the oral epithelium, the stronger posi  vity of Fzd6 was evident in the superfi cial fragments and epithelial clusters 
of cells. In deeper parts of the lamina, the expression of FZD6 was apparent in the side facing to the tooth anlagen, 
which undergoes regression. Furthermore, FZD6 signal was located in the structures surrounding teeth such as alve-
olar bone where osteoblasts were posi  ve and secretory area of salivary gland or their ducts. 

In conclusion, we found some asymmetrical expression of FZD6 in the dental lamina of early as well as late stages 
during odontogenesis. This asymmetrical expression may be important in growth direc  onality and side-specifi c 
morphological diff erences of the dental lamina, which has to be experimentally proven.

This study was supported by the CSF (14-37368G, 14-29273P) and the IGA UVPS (134/2016/FVL).
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Objec  ve: The aim of this work is to inves  gate the possible role of Toll-like receptor 4 [TLR4] during the develop-
ment of mouse tooth germ. TLR4 is well known to inhibit mineraliza  on and cause infl amma  on in mature odonto-
blasts and dental pulp cells. However, unlike these pathological func  ons of TLR4, li  le is known about the develop-
mental func  on[s] of TLR4 during tooth development. 

Material and methods: TLR4 expression was studied via Western blot in developing lower mouse incisors from E13.5 
to E18.5. To generate func  onal data about the eff ects of TLR4, a specifi c agonist [LPS] was applied to the medium 
of in vitro tooth germ cultures, followed by Western blot, histochemical staining, ELISA assay, in situ hybridiza  on 
and RT-qPCR. 

Results: Increased accumula  on of bio  n-labeled LPS was detected in the enamel organ and in preodontoblasts. LPS 
treatment induced degrada  on of the inhibitor molecule [IκB] of the NF-κB signaling pathway. However, no mor-
phological altera  ons were detected in cultured  ssue a  er LPS addi  on at the applied dosage. Ac  va  on of TLR4 
inhibited the mineraliza  on of enamel and den  n, as demonstrated by alizarin red staining and as decreased levels 
of collagen type X. mRNA expression of ameloblas  n was elevated a  er LPS administra  on. 

Conclusion: These results demonstrate that TLR4 may decrease the mineraliza  on of hard  ssues of the tooth germ 
and may trigger the matura  on of ameloblasts; it can give valuable informa  on to understand be  er congenital 
tooth abnormali  es.
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Our work develops the leopard gecko (Eublepharis macularius) as a model to study tooth renewal.  With con  nuous 
tooth replacement throughout the jaw and throughout life, this rep  le presents an ideal opportunity to study the 
dynamics of tooth cycling as well as the level of  ssue maintenance in the organism. We documented the den   on 
longitudinally with biweekly wax impressions that track tooth shedding events in the func  onal tooth row.  These 
events can be analyzed by tooth posi  on from hatching beyond 1 year of life and have been studied intensively in 10 
animals from our laboratory colony.  In a subset of animals we addi  onally monitored the absolute and rela  ve ages 
of teeth present in the jaw with a dual pulse chase of fl uorescent dyes that label mineraliza  on fronts.

On average, a func  onal tooth row contains 4-6 absent teeth per quadrant, with none immediately adjacent to each 
other except in cases of injury.  A tooth shedding event is typically observed in 1-2 wax impressions before its re-
placement erupts into posi  on; a tooth posi  on is only vacant for a week before its successor erupts into the mouth.

The dura  on of a tooth shedding cycle is stable within the jaw, but it slows over  me from 23.6 days shortly a  er 
hatching to 30.8 days in later juvenile stages.  ANCOVA on shedding cycle length shows a signifi cant slowing of the 
cycle (p<0.001), consistent with a hypothesis of slowing metabolism with age and observa  ons of tooth replace-
ment in iguanas and alligators.  Over this  me period, there was no appreciable increase in variance over  me, but 
inter-individual size varia  on does explain some of the variance in shedding cycle length.  The consistent length of 
 me between shedding events at a given age indicates that external causes of shedding such as injury or feeding 

mechanics are either rarely experienced or the tooth cycle is robust to them.

Calcein or xylenol orange labeled 75% of non-vacant tooth posi  ons in the func  onal tooth row within 10 days, a 
much higher percentage than expected with turnover over this period.  This indicates that many of the ankylosed, 
func  onal teeth are ac  vely mineralizing den  ne and/or a  achment  ssues. Toluidine blue stained paraffi  n sec  ons 
addi  onally show extensive remodeling and resorp  on of the maxillary bone. Weekly epifl uorescent photographs in 
sedated animals show that calcein and xylenol orange label erupted teeth in a pa  ern that predicts wax bite shed-
ding pa  erns. Work is currently underway to examine dual and single labeled successional teeth in dissec  on and 
histological sec  on to resolve the  me spent at each stage in the tooth renewal cycle.

Together, these fi ndings in the leopard gecko establish a tooth renewal model in which rapid, constant tooth turn-
over is sensi  ve to metabolic rates and does not compromise the func  onal tooth row.
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Cri  cal func  onal evidence for the roles of developmental genes comes from experiments in which the ac  vity of 
a gene is “knocked out”. In cases where development of an organ or organism is arrested altogether, the specifi c 
gene is considered to be absolutely required for development. In the same  me, there appears to be a large number 
of genes that, despite being expressed during individual organ development, have no detectable phenotypic eff ect 
when null mutated. We asked whether the expression of these absolutely required genes diff ers from the dispens-
able genes in measures such as expression level and dynamics during early organ development. 

We address this ques  on using the mammalian tooth. Especially mouse molar tooth development is well charac-
terized, with dozens of genes known to be absolutely required for normal development. We focused on a cri  cal 
step in tooth development, namely the transi  on from bud stage to cap stage. At this developmental  me point the 
tooth crown pa  erning begins, and experimental modifi ca  on of single gene from several signaling pathways causes 
phenotypic eff ects. 

To obtain a robust readout of the rela  vely subtle expression dynamics of normal organ development, we performed 
both microarray and RNA sequencing analyses of developing mouse molars at E13.5 and E14.5. Microarray and RNA-
seq provide comparable (albeit not iden  cal) expression data, increasing the confi dence of the analysis. Combining 
global expression profi les with experimental evidence on dispensability of individual genes, allows us to test wheth-
er expression profi les themselves might be informa  ve about cri  cal genes for each organ.

Poster presenta  ons 



64

TMD2016
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Nonsyndromic orofacial cle  s are common birth defects caused by complex gene-gene and gene-environment inter-
ac  ons. The most common type is cle   lip, which occurs with or without cle   secondary palate (nsCLP and nsCLO, 
respec  vely). Since lip forma  on precedes the development of the secondary palate, a cle   of the palate may form 
indirectly as a consequence of disrupted lip development in nsCLP. Indeed, gene  c factors that directly predispose 
to palate involvement in nsCLP are largely unknown.

In this study, we iden  fi ed a genome-wide signifi cant associa  on between a region on chromosome 15q13 and 
nsCLP (P=8.13×10-14; rela  ve risk: 1.46, 95% confi dence interval: 1.32-1.61) but not nsCLO (P=0.27; rela  ve risk: 
1.09, 95% confi dence interval: 0.94-1.27). The 5 kb region of strongest associa  on maps downstream of Gremlin-1 
(GREM1), which encodes an antagonist of BMP signaling with well documented key roles in limb and kidney devel-
opment. We found that Grem1 is expressed in the developing lip and so   palate but not in the hard palate during 
mouse embryogenesis. Assuming a conserved expression pa  ern in mammalian development, this pa  ern is con-
sistent with a more than two-fold increase in risk observed in pa  ents displaying cle  s of both the lip and so   palate 
but who had an intact hard palate (rela  ve risk: 3.76). While we did not fi nd lip or palate defects in Grem1-defi cient 
mice, wild type embryonic palatal shelves developed divergent shapes when cultured in the presence of ectopic 
Grem1 protein, sugges  ng ectopic or increased expression of GREM1 to be involved in the pathogenesis of nsCLP.

Together, the study iden  fi ed a non-coding region at 15q13 as the second, genome-wide signifi cant locus specifi c 
for nsCLP, a  er 13q31. Moreover, our data suggest that the closely located GREM1 gene contributes to a rare clinical 
nsCLP en  ty. This en  ty specifi cally involves abnormali  es of the lip and so   palate, which develop at diff erent  me-
points and in separate anatomical regions. Our data point to a pathogenic ac  vity of up-regulated GREM1 expres-
sion, a mechanism that appears to be associated with various other disease condi  ons.

Author summary
Cle  s of the lip and palate are common birth defects, and require long-term mul  disciplinary management. Their 
e  ology involves gene  c factors and environmental infl uences and/or a combina  on of both, however, these inter-
ac  ons are poorly defi ned. Moreover, although cle  s of the lip may or may not involve the palate, the determinants 
predisposing to specifi c subphenotypes are largely unknown. Here we demonstrate that varia  ons in the non-cod-
ing region near the GREM1 gene show a highly signifi cant associa  on with a par  cular phenotype in which cle   lip 
and cle   palate co-occur (nsCLP; P=8.13×10-14). Our data suggest that the risk is even higher for pa  ents who have 
a cle   lip and a cle   of the so   palate, but not of the hard palate. Interes  ngly, this subphenotype corresponds to 
the expression of the mouse Grem1 gene, which is found in the developing lip and so   palate but not in the hard 
palate. While Grem1-defi cient mice display no lip or palate defects, we demonstrate that ectopic Grem1 protein al-
ters palatal shelve morphogenesis. Together, our results iden  fy a region near GREM1 as the second, genome-wide 
signifi cant risk locus for nsCLP, and suggest that deregulated GREM1 expression during craniofacial development 
may contribute to this common birth defect
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Autophagy plays an important role in homeostasis, development, and diff eren  a  on through cell survival or death 
pathway. The present study is aimed to establish whether autophagy is involved in odontogenic diff eren  a  on 
during repara  ve den  n forma  on of DPC. 

The tooth cavity prepara  on models were set on Sprague-Dawley rats. A  er tooth cavity prepara  on, immuno-
fl uorescence intensity of den  n matrix protein 1 (DMP1) and den  n sialoprotein (DSP), which are odontogenic 
diff eren  a  on markers, were increased. In addi  on, intensity of autophagy markers LC3B and p62 were enhanced. 
By intra-peritoneal injec  on of autophagy inhibitor 3-methyladenine (3MA), in spite of tooth cavity prepara  on, 
expressions of LC3B, p62, DMP1 and DSPP were not increased. 

To inves  gate detail regula  on of autophagy-related genes in odontogenic diff eren  a  on of DPC, qPCR array of 
tooth cavity prepara  on model was performed. In the tooth 8 days a  er tooth cavity prepara  on, up- and down-reg-
ula  on of various autophagy-related genes was detected. Especially, some of human ATG8 family gene levels were 
shown much higher fold changes than others. 

