
O b e c n á  a  s r o v n á v a c í  o d o n t o l o g i eO b e c n á  a  s r o v n á v a c í  o d o n t o l o g i e

V!vojové souvislosti I: vznik a v!voj zubu jako produkt genetick!ch regula"ních kaskád
V!vojové souvislosti II: d. lamina, zubní epitel a mesenchym; teorie o evoluci zubu/dentice



D e n t á l n í  l a m i n aD e n t á l n í  l a m i n a

Z u b o t v o r n ý  e m b r y o n á l n í  o r g á n ;  p r o d u k u j e  z u b y ;  d e fi n u j e  a

z a k l á d á  j e j i c h  p o z i c i  a  v ý m ěn u .  E K T  ( i  E N T ? )  z t l u š t ěn i n a ;

p ří t o m n o s t  b u n ěk  N L ?



Z u b y  j s o u  i n t e g r o v á n y  d o  d e n t i c e  :

I n t e g r a čn í m  p r v k e m ,  k t e r ý  b ěh e m  o n t o g e n e z e

u s p o řá d á v á  z u b y ,  j e  z u b n í  l i š t a  ( d e n t á l n í  l a m i n a )

P o u z e  u  A m n i o t a ?

D e n t á l n í  l a m i n aD e n t á l n í  l a m i n a



J a k o  vJ a k o  v šš e ,  j e  i  t e o r i e  t ý k a j í c í  s e  D L  z a l oe ,  j e  i  t e o r i e  t ý k a j í c í  s e  D L  z a l o žž e n a  n ae n a  n a

l i d s k é  e m b r y o g e n e z il i d s k é  e m b r y o g e n e z i ……  v i z  D L  m e e t i n g  2 0 0 6 v i z  D L  m e e t i n g  2 0 0 6



D e n t á l n í  l a m i n a  ( k o n t i n u á l n í  v s .  d i s k o n t i n u á l n í  -

M . M . S m i t h ! ) ;  d .  p l a k o d a

D e n t á l n í  l a m i n a :  p o u z e  u  a m n i o t ?D e n t á l n í  l a m i n a :  p o u z e  u  a m n i o t ?



D e n t á l n í  l a m i n a :  z e b r a fi s hD e n t á l n í  l a m i n a :  z e b r a fi s h



V y p r á z d n ěn í  t e r m í n u :

-  d e n t á l n í  l a m i n a -

-  d i s k o n t i n u á l n í  D L -

-  k m e n o v é  b .



!!    transient dental lamina is dental epithelium of the tooth transient dental lamina is dental epithelium of the tooth 
!!    at the appositional growth stage of preceding tooth germ at the appositional growth stage of preceding tooth germ 
!!  it is site specific and time specific for each dentate bone  it is site specific and time specific for each dentate bone
!!  the ODE is site of   the ODE is site of upregulation upregulation of of pitx2pitx2 at the bud stage at the bud stage
!!    bmp4bmp4 is synchronously  is synchronously upregulated upregulated in the dental papillain the dental papilla











Paroedura

Placodal thickenings randomly
distributed over the epithelium

(cf. Odontodes)

Immediatelly differenciated in
teeth primordia, most of which

do not develop into teeth





D e n t á l n í  l a m i n aD e n t á l n í  l a m i n a

Z u b o t v o r n ý  e m b r y o n á l n í  o r g á n ;

p r o d u k u j e  z u b y ;

d e fi n u j e  a  z a k l á d á  j e j i c h  p o z i c i  a  v ý m ěn u .



D e n t á l n í  l a m i n a  :  i n v a g i n o v a n ý  p r u h  e p i t e l uD e n t á l n í  l a m i n a  :  i n v a g i n o v a n ý  p r u h  e p i t e l u



PP řř í t o m n o s t  d e n t á l n í  l a m i n y  d e d u k o v á n a  p o d l eí t o m n o s t  d e n t á l n í  l a m i n y  d e d u k o v á n a  p o d l e

k o n t r o l o v a n é h o  p a t e r n u  z u bk o n t r o l o v a n é h o  p a t e r n u  z u b ůů  ( p a t t e r n e d  a n d  r e g u l a t e d )( p a t t e r n e d  a n d  r e g u l a t e d )