To inves  gate expression pa  ern of each human ATG8 family genes in odontogenic diff eren  a  on in vitro, primary 
cultured human dental pulp cells (HDPC) were cultured in diff eren  a  on induc  ve medium (DM) including ascor-
bic acid and β-glycerophosphate. MAP1LC3C level specifi cally increased (6 folds) more than others (2 folds) in DM. 
MAP1LC3C and GABARAPL2 levels were decreased by 3MA, and MAP1LC3A, MAP1LC3C, GABARAP and GABARAPL1 
levels were increased by trehalose, an autophagy enhancer, indica  ng that MAP1LC3C might be an important ele-
ment in odontogenic diff eren  a  on of HDPC.

Taken together, these fi ndings suggest that autophagy plays crucial role in odontogenic diff eren  a  on during repar-
a  ve den  n forma  on of DPC.
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Dental enamel is the hardest  ssue in the body and secreted by a specialized ameloblast. Although much progress 
in the knowledge of enamel forma  on was made, the process of gradual physical hardening remains unclear. Tran-
sient receptor poten  al (TRP) channels are non-selec  ve ca  on permeable channels which is ac  vated by various 
s  muli including chemical, thermal, and/or mechanical s  muli. We have recently found that the epithelium of the 
oral mucosal membrane was ac  vated by warm temperature via TRP vanilloid 3 and 4 (TRPV3, TRPV4), and the ep-
ithelial integrity such as barrier and wound healing was regulated by TRPV3 or TRPV4. Here we inves  gated the ef-
fect of TRPV3 or TRPV4 on enamel forma  on using TRPV3, TRPV4 gen deleted mice (V3KO, V4KO) compared to wild 
type mice (WT). Immunohistochemistry showed TRPV3 and TRPV4-immunoreac  vity in ameloblast layers in the WT 
tooth germs. We could not found apparent diff erence in tooth outlook, size and thickness of enamel between WT 
and V3KO, V4KO. Electron microscopic observa  ons revealed that immature arrangement of the enamel prism and 
the interrod substance in the incisors and molar teeth from V3KO, V4KO mice compared with WT. Our observa  ons 
suggested that TRPV3, TRPV4 are localized in the ameloblast layer of tooth germ, and may aff ect therminal enamel 
forma  on. COI: No
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The high mobility group (HMG) proteins are a superfamily of abundant and ubiquitous nuclear proteins that bind to 
DNA and nucleosomes and induce structural changes in the chroma  n. HMGAs are exclusively architectural proteins 
to alter the chroma  n structure by interac  ng with the transcrip  on machinery and to regulate the transcrip  onal 
ac  vity of several genes, but they are not transcrip  onal transcrip  on factors. Homozygous muta  ons in the Hmga2 
result in the pygmy phenotype, sugges  ng that Hmga2 play crucial roles in various aspects of development. 

The interes  ng expression pa  ern of Hmga2 has been reported in tooth germs at E16.5 and E18.5 in mouse. Hmga2 
was broadly expressed in dental epithelium, especially in the cervical loop, where cells are ac  vely dividing, at E16.5 
at E18.5. However, the Hmga2 expression profi le at E14.5 has not been previously known. In this study, we examined 
the expression pa  erns of Hmga2 in the developing incisors and molars in maxilla and mandible.

Interes  ngly, the Hmga2 was expressed only in the lingual epithelium of all kinds of tooth germs at E14.5. Further-
more, we inves  gated the molecular mechanism controlling the unique Hmga2 expression. While the promoter of 
Hmga2 was not evolu  onary conserved, there were seven evolu  onary conserved regions in the upstream inter-
genic region of Hmga2. Only a region, which is located around the 70 kb upstream of Hmga2 transcrip  on start site, 
showed the physical interac  on with promoter of Hmga2, demonstra  ng that this region is one of long range en-
hancers of Hmga2. The DNA sequence of the enhancer consists of many binding sites for transcrip  on factors, which 
are related with cell prolifera  on, sugges  ng again that Hmga2 is closely related with the epithelial prolifera  on. 
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Teeth develop from the ectoderm and the underlying ectomesenchyme, and their morphogenesis is regulated by 
interac  ons between the epithelium and the underlying mesenchyme. During tooth development, important sig-
naling regula  on occurs through epithelial-mesenchymal interac  ons mediated by mul  ple growth factors and tran-
scrip  on factors. We screened and selected Dachshund1 (Dach1, dachshund family transcrip  on factor 1) as a novel 
enamel knot expressing transcrip  on factor from the genome wide screening results at cap stage. Dach1 expression 
pa  erns during developing mouse tooth were examined in enamel knot, enamel organ, dental papillae from bud 
to bell stages with stage-specifi c manner using an in situ hybridiza  on and immunostaining. In order to reveal the 
developmental func  ons of Dach1 in tooth morphogenesis, we cul  vated lower molar at cap stage for 2 or 3 days 
with or without AS-ODNs treatment against Dach1 as a loss of func  on study and EK-expressing. In addi  on, EK-ex-
pressing or syn-expressing genes such as Bmps, Fgfs, Lef1, Shh, Runx2 and Wnt5a were examined by using RT-qPCR 
and in situ hybridiza  on. Finally, renal transplanta  on was employed to evaluate the detailed func  ons of Dach1 in 
odontogenesis. Overall, we concluded that spa  o-temporal ac  ve Dach1 would involve in diff eren  a  on of enamel 
organ to form the proper structural forma  on of den  n and enamel via interac  ng with various signaling molecules 
in tooth development.
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Human mesenchymal stem cells (hMSCs), characterized as a rapid in vitro-expandability and mul  -diff eren  a  on 
poten  als, have been widely used in the clinical fi elds of  ssue engineering. Recent studies have shown that various 
signaling networks are involved in the growth and diff eren  a  on of hMSCs. Although Wnts and their downstream 
signaling have been implicated in the regula  on of hMSCs, the roles of Wnt signaling in hMSC self-renewal are 
s  ll controversial. Here, it was observed that ac  va  on of endogenous canonical Wnt signaling with LiCl, which 
decreased β-catenin phosphoryla  on, leads to a decrease in hMSCs prolifera  on. The fact that this growth-arrest 
is not linked to apoptosis was verifi ed by annexinV-FITC/propodium iodine assay. It was associated with changes of 
cell cycle-associated genes expression such as cyclin A and D. In addi  on, ac  va  on of Wnt signaling during hMSCs 
prolifera  on seemed to reduce their clonogenic forming poten  als. On the contrary, Wnt ac  va  on during hMSCs 
prolifera  on has li  le eff ects on osteogenic diff eren  a  on capabili  es of cells. 

These fi ndings reveal that canonical Wnt signaling is a cri  cal regulator of the hMSCs prolifera  on and clonogenicity. 
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Odontoblasts play an important role in the sensory signal transduc  on sequence in genera  ng den  nal sensi  vi-
ty. However, the biophysical and pharmacological proper  es of voltage-dependent ionic channels in odontoblasts 
have remained to be clarifi ed. We recorded plasma membrane voltage-dependent ionic currents in odontoblasts by 
whole-cell patch-clamp method in a voltage-clamp confi gura  on. Voltage steps from -100 to +80 mV from a holding 
poten  al of -70 mV evoked outward currents. The reversal poten  als (Erevs) of the current were closely approximated 
to K+ equilibrium poten  als  (N = 22) during a series of changes in extracellular K+ concentra  on. The current showed 
pure K+ selec  vity. The rela  vely slow ac  va  on kine  cs exhibited dependence on the membrane poten  al. The 
steady-state inac  va  on was well described by a Boltzmann func  on with a half-maximal inac  va  on poten  al 
of -49 mV (N = 6), showing that K+ currents in odontoblasts exhibit voltage-dependency. Amplitudes of outward K+ 

currents were suppressed by extracellular tetraethylammonium and 4-aminopyridine (N = 4). These results indicate 
that the odontoblasts express voltage-dependent K+ current showing slow ac  va  ng/inac  va  ng proper  es with 
residual Cl- conductance.
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Teeth are excellent targets for evolu  onary studies of vertebrate epithelial  ssues, with both an excellent fossil 
record and suitability for experimenta  on. Strong selec  ve pressures aff ect dental characters, as they determine 
possible diet ranges. This is namely the case for tooth complexity, which is mainly modulated by varia  ons in the 
number and disposi  on of cusps – the posi  ve reliefs of the tooth occlusal surface. Mammals have achieved con-
siderable varia  on in terms of complex tooth morphologies throughout their evolu  on, most o  en through cusp 
addi  on events. Experimental approaches in a few model species (mouse, zebrafi sh) have revealed the mechanisms 
of odontogenesis, and especially the gene  c pathways involved in cusp growth and pa  erning. However, li  le is 
known about the evolu  on and development of teeth in other non-classical vertebrate groups such as squamate 
rep  les (i.e., lizards and snakes).

We hereby give the fi rst large-scale assessment of squamate tooth morphologies using a dataset of over 450 extant 
and fossil species in all major lineages, and demonstra  ng a unique and widely overlooked diversity. Geometric 
morphometrics reveal that complex tooth shapes in lizards vary mostly according to the mode of tooth implanta-
 on. Importantly, complex tooth shapes also signifi cantly correlate with diet, as highly complex teeth with a high 

cusp number correlate with increased plant consump  on. Iguania (iguanas, chameleons…) show the broadest tooth 
shape variability, followed by Lacertoidea (“true” lizards, worm lizards…); notably, both groups include an important 
propor  on of herbivorous species. Based on the most recent phylogene  c data, ancestral character reconstruc  ons 
specifi cally indicate that the last common ancestor to all squamates was an insec  vore with unicuspid pleurodont 
teeth. Complex tooth shapes then evolved mul  ple  mes independently in diff erent lineages – most likely con-
comitantly with increasing plant consump  on. These results, therefore, call for a be  er characteriza  on of tooth 
development in squamates and especially of the gene  c pathways responsible for producing complex tooth shapes 
in lizards. 
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Organogenesis is a carefully orchestrated process that requires a competent stem/progenitor cell popula  on that 
is regulated by signalling interac  ons from the surrounding  ssues. In recent years, such a popula  on of epithelial 
stem/progenitor cells in the developing tooth germ has been found to express the transcrip  on factor Sox2. Ex-
pression of Sox2 has been shown to vary across diff erent parts of the enamel organ as the tooth germ develops. In 
molars, it has been noted that from an ini  al global expression at the placode/thickening stage, Sox2 expression gets 
progressively limited to the lingual aspect of the enamel organ during the bud, cap and bell stages. Further, at these 
later stages of tooth development, Sox2 expression appears in the cervical loop of the molar tooth germ, a region 
that will later go on to form the roots. Our inves  ga  on is aimed at iden  fying the factors regula  ng the dynamic 
expression of Sox2 across the diff erent stages during molar tooth development. Diff erent signalling pathways have 
been reported to infl uence Sox2 expression in the mouse incisor as well as in other  ssues such as bone and gut 
epithelium. FGF signalling has been shown to have a remarkable infl uence on Sox2 expression in these  ssues. In the 
incisor Fgf10 has been shown to be essen  al in maintenance of the stem cells niche, while Fgf8 was able to enhance 
Sox2 expression. We have a  empted to elucidate this rela  onship, focusing on the developing molar tooth germ, 
through a series of gain and loss of func  on experiments targe  ng the FGF receptors and the downstream eff ectors 
of the FGF signalling pathway. For this we have taken advantage of slice cultures of murine molar tooth germs from 
E13.5 to E15.5, where the development of the tooth can be followed as it undergoes morphogenesis and diff eren-
 a  on. In these experiments we have a  empted to study the factors that regulate the pa  ern of Sox2 expression 

as the tooth germ develops. We have also a  empted to address whether Sox2 expression can be turned back on 
in areas that have diff eren  ated and lost the progenitor poten  al during the cap and bell stages of tooth develop-
ment. In addi  on we have u  lised Sox2-CreERT2;R26-TdTomato transgenic reporter mice to allow live imaging of cell 
movement and fate mapping of the Sox2 posi  ve cells. Through these experiments we hope to understand the sig-
nals involved in Sox2 regula  on, and how these signals vary over  me as the stem/progenitor popula  on changes as
the molar tooth starts to undergo morphogenesis and diff eren  ate.
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NFI-C is Essen  al for Stemness in Mineralized Tissue Forming Cells
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Objec  ve: Mineralized  ssues in vertebrate are found in bone and tooth (enamel, den  n, and cementum). Bone 
marrow mesenchymal stem cells (BMSCs) have the capacity to diff eren  ate into osteoblasts. Dental epithelial stem 
cells (DESCs), which will give rise to ameloblasts, and dental mesenchymal stem cells (MSC) that will form the odon-
toblasts and cementoblasts. Our previous studies indicate that NFI-C is required for tooth root development and 
bone forma  on, but the exact func  on of NFI-C in mineralized  ssue forming cells remains unknown. The purpose of 
this study was performed to uncover the underlying mechanism of NFI-C func  on in mineralized  ssue forming cells. 

Methods: To inves  gate the role of NFI-C in DESCs of mouse incisor, we examined the incisor phenotypes from 
Nfi c-/- mice by micro-CT and histology. Prolifera  on of the cells was inves  gated by PCNA staining and MTT assay. 
Expression of Sox2 and Nfi c was evaluated by IHC, RT-PCR, and western blot. 

Result: Micro-CT analysis showed that the Nfi c-/- mice developed short mandible incisors compared to WT mice. In 
histological analysis, Nfi c-/- mice displayed rudimentary cervical loop and decreased epithelial Sox2 expression in 
cervical loop. PCNA posi  ve cells were signifi cantly diminished in developing cervical loop epithelium of Nfi c-/- mice 
compared to WT. Nfi c inac  va  on by siRNA in mouse ameloblast-lineage cell line (ALCs) resulted in decreased cell 
prolifera  on compared to control cells. Real  me PCR and western blot analysis showed that Sox2 expression was 
decreased in primary dental epithelial cells of Nfi c-/- mice, but it was signifi cantly increased by Nfi c overexpression 
in ALCs. Furthermore, NFI-C directly regulates Sox2 expression through the FGF-8 signaling pathway. In dental pulp 
cells (DPCs) and BMSCs, expression of Sox2 and stemness-related genes such as Nanog and Lin 28 was signifi cantly 
increased by Nfi c overexpression. In addi  on, Nfi c overexpression in DPCs and BMSCs leads to increase of prolifer-
a  ve ac  vity. 

Conclusion: These results indicate that NFI-C plays an important role in the maintenance of self-renewal in mineral-
ized  ssue forming cells.

This research was supported by Basic Science Research Program through the Na  onal Research Founda  on of Korea 
(NRF) funded by the Ministry of Science, ICT & Future Planning (No. NRF-2014R1A1A1005439).
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Updated view of the forma  on of the primary enamel knot in the developing mouse molar
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Similarly to the development of other organs, tooth morphogenesis is a complex mul  factorial process involving 
fundamental morphogene  c mechanisms (prolifera  on, apoptosis, integra  on and migra  on of cells), which are 
controlled by interac  ons between epithelium and mesenchyme.

Enamel knots (EKs) are transient signaling centers in dental epithelium and comprise non-dividing cell popula  ons. 
EKs are important structures involved in regula  on of a tooth shape and determina  on of the tooth cusps pa  ern. 
It has been reported that the primary enamel knot (pEK) controls morphogenesis in the fi rst molar germ in mouse 
and that Sonic Hedgehog (Shh) is expressed there. 

During early stages of odontogenesis, Shh expression is limited to the epithelial cells and it is considered as an early 
marker of odontogenesis. Moreover, Shh is also expressed in the signaling centers of the premolar tooth rudiments 
(called MS and R2) in the mandible. 

We studied dissociated dental epithelium of mouse embryonic lower jaw using fl uorescent microscopy. We focused 
on the developmental origin of the signaling center - pEK in the cap of the fi rst molar (M1). The Shh signaling domain 
of the R2 rudiment transiently co-existed with the Shh signaling domain of early M1. These two domains fi nally fused 
together giving rise to the typical pEK signaling center (at ED14.5) in place of the prospec  ve func  onal M1.

In the present study, we showed that pEK of the M1, in its accepted meaning (as a signaling center of a tooth), aris-
es as late as a  er the fusion of the original R2 and early M1 Shh signaling domains. By contrast, the non-fusion of 
these signaling domains results in the subsequent development of the supernumerary tooth anlage - from the R2 
rudiment anteriorly to the M1 germ.

Funding: Grant Agency of the Czech Republic (Grant Numbers: GAP305/12/1766 and 14-37368G)
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Eff ect of melatonin on structure, composi  on, and calcifi ca  on of den  n
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The purpose of the present study is to examine the rela  onship between the structure and composi  on of teeth 
den  n and the role of melatonin through histological and analy  cs studies.

In this experiment, 5-, 6-, and 7-day old SD rats were used. These rats were divided into three groups:  1) a control 
group (0.5% alcohol content drinking water); 2) a low concentra  on group (0.5% alcohol +20μg/ml melatonin con-
tent drinking water); 3) a high concentra  on group (0.5% alcohol + 100μg /ml melatonin content drinking water). 
The animal protocol was approved by the Animal Care and Use Commi  ee of Meikai University. The specimens were 
observed and analyzed using a light microscopy, a polarizing microscopy, a scanning electron microscopy�SEM), a 
miniscopy, a SEM-EDS analysis, a microscopic laser Raman spectroscopy, an X-ray diff rac  on method, and an elec-
tron-probe microanalyzer (EPMA).

The stainings performed were hematoxylin-eosin and Azan-Mallory staining and specimens were also subjected 
to immunohistochemistry analysis (melatonin receptor; melatonin 1a: MT1, melatonin 1b: MT2, a mixing of two: 
MTR). In the melatonin treated group, the interval of incremental lines was narrower in the incisor den  n. The new 
incremental line was confi rmed in the incisor preden  n and molar den  n. The number and size of calcospherites in 
preden  n increased in propor  on to the concentra  on of melatonin administered. A signifi cantly greater number 
of interglobular den  ns were observed in the molar den  n of the melatonin treated groups. The expression of MT2 
and MTR were observed in odontoblasts of the control group. In the melatonin treated groups, a strong expression 
of MT2 and MTR was observed in odontoblasts.

In SEM-EDS and EPMA analysis, Ca and P content were greater in the melatonin treated groups. It was considered 
that the calcifi ca  on of den  n was promoted by melatonin. In the melatonin treated groups, the width of den  nal 
tubules was narrower than that of control group. It is likely that the forma  on of peritubular den  n was promoted 
by melatonin.

It is considered that melatonin par  cipates in the forma  on of incremental lines, den  n composi  on and the calci-
fi ca  on mechanism of den  n. The work was supported by KAKENHI (15K11034). 

Poster presenta  ons 



76

TMD2016

Tes  ng odontogene  c models in human molars: quan  fying metameric varia  on by 
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Human molars exhibit a type of metameric varia  on, which is the diff erence in serially repeated morphology within 
an organism. The metameric varia  on of the molar provides an ideal case to inves  gate how phenotypic varia  on is 
linked to developmental processes. The “morphogene  c gradient” in the molar is expressed as morphological vari-
a  on along the tooth row, and within a tooth crown. It has been proposed that such “morphogene  c gradient” can 
be adequately explained by the inhibitory cascade model and by the pa  erning cascade model in which reitera  ve 
usage of ac  vator–inhibitor mechanism plays an important role.

 Actualis  c data that support these models, however, are s  ll rela  vely scarce due to methodological limita  ons. 
Here, we propose new methods to analyze detailed tooth crown morphologies. We applied morphometric mapping 
(MM) to the enamel–den  ne junc  on of human maxillary molars and examined whether odontogene  c models 
were adaptable to human maxillary molars. MM analysis enabled to quan  fy and visualize morphological gradient 
along molar row. Similarly, crown relief decreased following the order of cusp forma  on in each tooth crown. Mor-
phological varia  on in each molar also got larger from mesial to distal, on the other hand, human maxillary molars 
tended to converge allometrically toward the mean shape of UM1 as a whole. 