PP řř í t o m n o s t  d e n t á l n í  l a m i n y  d e d u k o v á n a  p o d l eí t o m n o s t  d e n t á l n í  l a m i n y  d e d u k o v á n a  p o d l e

k o n t r o l o v a n é h o  p a t e r n u  z u bk o n t r o l o v a n é h o  p a t e r n u  z u b ůů  ( p a t t e r n e d  a n d  r e g u l a t e d )( p a t t e r n e d  a n d  r e g u l a t e d )



O n t o g e n e z e  z u b u :O n t o g e n e z e  z u b u :

v z á j e m n é  a  o p a k u j í c í  s e  v z á j e m n é  a  o p a k u j í c í  s e  i n t e r a k c ei n t e r a k c e

z u b n í h o  m e s e n c h y m u  a  e p i t e l uz u b n í h o  m e s e n c h y m u  a  e p i t e l u

Dle sou!asn"ch definic (my!, "lov#k - sic!) je ontogeneze
zubu zalo#ena na orálním ektodermu a hlavové

neurální li!t".



Dle sou!asn"ch definic (my!, "lov#k - sic!) je ontogeneze
zubu zalo#ena na orálním ektodermu a hlavové

neurální li!t".





Zuby (obecn$?!!) umíst$ny ve
stomodeu, epitel EKT p%vodu

(

Povrchové (Povrchové (EKTEKT) ) &&upiny, dentikly (viz. plakoidníupiny, dentikly (viz. plakoidní
&&upiny) vmigrovaly do upiny) vmigrovaly do stomodeastomodea, kde se, kde se

postupnpostupn$$ navázaly do  navázaly do !!elistí a staly se elistí a staly se zuby zuby s.s.
str.str.

O  O  e m b r y o n á l n í m  v z n i k u  z u b ue m b r y o n á l n í m  v z n i k u  z u b u

E p i t e l  E p i t e l  E K T  E K T  ččii   E N T ?E N T ?

- zuby z EKT ontogeneticky i evolu!n$;;
- odontoda jako#to EKT struktura;

- zalo#eno na situaci u #raloka
Homologiza!ní p'edpoklad:

gradient !upina - zub



Teeth from Teeth from ECTODERMECTODERM
(e.g. (e.g. sensusensu W.E. Reif) W.E. Reif)

Dermal denticles of Dermal denticles of ECTECT origin migrated into the origin migrated into the
stomodeum, where they became teethstomodeum, where they became teeth

ECTODERM
+

NEURAL CREST
Tooth =

Tooth evolution:Tooth evolution:
„„OUT-INOUT-IN““ theory theory



ENDODERM
+

NEURAL CREST

ECTODERM
+

NEURAL CREST

Teeth from ENDODERM
(sensu M.M. Smith)

Pharyngeal denticles of Pharyngeal denticles of ENDEND origin were later  origin were later co-co-
opted opted for for ECTECT areas areas

Tooth evolution:Tooth evolution:
„„IN-OUT IN-OUT ““ theory theory



Thelodont Thelodont pharyngeal pharyngeal denticles denticles - - agnathanagnathan



Thelodont Thelodont pharyngeal pharyngeal denticles denticles - - agnathanagnathan

Timed sequential formationTimed sequential formation

Thick basal bone joins themThick basal bone joins them

Different from outer Different from outer denticlesdenticles

Internal Internal branchial denticle branchial denticle whorlswhorls



•• (Smith & Johansson, 2003):  (Smith & Johansson, 2003): ……teeth may have evolved independentlyteeth may have evolved independently, several times, through a, several times, through a
mechanism of convergent evolution.mechanism of convergent evolution.

•• (Tucker & Sharpe, 2004):  (Tucker & Sharpe, 2004): ……diversity of dentitions might have been explained by diversity of dentitions might have been explained by combinatorialcombinatorial
derivationderivation of teeth of teeth from both external ( from both external (ECTECT), as well as internal (), as well as internal (ENDEND) ) denticles denticles and teeth.and teeth.

Tooth evolution:Tooth evolution:
……  several times, independently?several times, independently?



Dual origin of teeth ?!?

In derived placoderms,
teeth developed

independently and thus
are not homologous to
other teeth of jawed

vertebrates



Some placoderms has upper and lower dental plates with teeth

New teeth arose in a organized
way being added to recognizable
rows on each dental plate…

…thus, tooth development was
patterned and regulated…

… therefore, teeth develop from
tooth-primordia, regulated in
space and time by tooth-specific
tisuues…

… DENTAL LAMINA ?!?