Collec  vely, these results indicate that the observed pa  ern of metameric varia  on in human molars is consistent 
with odontogene  c models of molar row structure (inhibitory cascade model) and molar crown morphology (pat-
terning cascade model). MM is a useful tool for visual inspec  on and detailed quan  fi ca  on of the morphological 
features of teeth, which can provide the basis for a be  er understanding of tooth evolu  on linking morphology and 
development.
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Re  noic acid excess impairs amelogenesis inducing enamel defects
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Abnormali  es of enamel matrix proteins deposi  on, degrada  on, or mineraliza  on during tooth development, are 
responsible for a spectrum of gene  c diseases termed Amelogenesis imperfecta. To assess if environmental/nu-
tri  onal factors can exacerbate enamel hypomineraliza  on defects, we inves  gated the role of the ac  ve form of 
vitamin A, re  noic acid (RA). Robust dental expression of RA-degrading enzymes Cyp26b1 and Cyp26c1 suggests RA 
excess may reduce tooth hard  ssue mineraliza  on, adversely aff ec  ng enamel. We employed a protocol where RA 
was supplied to pregnant mice as a food supplement, at a concentra  on es  mated to result in 4-fold eleva  on in 
serum RA levels. This supplementa  on led to severe enamel defects in adult mice born from pregnant dams, with 
most severe altera  ons observed for treatments from E12.5 to E16.5. We iden  fi ed enamelin (Enam), ameloblas  n 
(Ambn), and odontogenic ameloblast-associated protein (Odam) as target genes aff ected by excess RA, exhibi  ng 
mRNA reduc  ons of up to 20 fold in lower incisors at E16.5. RA treatments aff ected bone forma  on, reducing os-
teoblast mineraliza  on. Accordingly, craniofacial ossifi ca  on was dras  cally reduced a  er two days of treatment 
(E14.5). Whole genome RNA-sequencing (RNA-seq) was performed on E14.5 and E16.5 lower incisors. Reduc  ons 
in Runx2 (a key transcrip  onal regulator of bone and enamel diff eren  a  on) and its targets were observed at E14.5. 
Bone growth factors, extracellular matrix, and calcium homeostasis were also perturbed. Gene  c targets mutated 
in human amelogenesis imperfecta (AMEL, X-linked, AMBN, KLK4, FAM20a) were reduced at E16.5. Our observa-
 ons support a model in which elevated RA signaling acts within a 48 h  me window to block normal osteoblast/

odontoblast lineage specifi ca  on. Therea  er enamel protein produc  on is blocked, leading to permanent enamel 
defi ciencies.

Acknowledgements:
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Structural characteriza  on and interac  on of proteins in the specialized basal lamina 
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A specialized (s) basal lamina (BL) is present between ameloblasts and maturing enamel, as well as between junc-
 onal epithelium (JE) cells and the tooth surface. This structure is dis  nc  ve because it does not contain collagens 

type IV and VII and is enriched in laminin-332(1), se   ng it apart from typical BL binding to connec  ve  ssue. Im-
munolabeling showed that this sBL also dis  nc  vely contains three unique proteins that belong to the SCPP gene 
cluster and that are known as AMTN, ODAM and SCPPPQ1(2-5). Their colocaliza  on at the cell-tooth interface(6) and 
yeast two hybrid studies(7) suggest that they may interact to mediate a  achment to mineralized surfaces. Consistent 
with this, pa  ents with periodontal disease (PD)(8) have reduced ODAM levels and ODAM knockout mice(9) exhibit JE 
detachment.

We have exploited molecular and structural biology approaches, and a humanized transgenic laminin γ2 mouse 
model(10) (LAMC2) to further explore interac  ons among cons  tuents of the sBL. Quan  ta  ve bacterial two hy-
brid analysis, and transmission electron and atomic force microscopy validate the propensity of AMTN, ODAM and 
SCPPPQ1 to interact among themselves and with each others, and to form supramolecular aggregates. Immunogold 
labeling and Nearest Neighbour Analysis suggest that the distribu  on of ODAM within the sBL is skewed towards 
the cell, while AMTN and SCPPPQ1 appear to have a tendency to localize towards the tooth surface. The transgenic 
mouse exhibits altera  ons in the structure of the sBL, diff use distribu  on of its cons  tuents, and matura  on and 
periodontal defects. 

Altogether these data suggest that laminin-332, AMTN, ODAM and SCPPPQ1 interact to structure a specialized mac-
romolecular complex capable of binding on one side to epithelial cells and on the other to tooth mineral. Since 
disrup  on of the JE is a primary event in the onset of PD, a be  er understanding of the supramolecular architecture 
of the sBL is expected to pave the way for innova  ve PD treatments.  

This work was supported by CIHR, RSBO, NSERC, and Shriners Hospital.
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Specifi  city Protein 6 (SP6, also called Epiprofi n) is a member of the SP/KLF transcrip  on factors and plays an import-
ant role in tooth development. There are several gene  c data on the role of SP6, however the molecular mecha-
nisms for them remain unclear. To be  er understand the molecular basis for SP6 func  on in dental epithelial cells, 
we prepared Sp6 stable transformant, C9 cells, in dental epithelial background. As a fi rst step, Sp6 mRNA and protein 
expression were examined by RT-PCR and western blot analysis. Long-term culture of C9 cells reduced SP6 expres-
sion, although Sp6 mRNA expression was kept at the similar level to the star  ng point of the culture. To explore the 
regula  on of Sp6 expression at protein and mRNA level, we analyzed protein stability and epigene  c control using 
several inhibitors against proteasomal protease, DNA methyl transferase and histone deacetylase. Our fi ndings sug-
gested that Sp6 expression are fi nely tuned by both transcrip  on and transla  on levels.
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Quiescent adult stem cells in murine teeth are regulated by Shh signaling
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Numerous organs contain commi  ed mul  potent stem cells, or adult stem cells, even in adults. Adult stem cells are 
crucial for physiological  ssue renewal and regenera  on a  er injury. Current stem cell biology suggests that both 
quiescent (out of cell cycle) and ac  ve (in cell cycle) stem cell subpopula  ons may coexist in several  ssues such as 
hair follicle, intes  nal crypt, and bone marrow (Li and Clevers, Science 327:542-545, 2010). A recent report that neu-
rovascular sensory nerves secrete sonic hedgehog (Shh) protein, which ac  vates Gli1 expression in periarterial cells 
that contribute to all mesenchymal deriva  ves in the adult mouse incisor (Zhao et al., Cell Stem Cell 14:160-173, 
2014), suggests that the quiescent mesenchymal stem cells are maintained by Shh signaling. However, the mecha-
nisms regula  ng the maintenance of quiescent adult stem cells in teeth via Shh signaling remain to be fully elucidat-
ed. The present study aimed to clarify the rela  onship between BrdU-label-retaining cells (LRCs) and Shh signaling in 
the apical bud of incisors and the dental pulp of growing incisors and developing molars of mice. The birthed animals 
during postnatal Day 1 to Week 5 were chronologically analyzed following the prenatal BrdU labeling (Ishikawa et al., 
Cell Tissue Res 348:95-107, 2012). The paraffi  n sec  ons were processed for immunohistochemistry for BrdU, Sox2, 
Gli1, Shh, Patched1 (Ptch1), and Ki67 and in situ hybridiza  on for Shh and Ptch1. Dense LRCs, Gli1 (+)-cells, and Ptch1 
(+)-cells were co-localized in the outer enamel epithelium of the apical bud and the apical dental papilla of incisors. 
In the developing molars, numerous dense LRCs at Day 1 were decreased in number according to the progress of 
odontogenesis and maintained in the center of pulp  ssues. Gli1 (+)-cells were maintained in the pulp horn during 
the examined stages, and increased in number and maintained in the center of pulp  ssue during Weeks 2-5. Ptch1 
(+)-cells were localized in the pulp horn at Day 1 and increased in number in the center of pulp a  er Week 3. Shh 
mRNA were fi rst expressed in the enamel epithelium and shi  ed to the odontoblasts and the other pulp cells. Shh 
proteins were distributed in the epithelial and mesenchymal  ssues of incisors and molars. The fi ndings suggest that 
the quiescent dental stem cells are regulated by Shh signaling and that Shh signaling play a crucial role in the diff er-
en  a  on and integrity of odontoblasts during epithelial-mesenchymal interac  ons and den  nogenesis.

Poster presenta  ons 



81

TMD2016

The role of TRPM7 in mineraliza  on during enamel forma  on
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Transient receptor poten  al (TRP) melasta  n subfamily member 7 (TRPM7) is a unique bi-func  onal protein con-
taining a protein kinase fused to an ion channel. It has been thought one of a key regulator of ca  on homeostasis 
in mammals. However, it has not been fully understood about its role in calcifi ed  ssue forma  on. Screened the 
TRPM7 expression profi le by in situ hybridiza  on and  ssue specifi c q-PCR analysis were shown the predominant 
expression of TRPM7 mRNA in teeth compared to the other organs. According to the immunohistochemical expres-
sion of TRPM7 during tooth development, it was expressed in diff eren  ated ameloblast and odontoblast since bell 
stage, and detected in the whole cytoplasm of ameloblasts and in odontoblast process of odontoblasts, respec  vely. 
To exam the physiological func  on of TRPM7 as an ion channel in ameloblasts and odontoblasts, we performed the 
whole cell patch-clamp analysis using ameloblasts (SF2) and odontoblasts (mDP) cell line. The amplitudes of both 
outward and inward components of the Mg2+-inhibited ca  on currents (TRPM7 like current) in SF2 and mDP cells 
were signifi cantly larger than those in osteoblast cell line (MC3T3-E1). 

On the other hand, as a kinase func  on of TRPM7 in tooth development, we show the tooth phenotype of TRPM7 
kinase inac  ve knock-in mutant mice. The mutant mice showed the opaque white colored incisors though its growth 
and viability were normal. The volume and the mineral density of incisor enamel in mutant by micro-CT analysis 
were lower than control mice. The SEM image of the incisor enamel surface a  er lightly acid-etched in mutant ex-
hibited clearer prisma  c and inter-prisma  c structures than control. However, the thickness of enamel and den  n 
matrix was normal in mutant. And the expressions of amelogenin and nes  n were detected in ameloblasts and 
odontoblasts in mutant. It means that the diff eren  a  on and secre  on ac  vi  es of ameloblasts and odontoblasts  
were not aff ected in kinase dysfunc  on of TRPM7. These results demonstrate the crucial func  on of a kinase ac  vity 
of TRPM7 during tooth mineraliza  on.
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During tooth development, ameloblasts diff eren  ate into highly polarized matrix-secre  ng ameloblasts from oral 
epithelial cells to form enamel. However, the molecular mechanism that integrates ameloblast func  on and mor-
phology is not well understood. Although we previously reported Rho kinase regulated ameloblast diff eren  a  on, 
the up- and down-stream signal cascade is unclear. In this study, we focused on semaphorin 4D, which originally 
iden  fi ed as axon guidance factors, and explored whether it regulates ameloblasts diff eren  a  on through Rho sig-
naling. 

Immunohistochemistry of mouse incisors showed that Semaphorin 4D (Sema4D), its receptor Plexin B1 and ac  ve 
form of RhoA strongly expressed in the polarized secretory ameloblast, whereas they weakly expressed in inner 
enamel epithelial cells, sugges  ng a strong associa  on between Sema4D, RhoA ac  vity, and ameloblast diff eren  -
a  on. Sema4D recombinant protein increased ac  vity of RhoA, ac  n polymeriza  on and amelogenin expression in 
cultured primary ameloblasts. On the other hands, neutralized an  body of Sema4D resulted in morphologic degen-
era  on and reduc  on of amelogenin expression of secretory ameloblasts. A knock down of PlexinB1 also inhibited 
RhoA ac  va  on, ac  n polymeriza  on and amelogenin expression. 