Placodermi: Eubrachythoracida (Eastmanosteus sp., Gogopiscis sp., Compagopiscis sp.)

Placodermi: Actinolepida (Aethaspis sp., Incisoscutus sp., Bullerichthys sp.)



These teeth are composed of regular (=gnathostome type) dentine
formed from cells within a pulp cavity (contrary to accepted opinions)

Regular tubular dentin of
teeth

vs.

external skin denticles or
bony plates of heads and
trunkshiels composed of

semidentine/mesodentine



Teeth of Arthrodira develop and are regulated as in other jawed vertebrates

How many times did teeth develop ?!?

Because Arthrodira are derived forms of placoderms, teeth evolved at least twice



“Teeth” evolution: from skin denticles or pharyngeal denticles ?!?

“Teeth from pharyngeal denticles” means that
developmental regulatory mechanisms responsible for

tooth patterns on jaw are co-opted from the
pharyngeal region and not from the skin as clasically

thought
This strongly implies embryonic ENDODERM as

opposed from ECTODERM in the genetic control of
dentition patterning

Ectopic teeth in human ovarian teratoma



Oral opening development: ECT vs. ENT



Mouth development in axolotl



GFP axolotls: developed in Elly Tanaka lab (MPI-CBG Dresden; Sobkow et al. DB 290 (2006)

n=113n=15

n=2n=8

Transplantation of Transplantation of 
entire prospective oral entire prospective oral ECTECT area area

GFP axolotl embryos:
tracing the fate of the oral ECT during mouth and tooth formation



Eye (E)

Nose (N)

Mand.arch (MA)
Hyoid arch (HA) Branch. arch 1

(BA1)

Foregut END

Mouth development in axolotl:

Formation of a stomodeal collar
 sagital section, head to the left

Brain (B)

ECT stomodeal collar



Mouth development in axolotl:

 positioning of ECT layer

MA

HA

Oral ECT

Foregut END

Tr

END



E

MA

HA

Oral ECT

Foregut END

Tr

Teeth on the palate

END
ECT



MC

Oral ECT

Double germ-layer fate-mapping experiment:Double germ-layer fate-mapping experiment:
ECTECT GFP transplant;  GFP transplant; ENDEND cell injection (DiI) cell injection (DiI)

Oral END



palatal tooth

splenial tooth 

ECTECT GFP transplant +  GFP transplant + ENDEND cell injection (DiI): cell injection (DiI):
Teeth of double-layer originTeeth of double-layer origin

Oral ECT

Oral END



Germ layer origin of tooth enamel epithelia
in the Mexican axolotl



Implications for development and evolution

The germ-layer origin of epithelium doesn‘t seem to matter at all - mesenchyme
cells can apparently interact both with ECT and END and such teeth look very

identical > homology?

We stress the role of NC-mesenchyme in tooth development & evolution because
then odontodes/teeth/denticles can form when in the oral/pharyngeal cavity or

even on the skin surface.

Teeth evolution from Teeth evolution from ECTODERMECTODERM Teeth evolution from ENDODERM

Teeth origin can be seen as evolution of
odontogenic capacity in neural crest-derived

mesenchyme











B o w fi n  (B o w fi n  ( A m i a  c a l v aA m i a  c a l v a ))

r e p r e s e n t s  a  r e p r e s e n t s  a  ‘‘ p r i m i t i v ep r i m i t i v e ’’  d e n t a l d e n t a l

s y s t e ms y s t e m

M o u s e . .M o u s e . .

••   A  w e l l  s t u d i e d  A  w e l l  s t u d i e d

m o d e l  f o rm o d e l  f o r

i n i t i a t i o n  o fi n i t i a t i o n  o f

h e t e r o d o n th e t e r o d o n t

o d o n t o g e n e s i so d o n t o g e n e s i s ::

n o  r e p l a c e m e n tn o  r e p l a c e m e n t

t e e t ht e e t h

••  H o w  a p p l i c a b l e H o w  a p p l i c a b l e

i s  t h e  m o u s ei s  t h e  m o u s e

d a t a  t od a t a  t o

o d o n t o g e n e s i s  o d o n t o g e n e s i s  i ni n

o t h e ro t h e r

v e r t e b r a t e s ?v e r t e b r a t e s ?