In transgenic (TG) mice with ameloblasts-specifi c expression of RhoA dominant-nega  ve form, the polariza  on and 
amelogenin expression in ameloblasts was hindered. The expression of phosphorylated Akt was also decreased in 
the ameloblasts. Moreover, Akt inhibitor abolished amelogenin expression and synthesis of enamel matrix in ame-
loblasts in organ-cultured mouse molars. 

Together, these results demonstrated that Sema4D–RhoA–Akt signaling plays a key role in ameloblast diff eren  a  on 
by controlling cell polarized morphology, and amelogenin secre  on. 
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Circadian rhythms are endogenous self-sustained oscilla  ons with periods of 24h that regulate diverse physiological 
and metabolic processes through complex gene regula  on by “clock” transcrip  on factors. The implica  on of the 
circadian clock in the forma  on of cranio-facial ectodermal  ssues remains largely unexplored. Our aim is to gain 
insights on the role of the circadian clock in ectodermal organ forma  on and to discover the poten  al links between 
clock genes expression, cell diff eren  a  on, and diseases aff ec  ng ectodermal  ssues such as tooth, hair, oral epi-
thelium and salivary glands. 

We have used dental and oral epithelial cells lines and oral cancer cell lines. We also used clock genes knock out mice 
models and archival material from pa  ents with oral diseases linked to oral epithelium dysregula  on i.e. oral cancer 
and Sjögren’s Syndrome (SS). 

Our data shows defi ni  ve evidence that the main clock genes (Bmal1, Clock, Per1 and Per2) oscillate in epithelial 
cells of craniofacial ectodermal  ssues at regular circadian (24h) intervals both at RNA and protein levels. We have 
also discovered that cell- and  ssue-specifi c phenotypic markers of cell diff eren  a  on are regulated by the circadian 
clock. Clock genes knockout mice show abnormal gene expression and defects of cell diff eren  a  on and homeo-
stasis. Furthermore, disrup  on of clock genes expression modifi es the hair cycle sugges  ng that the circadian clock 
may also play a role in regula  ng other biological cycles in addi  on to the circadian rhythms. Our data also suggest 
that altered clock gene expression results in changes in stem cells popula  ons. Signifi cantly, our data also shows that 
disrup  on of the circadian clock is linked to pathological prolifera  on or apoptosis in oral cancer and SS, respec  vely. 

This data suggest that development and homeostasis of teeth, hair, oral epithelium and salivary glands might be 
under circadian control. Diff erences in clock genes pa  erns among individual teeth or salivary glands might result 
in signifi cant changes of enamel apposi  on and matura  on aff ec  ng tooth size and shape or saliva produc  on and 
content. These data also give insights into the disease mechanisms of epithelial  ssues resul  ng in oral cancer and 
Sjörgren’s Syndrome. Targeted therapy normalizing circadian rhythms may result in be  er disease outcome for these 
pa  ents. 

In summary, compara  vely analysis of the eff ects of the circadian clock in several ectodermal organs may contribute 
into an increased understanding of the importance of the circadian rhythms in tooth and salivary glands biology, 
regenera  on and diseases. 

This work was funded by the Sjögren’s Syndrome Founda  on and the University of Michigan M-cube research funds 
to PP.  
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Understanding the embryonic development and repair processes of maxillofacial structures is crucial for developing 
innova  ve strategies for biomime  c  ssue engineering approaches. It also requires a be  er knowledge of the cra-
niofacial stem/progenitor cell nature, behavior and manipula  on. To this end an important point is the development 
of cellular tools allowing a precise tracking of the fate of stem cells used to promote  ssue repair or regenera  on. 
Neural crest (NC) cells are a mul  potent cell popula  on, giving rise to diverse cell lineages present in most of the 
mesenchymal  ssues of the head, including teeth. Embryonic NC derived cells have shown for instance, their poten-
 al in par  cipa  ng to a de novo genera  on of tooth (Hu et al., 2005, Ikeda et al., 2009). However, the iden  fi ca  on 

of easily expandable cell sources alterna  ve to embryonic  ssues is required before envisioning a transfer to the 
human clinics. Pluripotent stem cells diff eren  ated towards a dental ecto-mesenchymal program could represent 
such an alterna  ve. 

To evaluate this possibility, we have derived an ES line from blastocysts of a cross between Wnt1-CRE and RosaTomato 
mice. These ES cells will express the Tomato protein as they acquire the neural crest (NC) iden  ty thanks to the 
Wnt1 gene promoter and therefore,  their tracking as well as their purifi ca  on by cell sor  ng should be possible. 
The ES-Wnt1CRE-Tomato cells display all the characteris  cs of ES cells i.e. stable pluripotent phenotype when main-
tained in the presence of LIF and poten  al to diff eren  ate in vitro and in vivo towards deriva  ves of the 3 embryonic 
germ layers. Upon FGF2/BMP4 induc  on, they effi  ciently diff eren  ate towards a NC phenotype. qPCR, immunofl u-
orescence and histological analyses show that they start to express NC characteris  c markers in parallel with the 
Tomato fl uorescence, which allows purifi ca  on by cell sor  ng and ex vivo/in vivo tracking. These ES-NC cells can then 
be further induced to diff eren  ate in vitro towards a pericy  c-, odonto/osteoblas  c- or neuronal-like fate. Further-
more, in the context of developing future  ssue engineering applica  ons, the ES-NC Tomato cells can be specifi ed ex 
vivo by an oral epithelium to diff eren  ate into car  lage and bone structures. 

This new cellular tool should help both in unravelling signals involved in NC-deriva  ve iden  ty acquisi  on (i.e posi-
 onal informa  on) and to follow their fate in cranio-facial  ssue engineering or repair models such as tooth  ssue 

engineering. 

Hu B, Nadiri A, Bopp-Küchler S, Perrin-Schmi   F, Lesot H.
J Dent Res. 2005, 84(6):521-5.
Ikeda E, Morita R, Nakao K, Ishida K, Nakamura T, Takano-Yamamoto T, Ogawa M, Mizuno M, Kasugai S, Tsuji T.
Proc Natl Acad Sci U S A. 2009,  11;106(32):13475-80. 
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Revitalisa  on of the mouse molar dental lamina
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Most mammals have two sets of teeth, a deciduous den   on replaced by a permanent den   on, however the 
mouse possesses only one tooth genera  on. 

Tooth development arises with the forma  on of the dental lamina, an epithelial U-shaped band in the oral epithe-
lium that gives rise to and connects the tooth germs together. In the mouse the molars form from a single placode 
in an anterior-to-posterior direc  on, with Sox2+ cells in the posterior tail of the fi rst molar giving rise to the second 
and third molars. Sox2 also localises to the dental lamina associated with two or mul  ple genera  ons of teeth in 
other animals.  The mouse has a transient epithelial rudiment protruding from the lingual side of the molar tooth 
germs, in a similar region to the lamina that forms successional teeth in diphyodont mammals. This structure houses 
Sox2-posi  ve cells but later regresses. Our experiments show that stabilizing Wnt/B-catenin signaling in these cells 
using a Tamoxifen-inducible Cre-lox syste m leads to the forma  on of tooth germs. Their dental iden  ty was con-
fi rmed by expression analysis of enamel knot markers and other genes involved in tooth development. Interes  ngly, 
the phenotype severity reduces with later induc  on  mepoints, sugges  ng a  me window during which the target-
ed epithelium retains tooth-forming capacity. Our further experiments will aim to validate the successional nature 
of these tooth germs and to assess their mineraliza  on capacity during postnatal development. This data could lead 
to a be  er understanding of the molecular mechanisms required for tooth regenera  on, with important prac  cal 
implica  ons for the fi eld. 
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Ectodermal dysplasia (ED) represents a heterogeneous group of condi  ons in which at least two of ectodermal 
deriva  ves, teeth, hair, nails or sweat glands, are aff ected. The most common form is hypohidro  c (anhidro  c) ec-
todermal dysplasia (HED, also called EDA). It is associated with impaired temperature regula  on because of fewer 
or no sweat glands. The X-chromosomal form of HED is seen most frequently. Pa  ents with HED have oligodon  a 
aff ec  ng both the primary and permanent den   ons. The developing incisors and canines are o  en conical in shape. 
The pa  ents have sparse hair and their nails can be abnormally kera  nized. In X-linked HED the female carriers can 
also be aff ected, but the clinical features are less severe.

In HED the muta  ons disrupt EDA signaling, a component of the tumor necrosis factor [TNF] pathway, which is ac  ve 
in organs that develop via reciprocal signaling between epithelium and mesenchyme. In X-linked HED the muta  ons 
are in the EDA gene encoding the actual TNF signal, called ectodysplasin. 

The pa  ent, a 2-year-old boy, was referred to the Unit of Specialized Oral Care, Metropolitan Area in Helsinki for 
diagnosis and treatment of oligodon  a. In primary den   on maxillary lateral incisors and one upper second molar 
and all four mandibular incisors were missing. At the age of 7 clinical and radiographic examina  on showed that in 
permanent den   on in addi  on to third molars, 16 teeth (six premolars, two mandibular lateral incisors, four man-
dibular incisors and all four canines) were missing. In primary den   on his maxillary central incisors and all canines 
were conical in shape. He also had sparse hair, dystrophic toe nails and characteris  c f acial features.

DNA analysis revealed a single base pair change c.188A>G which resulted an amino acid change Glu>Gly (p.E63G). 
The mother had the same muta  on. She was heterozygous. She had sparse hair, but no missing or conical teeth. The 
muta  on was not found in gene  c databases (dbSNP, 1000 genomes, EXAC). In summary, we found a novel muta  on 
in EDA gene associated with typical phenotype of X-linked HED.
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Interplay of osteopon  n and den  n matrix protein 1 in repara  ve den  nogenesis
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Osteopon  n (OPN) and den  n matrix protein 1 (DMP1) are members of SIBLING family with essen  al roles in den-
 nogenesis. The deposi  on of OPN at the calcifi ca  on front plays a role in the diff eren  a  on of odontoblast-like cells 

during pulpal healing following tooth transplanta  on. However, the interplay of OPN and DMP1 in repara  ve den-
 nogenesis remains to be elucidated. This study aimed to clarify the role of OPN and DMP1 during repara  ve den-
 nogenesis. A groove-shaped cavity was prepared on the mesial surface of the upper fi rst molars of wild-type (WT) 