Z e b r a fi s hZ e b r a fi s h . .. .

••  H o m o d o n t H o m o d o n t

d e n t i t i o nd e n t i t i o n

••  N o  o r a l N o  o r a l

t e e t h -  t e e t ht e e t h -  t e e t h

r e s t r i c t e d  t or e s t r i c t e d  t o

p o s t e r i o rp o s t e r i o r

p h a r y n xp h a r y n x

R a i n b o w  T r o u t . .R a i n b o w  T r o u t . .

••  T e e t h T e e t h

p r e s e n t  i np r e s e n t  i n

m u l t i p l em u l t i p l e

l o c a t i o n sl o c a t i o n s

••  H o m o d o n t H o m o d o n t

d e n t i t i o nd e n t i t i o n

••  S i n g l e  r o w  o f S i n g l e  r o w  o f

o r a l  t e e t ho r a l  t e e t h

K d e  vK d e  v šš u d e  j s o u  z u b yu d e  j s o u  z u b y ??

PP řř í p a d ní p a d n ěě :  :  j s o u  j s o u  ““ o r á l n ío r á l n í ””   z u b y  z u b y  z  E K T  a  z  E K T  a  ““ f a r y n g e á l n íf a r y n g e á l n í ””  z  E N T ? z  E N T ?



K d e  vK d e  v šš u d e  j s o u  z u b yu d e  j s o u  z u b y ??

C y p r i n i f o r m e sC y p r i n i f o r m e s :  :  z u b yz u b y

f a r y n g e á l n íf a r y n g e á l n í

Cypriniformes ztratili orální zuby p'ed cca 50 mil lety;
P'es 5 000 druh% v 5-ti !eledích;



K d e  vK d e  v šš u d e  j s o u  z u b yu d e  j s o u  z u b y ??

B o l e nB o l e n :  :  z u b y  f a r y n g e á l n íz u b y  f a r y n g e á l n í



K d e  vK d e  v šš u d e  j s o u  z u b yu d e  j s o u  z u b y ??

C i c h l i d yC i c h l i d y :  :  o r á l n í  o r á l n í  i  i  f a r y n g e á l n íf a r y n g e á l n í

čče l i s t ie l i s t i







K d e  vK d e  v šš u d e  j s o u  z u b yu d e  j s o u  z u b y ??

P l e s i o m o r f n í  s t a vP l e s i o m o r f n í  s t a v :  :  z u b yz u b y

vv šš u d e  u d e  ……





O  O  e m b r y o n á l n í m  v z n i k u  z u b ue m b r y o n á l n í m  v z n i k u  z u b u

M e s e n c h y m  pM e s e n c h y m  p ůů v o d u  n e u r á l n í  l iv o d u  n e u r á l n í  l i šš t yt y



O  O  e m b r y o n á l n í m  v z n i k u  z u b ue m b r y o n á l n í m  v z n i k u  z u b u

M e s e n c h y m  pM e s e n c h y m  p ůů v o d u  n e u r á l n í  l iv o d u  n e u r á l n í  l i šš t yt y

P'ísp$vek bun$k NL do lebky: my&, ku'e, Xenopus;
P'ísp$vek bun$k NL do zubu: my&, mlok, …?

Problém s dermis:
ekto-mesenchym vs. MES-mesenchym



O  O  e m b r y o n á l n í m  v z n i k u  z u b ue m b r y o n á l n í m  v z n i k u  z u b u

M e s e n c h y m  pM e s e n c h y m  p ůů v o d u  n e u r á l n í  l iv o d u  n e u r á l n í  l i šš t yt y



O  O  e m b r y o n á l n í m  v z n i k u  z u b ue m b r y o n á l n í m  v z n i k u  z u b u

M e s e n c h y m  pM e s e n c h y m  p ůů v o d u  n e u r á l n í  l iv o d u  n e u r á l n í  l i šš t yt y



EvoluEvolučční pní půůvod zubuvod zubu: EKT : EKT vsvs. ENT. ENT



A new perspective:A new perspective:
collaborative interactions of collaborative interactions of ep- ep- & & NC-GRNNC-GRN’’ss

Gene networks, neural crest and the advent of vertebrate dentitions
G.Fraser, R.Cerny, V.Soukup, J.Streelman: subm)