and Opn knockout (KO) mice, and the samples were collected at intervals of 1–14 days. The samples for microarray 
were collected at 3 days a  er the opera  on. The demineralized sec  ons were processed for immunohistochemistry 
for Ki67, nes  n, OPN, DMP1, den  n sialoprotein (DSP), integrin αvβ3, and type I collagen, in situ hybridiza  on for 
Opn, Dmp1, col1a1, and den  n sialophosphoprotein (Dspp), and apoptosis assay. For the loss and gain of func  on 
experiments, an in vitro culture assay for evalua  ng den  n-pulp complex regenera  on was performed. On Day 1 
in WT mice, odontoblasts beneath the aff ected den  n lost nes  n-immunoreac  vity. On Day 3, the expressions of 
Opn and Dmp1 were recognized at the mesial dental pulp, and OPN was deposited along the preden  n-den  n bor-
der. In addi  on, DMP1-posi  ve reac  on was observed in the den  nal tubules. Nes  n-posi  ve newly diff eren  ated 
odontoblast-like cells expressed Dspp and col1a1 and showed posi  ve immunoreac  vity for integrin αvβ3, DSP, and 
type I collagen. Un  l day 14, repara  ve den  n forma  on occurred next to the pre-exis  ng den  n at the mesial 
coronal pulp. In contrast, there was no repara  ve den  n in the Opn KO mice where nes  n- and DSP-posi  ve newly 
diff eren  ated odontoblast-like cells lacked immunoreac  on for type I collagen. In addi  on, the microarray analysis 
indicated that Dmp 1 was up-regulated in coronal pulp on Day 3 in Opn KO mice compared to WT mice. Ki67-posi  ve 
cells signifi cantly increased in number in the mesial dental pulp on Days 3 and 5 and decreased in number on Days 5 
and 14 in WT and KO mice, respec  vely. Numerous TUNEL-posi  ve cells recognized on Day 1 signifi cantly decreased 
in number on Day 3 in both WT and KO mice. The in vitro organ culture demonstrated that the administra  on of 
recombinant OPN rescued the type I collagen secre  on by odontoblast-like cells in the Opn KO mice. The results 
suggested that the deposi  on of OPN at the calcifi ca  on front is essen  al for the type I collagen secre  on by newly 
diff eren  ated odontoblast-like cells to form repara  ve den  n and that DMP1 provides a scaff old for odontoblast 
diff eren  a  on as well as OPN during pulpal healing following cavity prepara  on.
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The two most common hereditary diseases aff ec  ng den  n are den  nogenesis imperfecta (DI, Shields types II and 
III) and den  n dysplasia (DD, types I and II). Pa  ents with DI have amber-brown, opalescent teeth with so   den  n. 
Primary teeth in DDII are phenotypically similar to DI, but permanent teeth appear normal or show only mild dis-
colora  on. Amelogenesis imperfecta (AI) is an inherited disease of dental enamel. The disorder is classifi ed as hypo-
plas  c, hypomature or hypocalcifi ed, pa  ents having abnormali  es in the amount, composi  on, and/or structure of 
the enamel. Muta  ons in den  n sialophosphoprotein (DSPP) gene have been associated with DI types II and III and 
DDII. Muta  ons in at least 13 genes have been reported to cause isolated AI in humans.

Teeth development is regulated by sequen  al epithelial-mesenchymal interac  ons during all stages from the ini  -
a  on to the matrix secre  on. Therefore, disturbances in one hard  ssue may aff ect the development of the other.

We describe a non-syndromic, hereditary dental disorder in a Finnish family with clinical, radiological and histological 
changes in both enamel and den  n and of both primary and secondary teeth. We have ascertained ten aff ected fam-
ily members in three genera  ons. The enamel of aff ected individuals was consistently yellowish and thus appeared 
hypomineralized/hypomatured. A  ri  on of the occlusal tooth surfaces was marked and, occasionally, enamel was 
chipped off  the den  n. Den  n showed a yellow-brown colour and was also easily worn. Signs of enamel a  ri  on 
and infec  ons were present early and early oblitera  on of the pulp chambers was a common feature. The contrast 
between den  n and enamel in the radiographs was reduced. To prevent a  ri  on, stainless steel crowns were set on 
the primary molars. Infected teeth were treated by root canal treatments or extrac  ons.

Exfoliated or extracted teeth of the pa  ents were analyzed histologically. Altera  ons in the structure of den  nal 
tubules near the pulp chamber were observed: The amount was reduced and the shape was irregular. The most 
superfi cial half of the den  n seemed morphologically normal. Histological analysis of the enamel is ongoing.

To iden  fy the causa  ve gene muta  on, we fi rst excluded muta  ons in the DSPP gene. Subsequently, we performed 
genome-wide search and fi ne mapping by microsatellite polymorphisms. It revealed linkage to a 40 Mbp region in 
chromosome 15. Muta  onal analysis of two candidate genes (FGF7 and WDR72) by direct sequencing did not reveal 
any pathological muta  on. In targeted next genera  on sequencing of three samples, we observed a 1,5 fold amount 
of a 2 Mbp long region in the linked part of chromosome 15. The most plausible interpreta  on for the fi nding is a 
heterozygous duplica  on of a region, which harbors 17 known genes. 

In summary, we have diagnosed a novel dominantly inherited disease of dental hard  ssues and iden  fi ed a large 
duplica  on in chromosome 15 as a probable molecular cause. 
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Sonic Hedgehog (Shh) signaling pathway has been known to play crucial roles at various stages during tooth devel-
opment. Shh expression is restricted in the enamel knot, a signaling center of tooth development, at cap stage of 
mouse tooth germ; and the expression spreads out throughout the inner dental epithelium as tooth morphogenesis 
proceeds. While the role for Shh in the pa  erning of teeth and their cusps is rela  vely well known, the regula  on 
mechanism of spa  otemporal expression of Shh is yet to be confi rmed.

In our study, we inves  gated for enhancers and key transcrip  on factors that poten  ally regulate Shh expression 
in developing mouse tooth. A recent research by Sagai et al. has suggested a long range enhancer of Shh named 
MRCS1 (Mammal Rep  le Conserved Sequence 1) which regulates Shh expression in tooth germ. By u  lizing the 
chromosome conforma  on capture (3C) method, we found a 0.65 Kb fragment located 558 Kb upstream of Shh in 
mouse, which showed high evolu  onary conserva  on among mammals (Mammal Conserved Sequence, MCS). This 
fragment showed ac  vity in many developing organs including tooth, tongue papillae, palatal rugae, hair follicle and 
mammary gland in vivo, which demonstrates that the fragment is one of long range enhancers containing a func  on-
al element for Shh expression in ectodermal organs.

Addi  onally, in order to fi nd whether the Wnt/β-catenin pathway directly regulates the Shh transcrip  on through 
MRCS1 and MCS or not, we examined the mRNA expression level of Shh as well as other genes in tooth germs 
at cap stage a  er blocking the Wnt pathway in vitro. Along with a known Wnt downstream gene Sp5, Shh was 
down-regulated by short-term treatment of XAV939, a Wnt antagonist, sugges  ng Shh is a direct downstream gene 
of Wnt/β-catenin pathway. We also tested the binding affi  nity of transcrip  on factors of the Wnt/β-catenin  pathway 
to the Shh enhancer by luciferase assay and ChIP assay. Though there are a number of Lef1, a transcrip  on factor in 
Wnt/β-catenin pathway, binding sites in the MRCS1 and MCS enhancers, we could not fi nd any evidence showing the 
rela  onship between the Wnt/β-catenin pathway and the enhancers. 

Further study is required for elucida  ng how the Shh expression is regulated by Wnt/β-catenin pathway. A par  cular 
combina  on of transcrip  on factors may explain Shh expression pa  ern in developing tooth. 
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Mul  ple molecular pathways regulate the tooth number in Gas1 knockout mice.
Maisa Seppala, Guilherme Xavier, Nina Schaffi  e, Adeel Riaz, Chen-Ming Fan and Martyn Cobourne

Shh is known to be important in all early stages of tooth development including ini  a  on, prolifera  on, cell diff er-
en  a  on and morphogenesis. Disrup  ons in Shh pathway can result in early arrest of tooth development, supernu-
merary tooth forma  on as well as molar fusions. Growth arrest-specifi c 1 (Gas1) gene encodes a transmembrane 
protein that inhibits Shh signalling during molar development. Gas1 is expressed in the surrounding mesenchyme of 
the developing molar, limi  ng ac  vity of Shh to the sites of tooth development. Subsequently, Gas1-/- mice develop 
with premolar-like supernumerary teeth that appear mesial to molars. Three-dimensional reconstruc  ons studied 
at stages E13.5-E15.5 demonstrated that these supernumerary teeth develop from ves  gial rudimentary swellings 
from the same dental lamina with fi rst molars. Corresponding regions of supernumerary tooth development were 
also associated with increase in prolifera  on and reduc  on in cell death at E13.5.  Changes in mRNA expression 
levels of mul  ple genes were also found, including not only Shh and its signalling cascade members Ptc1 and Gli1, 
but also Spr2 and Axin2. Changes in Spr2 and Axin2 expression indicate that in addi  on to Shh signalling, two other 
important signalling cascades, Fgf and Wnt, are also involved in supernumerary tooth forma  on when func  on of 
Gas1 is lost, directly or indirectly as a result of changes in Shh signalling ac  vity. This study further enlightens how 
interac  ons between mul  ple molecular pathways together func  on to regulate the tooth number.
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Odontoblasts have been reported to be sensory receptor cells that are ac  ve in sensory transduc  on for den  n. 
The mechanism underlying the genera  on of den  nal sensi  vity has been termed the “odontoblast hydrodynamic 
receptor theory” (Shibukawa et al. 2015)the mechanisms underlying den  nal pain remain unclear. We inves  gated 
intercellular signal transduc  on between odontoblasts and trigeminal ganglion (TG, indica  ng that odontoblasts, as 
sensory receptor cells, can detect mechanical, osmo  c, pH-related, and thermal s  muli that originate outside the 
den  n. Odontoblasts also play important roles in den  nogenesis, and thus, the detec  on of these s  muli ac  vates 
den  nogenesis. Calcium hydroxide and mineral trioxide aggregate (MTA) are widely used for indirect and direct pulp 
capping and root canal fi lling. Their dissocia  on into Ca2+ and OH- in dental pulp generates high pH (an alkaline) envi-
ronment, which ac  vates repara  ve/reac  onary den  nogenesis. However, the mechanisms by which odontoblasts 
detect the pH of the extracellular environment remain unclear. We measured fura-2 fl uorescence, and inves  gated 
the high pH sensi  ve Ca2+ signaling in rat odontoblasts. Intracellular Ca2+ concentra  on ([Ca2+]i) was increased by 
an applica  on of alkaline solu  on in the presence or absence of extracellular Ca2+. These alkaline solu  on-induced 
[Ca2+]i increases depended on extracellular pH (8.5–10.5), and their amplitudes were smaller in the absence than in 
the presence of extracellular Ca2+. Each increase in [Ca2+]i (ac  vated by pH 7.5 to 9.5) depended on extracellular Ca2+ 
concentra  on. The equilibrium binding constant for extracellular Ca2+ concentra  on decreased as extracellular pH 
increased. Alkali-induced [Ca2+]i increases and inward currents did not show a desensi  zing eff ect by repeated appli-
ca  ons of alkaline solu  on. Alkaline solu  on-induced [Ca2+]i increases were inhibited by applica  on of HC030031, an 
antagonist of transient receptor poten  al ankyrin subfamily member 1 (TRPA1) channels. Na+-Ca2+ exchanger antag-
onist reduced Ca2+ exclusion effi  ciency following alkaline solu  on-induced [Ca2+]i increases. Alizarin Red and von Kos-
sa staining revealed increased mineraliza  on and calcifi ca  on levels under high pH s  mula  on, whereas the TRPA1 
antagonist strongly reduced those levels in not only high pH condi  on but also physiological condi  on. These results 
indicate that alkaline s  muli, such as the alkaline environment inside dental pulp treated with calcium hydroxide or 
MTA, ac  vate intracellular Ca2+ mobiliza  on via Ca2+ infl ux mediated by TRPA1 channels and intracellular Ca2+ release 
in odontoblasts. High pH-sensing mechanisms in odontoblasts are important for ac  va  ng den  nogenesis induced 
by an alkaline as well as physiological environment. 
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Wnt signaling plays an important role during tooth morphogenesis. The inhibi  on of canonical Wnt /β-catenin sig-
naling arrests tooth development at an early stage. On the other hand, forced ac  va  on of Wnt signaling in dental 
epithelium leads to con  nuous forma  on of supernumerary teeth. However, the role of Wnt signaling in dental 
mesenchyme has remained less well elucidated.

The aim of this study was to examine the role of mesenchymal Wnt /β-catenin signaling during the serial addi  on 
of posterior molars. 

TCF/Lef: H2B-GFP (Wnt reporter), β-catΔex3K14/+ mutant (forced β-catenin signaling) and wild type mouse embryos 
were used in this study. Mandibular 1st molar tooth buds were dissected from E14.5 mouse embryos and cultured 
ex vivo in organ cultures for 6 days to observe the forma  on of the 2nd molar. Radioac  ve in situ hybridiza  on and 
immunohistochemistry were performed on tooth buds from E14.5 and E15.5 embryos. BIO (Wnt ac  vator) was used 
to examine the eff ect of increased Wnt signaling on tooth ini  a  on. 

The expression of Lef1 (Wnt target) localized in tooth cusps of the 1st and 2nd molars during development. Strong 
expression of Axin2 (Wnt reporter and inhibitor) and Runx2 was detected in the dental mesenchyme during the 
morphogenesis of 2nd molar. The organ culture experiments showed that the ac  va  on of Wnt /β-catenin signalling 
by BIO aff ected cusp forma  on in the 1st molar and inhibited the forma  on of the 2nd molar. In addi  on, s  mula  on 
of Wnt signalling by BIO in cultured β-catΔe x3K14/+ mutant molar buds prevented the development of supernumerary 
teeth which normally develop in large numbers in these mutants.  

These results indicate that high mesenchymal Wnt /β-catenin signaling arrests the development of the 2nd molar in 
wild type mice and inhibits the forma  on of supernumerary teeth in ß-catΔex3K14/+ transgenic mouse. We conclude 
that increased Wnt /β-catenin signaling inhibits the forma  on of successional teeth.
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Concomitant expression of two rare gene  c diseases, Norrie disease and Cleidocranial 
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This is a case of a Finnish 8-year-old boy that was born blind, and in subsequent years diagnosed with mild hearing 
loss, sensory hypersensi  vity, and allergies.  His tendency to occasional aggressive behavior, combined with strong 
fear towards medical personnel, o  en made it very challenging to conduct examina  ons and medical procedures. 
Diagnosis of Norrie disease had been made a  er birth, based on molecular gene  c tes  ng that revealed a muta  on 
c.1-14657T>G (IVS1+2T>G) in NDP gene. It codes for Norrie disease protein, also known as X-linked exuda  ve vitreo-
re  nopathy 2 protein (EVR2). The mother was found to be a  carrier of this rare, recessive X-chromosomal muta  on. 
When the boy was aged 8, a general dental prac   oner noted that the boy s  ll had all primary incisors with no mo-
bility, as well as a conical supernumerary tooth between the maxillary primary lateral incisor and canine. Dental pan-
oramic tomography showed mul  ple supernumerary teeth in both jaws. The general dental prac   oner assumed 
that the dental fi ndings were manifesta  ons of the Norrie disease, but to confi rm that, however, referred the boy to 
further examina  on and dental treatment at Department of Oral Special Care. 

Norrie disease is characterized by very early childhood blindness due to abnormal re  nal development. The pa  ents 
commonly also suff er from progressive sensorineural hearing loss, developmental delay, intellectual disability and/
or behavioral disorders. Supernumerary teeth in associa  on with Norrie disease have not been reported, however. 
The dental panoramic view was most reminiscent of the numerous supernumerary teeth in Cleidocranial dysplasia 
(CCD), and it was decided to look for other possible signs sugges  ve of CCD, in par  cular missing clavicles. 

Profound anamnes  c informa  on was gathered, and the mother remembered that the boy’s fontanels right a  er 
birth had been unusually large and that par  cularly the anterior fontanel had remained patent much longer than 
normal. The boy could also nearly make his shoulders to meet at the chest, which raised the suspicion of underdevel-
oped or absent clavicles. The clavicles could not be palpated. All above were typical characteris  cs of CCD, and the 
boy was referred to clinical gene  cist. DNA analysis disclosed a previously reported heterozygous muta  on c.568C>T 
p.(Arg190Trp) in RUNX2 gene, confi rming the diagnosis. The parents, free of signs of CCD, were not tested for the 
muta  on. 

These fi ndings confi rmed that the boy had two rare gene  c diseases - Cleidocranial dysplasia in addi  on to the ear-
lier diagnosed Norrie disease. In pa  ents with rare syndromes, various clinical symptoms are easily considered to be 
part of the disease phenotype, whether or not they have been documented before. Despite the minute sta  s  cal 
likelihood of concomitant expression of two rare condi  ons, this possibility should not be overlooked.
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Excep  onal preserva  on of basal body  ssues in Dienerian (Early Triassic) conodont 
elements from Oman and implica  ons for conodonts’ systema  cs and func  onal 
morphology
Louise Souquet 1* and Nicolas Goudemand 1

1 Ins  tute of Func  onal Genomics of Lyon, UMR CNRS 5242, ENS Lyon, France
* Presen  ng author: louise.souquet@ens-lyon.fr

Conodonts are ex  nct marine jawless vertebrates. The latest phylogene  c analyses suggest conodonts are stem-cy-
clostomes. This interpreta  on is corroborated by a func  onal model of their feeding apparatus in mo  on, which 
suggests that conodonts fed using a pulley-like mechanism, similar to the one found in actual cyclostomes (Goude-
mand et al., 2011). 

The feeding apparatus found in the mouth of conodonts was usually composed of 15 teeth-like elements: two pairs 
of rela  vely robust P elements located in the posterior part of the mouth were used to process food, whereas the 
remaining (S and M) elements compose the anterior basket that was used to grasp food. Conodont elements are 
made of two  ssues: an enamel-like crown and a den  ne-like basal body. The basal body develops in concert with 
the crown during the growth of the elements, but the way the respec  ve morphologies of both  ssues depend on 
each other is not understood. Func  onally speaking, the basal body might have served as an a  achment surface 
for so    ssues, and Goudemand et al’s func  onal model (2011) assumed that their extent was not hindering the 
reconstructed movements around a presumed “lingual car  lage”. 

Yet, the basal body is a highly variable laminated structure that is less densely mineralized than the crown. As a con-
sequence basal body  ssues are less likely to be preserved and are found only in excep  onal cases in the fossil re-
cord. In par  cular, although Goudemand et al’ s model was based on a reconstruc  on of an Early Triassic conodont, 
the basal body of S and M elements has hitherto never been documented for Triassic conodonts.

Here we report for the fi rst  me elements of neospathodid conodonts from Dienerian (Early Triassic) rocks of Oman 
where the basal body is partly preserved.

We observe that within the corresponding popula  ons of P elements the highly variable morphology of the interface 
between the crown and the basal body (the so-called lower margin) does not refl ect in the morphology of the full 
element (crown + basal body), sugges  ng that the validity of the lower margin as a relevant taxonomic criterion for 
interspecifi c diff eren  a  on should be reassessed.

In our current collec  ons, only rare specimens of S and M elements preserve the full extent of the basal body. So far 
those do not contradict Goudemand et al’s model (2011). As new material is being prepared, we hope to fi nd more 
such specimens soon and to be able to characterize the rela  onship between the morphology of the crown and that 
of the basal body, in par  cular in S and M elements. 

References
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Ameloblastomas belong to epithelial tumors, which are mostly benign; however, they can exhibit aggressive behav-
ior with rapid growth and turn into malignant form. Ameloblastomas represent about 1% of all tumors in the oral 
cavity and they are classifi ed as a rare disease with the around 0.6 cases/million incidence. They usually appear in 
rela  vely young age with the highest frequency between 20 and 40 years of age. The ra  o of mandibular to maxillary 
ameloblastomas is 5 to 1. Slow growth, normal looking mucosa covering the gingiva and painlessness can be the 
reason for its late diagnos  c in pa  ent.

In our study, we focus on the fi nding the incidence of these tumors in the Czech popula  on with emphasis to de-
tailed macroscopic and microscopic analysis of diff erent types of ameloblastomas. Further, we inves  gate the diff er-
ences in molecular signaling in morphologically recognizable types of ameloblastoma in comparison to unaff ected 
oral  ssue. We detected the expression of several molecules (FZD6, cytokera  n and PCNA), which play an import-
ant role in growth and diff eren  a  on of diff erent cell types specifi cally in physiological condi  on but also in some 
pathological processes. FZD6 belongs to a family of proteins that serve as a receptor of WNT signaling pathways 
and par  cipates in many developmental processes. Strong expression of FZD6 was found in the epithelial cells of 
the follicular as well as plexiform type of ameloblastomas. Double labeling revealed that FZD6 signal coincides with 
cells posi  ve for cytokera  n, which is marker of intracytoplasma  c cytoskeleton in epithelial  ssues. Areas with very 
intense signals were irregularly distributed throughout the tumor  ssue, but did not include all cytokera  n-posi  ve 
epithelial cells. For the labeling of prolifera  ng cells, we used PCNA as an essen  al factor for DNA replica  on. We 
found only small number of PCNA-posi  ve cells and these cells were FZD6-nega  ve. Prolifera  ng cells were irregu-
larly spread through the tumor  ssues without any obvious pa  ern. As ameloblastoma is speculated to arise from 
remnants of dental epithelium, we analyzed FZD6 expression also in the fragments of dental lamina and epithelial 
pearls. We found FZD6 expression in the epithelial clusters during process of pearl forma  on as well as in the basal 
layer of already formed pearls, while central area was FZD6-nega  ve.

In conclusion, we uncovered new molecule highly expressed in ameloblastoma cells, which can provide a novel 
insight into molecular pathogenesis of ameloblastoma and contribute to search of new possibili  es for its therapy. 

This research was supported by the Czech Science Founda  on (14-29273P) and IGA UVPS (134/2016/FVL).
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Introduc  on
An extremely diversifi ed array of molar morphologies observed in the extant placental mammals and marsupials, 
is evolu  onary derived from the tribosphenic molar, which appeared in the Early Cretaceous of the Mesozoic Era. 
The acquisi  on of the tribosphenic molar enabled later mammals to thrive in many of the environments. Started 
with rep  lian-typed conical unicuspid tooth, Mesozoic mammals had spent more than 100 million years to complete 
tribosphenic-typed mul  cuspid molar, where many cusps were regularly arranged for effi  cient occlusion between 
upper and lower molars. On the other hand, developmental research on mammalian molars has revealed that mor-
phogenesis of occlusal surface is regulated by the signaling centers, enamel knots. For a short embryonic period of 
 me, several secondary enamel knots appear reitera  vely at the sites of future cusps. The present study examines 

the developmental process of modern shrew’s molar, which is the least modifi ed from the tribosphenic molar. By 
comparing the development of shrew’s molar with the evolu  on of molar in Mesozoic mammals, we consider how 
developmental regula  on in numbers and spacing of cusps could have aff ected evolu  onary transi  on of mamma-
lian mul  cuspid molar.

Materials and Methods
Tooth germs of the upper and lower 1st molars (M1 and M1) of the house shrew (Suncus murinus, Soricidae, Euli-
potyphla) were used in this study. We prepared serial histological sec  ons and reconstructed 3-D images of dental 
epithelium and dental papilla. We also performed in situ hybridiza  on for Shh and Fgf4, as markers for enamel knot, 
and overlapped their expression domains with the 3-D morphologies. We iden  fi ed what cusp would be formed at 
each site of secondary enamel knot as development proceeded. 

Results and Discussion
In the house shrew, part of the primary enamel knot cells of the cap-staged tooth germs contributed to the second-
ary enamel knot of the early bell-staged germs. The paracone in M1 and the protoconid in M1 were formed at these 
posi  ons at later stages, which are the oldest cusps in evolu  onary aspect. With the increase of size of tooth germs, 
dis  nct secondary enamel knots subsequently appeared with a certain distance from the preceding one. In the M1 
germ, the metacone was formed next, and then the protocone, the hypocone, and the buccal stylar cusps were 
formed. Moreover, compared to the fossil remains of Mesozoic mammalian molars, the shape change of the dental 
epithelium-papilla interface during the shrew’s molar development replayed quite well the evolu  onary transi  on 
of the tribosphenic molar. The present results suggest that the trends of evolu  onary transi  ons are predictable by 
developmental mechanisms regula  ng morphogenesis. They also suggest that  heterochrony during tooth develop-
ment played an important role in the evolu  on of molar in Mesozoic mammals.
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Detec  on of small dele  on in PAX9 gene in a Japanese family with oligodon  a by 
combined targeted resequencing and quan  ta  ve PCR analysis
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For tooth morphogenesis, a number of genes are associated, and several genes, such as Msx1, Pax9, EDA, Axin2 and 
Wnt10A, are reported as causa  ve genes for non-syndromic tooth agenesis. In these gene, PAX9 is well known as 
only gene leading oligodon  a predominantly in molar region. PAX9 gene is located on chromosome 14q12-q13 and 
a member of the paired box (PAX) family of transcrip  on factors. Most of the reported muta  ons in PAX9 was found 
in the paired domain. En  re gene dele  on and muta  on in ini  a  on codon of PAX9 were also found, then, haploin-
suffi  ciency of PAX9 was considered to be associated with oligodon  a. In this study, we analysed genomic DNAs of a 
large Japanese family with oligodon  a predominantly in molar region.

The DNA was extracted from the saliva samples of the family. To detect muta  ons in PAX9 gene. Sanger sequencing 
in each exon of PAX9 was fi rst performed, however, any muta  on was not iden  fi ed. Then, Trusight One Sequencing 
Panel, created by Illumina for the simultaneous sequencing of the exon regions of 4,813 clinically relevant genes, 
was employed for the proband in order to exclude the presence of any other known hypodon  a predisposing gene 
muta  ons and to detect the copy-number altera  on of PAX9 gene. Any specifi c muta  ons were not detected in 
those genes examined, on the other hands, copy-numbers of exon 2 to exon 4 in PAX9 gene was slightly lower. In 
order to further iden  fy the dele  on breakpoints, we employed real-  me quan  ta  ve PCR assay to perform co-
py-number analysis. A  er reducing breakpoints to 12 kbp, long-PCR was performed to defi ne the both of dele  on 
breakpoints. The amplifi ed products were sequenced, then, 8 kbp of dele  on and 2 bp of inser  on in PAX9 locus was 
confi rmed only in aff ected family members.

This report is the fi rst small dele  on found in PAX9 gene causing oligodon  a. It is fi rmly iden  fi ed with a large ped-
igree that PAX9 haploinsuffi  ciency is causa  ve for oligodon  a, moreover, easy, rapid and inexpensive strategy for 
dele  on detec  on was indicated.
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Molecular pa  erning of the hard palate during mammalian palatogenesis
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The mammalian palate is anatomically divided into the anterior bony hard palate and the posterior muscular so   
palate. However, how the anterior hard palate is pa  erned and how the palatal osteogenesis is controlled remain 
unknown. It was recently demonstrated that in the developing branchial arches, the TALE superclass homeodomain 
proteins par  cularly Meis proteins set up a ground state that is common to all the arches and their deriva  ves 
whereas Hox transcrip  on factors act as  ssue-specifi c cofactor to specify the arch iden  ty. However, this raises a 
fundamental ques  on as what factors interact with Meis to specify and pa  ern the Hox-free fi rst arch and its deriv-
a  ves including the palate. 

The homeobox gene Shox2 is expressed specifi cally in the anterior palatal mesenchyme, overlapping with the future 
bony hard palate domain. We have shown previously that Shox2 muta  on leads to not only a rare type anterior cle  -
ing of the secondary palate, but most intriguingly, also the signifi cantly reduced bone forma  on in the hard palate, 
which, together with the virtual loss of the stypolod in Shox2-/- limb, indicates an essen  al role for Shox2 in organ 
pa  erning and skeletogensis. Our recent studies present evidence that inac  va  on of Shox2 leads to premature/ec-
topic expression of Runx2 in Shox2-expressing palatal mesenchymal cells. Our RNA-Seq studies on Shox2+ cells from 
E13 palatal shelves and limbs demonstrate a genome-wide elevated expression of osteogenic genes in the absence 
of Shox2, consistent with our results that Shox2 overexpression in CNC lineage cells causes cle   and inhibits osteo-
genesis. Moreover, Shox2 ChIP-Seq on the developing palate and limb reveals genome-wide preferen  al occupa  on 
of Shox2 on the responsive cis-regulatory elements of these genes bound by Hox and Meis proteins. 

Our results suggest that in the Hox-free developing palate, Shox2 interacts with Meis to pa  ern the hard palate and 
regulates osteogenesis by antagonizing the transcrip  on output of Meis proteins to prevent premature osteogenic 
diff eren  a  on. 
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 Regula  on of MSX1 Expression by the Atypical Canonical BMP Signaling Pathway during 
Human Odontogenesis
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Bmp signaling plays an essen  al role in regula  on of organogenesis of many organs in mammals. It is well known 
that extracellular Bmp ligands bind to membranous receptors and trigger the intracellular signaling transduc  on to 
regulate expression of downstream target genes via canonical or noncanonical BMP pathway. However, it was re-
cently demonstrated that Bmp signaling transduces signaling through a novel atypical canonical BMP pathway that 
are independent of Smad4 in regula  on of Msx1 expression during mouse odontogenesis. 

In the present study, we further inves  gate that whether this atypical canonical BMP pathway is opera  ng in human 
developing tooth. We fi nd that BMP/Smad signaling indeed regulates Msx1 expression in human odontogenesis 
evidenced by inhibi  on of BMP signaling by Dorsomorphin down-regulated MSX1 expression in human tooth germs, 
but no pSmad1/5/8-Smad4 complexes are present in the human embryonic dental mesenchyme and nuclear trans-
loca  on of BMP-induced pSmad1/5/8 is Smad4-independent in cultured human dental mesenchymal cells. 

Our results thus provide evidences that the atypical canonical Bmp signaling pathway is likely to be well conserved 
during tooth development between human and mouse.
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Collagen XII and XIV in tooth and alveolar bone development
Zvackova I1, Oralova V1, Matalova E1
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Collagens are components of extracellular matrix important for development, including teeth and bones. Type I col-
lagen was reported in pre/den  n and bone, collagen type III is the major part of the dental pulp, type IV collagen is 
a typical protein of basement membrane. Using PCRArray analysis of early alveolar bone forma  on (Minarikova et 
al. 2014), expression of collagens XII and XIV, not yet reported in tooth-bone complex development, was iden  fi ed 
by our team. Here we aimed at immunolocaliza  on and temporospa  al evalua  on of these collagens during mouse 
fi rst mandibular molar development.

Serial histological sec  ons were prepared at the stage E13 when the alveolar bone forma  on starts but is not yet 
morphologically visible, E14 when the forming bone becomes apparent and E15 when the bone remodelling is ini-
 ated. The collagens were also inves  gated at the perinatal stage to evaluate their presence in diff eren  ated odon-

toblasts and ameloblasts and at the erup  on stage. Corresponding primary an  bodies (Sigma Aldrich) were applied 
overnight and visualized by enzyme (POD) – substrate (DAB) reac  on.

At E13, samples were nega  ve for both collagens, but both of them appeared at E14, par  cularly in osteoblasts. 
Moreover, collagen type XIV was detected also in the basement membrane. The same localiza  on of posi  ve cells/
regions  was observed also at E15. At the perinatal stage, both collagens were present in osteoblasts along with colla-
gen type XII in den  n and collagen type XIV in odontoblasts. In the erupted tooth, the expression of type XII collagen 
was apparent in den  n tubules, den  n and periodontal ligaments. Collagen type XIV showed only a week staining in 
odontoblast layer and in osteoblasts of the alveolar bone. 

Collagens type XII and XIV are known to be expressed during endochondral ossifi ca  on of the long bone, however, 
for the fi rst  me, they are found in intramembranous alveolar bone as well as in the developing tooth.

Supported by the Grant Agency of the Czech Republic (14-37368G).
Minarikova et al. 2014: Cells Tissues Organs. 2014;200(5):339-48
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