
Fax +41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

  

 Cells Tissues Organs 2011;194:222–226 
 DOI: 10.1159/000324205 

 MMP20 Cleaves E-Cadherin and 
Influences Ameloblast Development 
 John D. Bartlett    a     Yasuo Yamakoshi    b     James P. Simmer    b     Antonio Nanci    c     
Charles E. Smith    b, d   
  a    Department of Cytokine Biology, Forsyth Institute and Department of Developmental Biology, Harvard School 
of Dental Medicine,  Cambridge, Mass. , and  b    Department of Biologic and Materials Sciences, School of Dentistry, 
University of Michigan,  Ann Arbor, Mich. , USA;  c    Faculté de médecine dentaire, Université de Montréal, and
 d    Facility for Electron Microscopy Research, Department of Anatomy and Cell Biology, and Faculty of Dentistry, 
McGill University,  Montreal, Que. , Canada 

 Introduction 

 The two predominant stages of enamel development 
are the secretory and maturation stages. The secretory 
stage is when the ameloblasts of the enamel organ devel-
op protruding Tomes’ processes at their apical ends and 
begin moving laterally in rows to form the rod and inter-
rod enamel. These Tomes’ processes are retracted as the 
ameloblasts transition to the maturation stage of develop-
ment. Significantly, adherens junctions (AJ) were identi-
fied along the possible sliding interface between adjacent 
rows of secretory stage ameloblasts [Nishikawa et al., 
1990].

  AJ are composed of several classes of proteins including 
cadherins and catenins. Cadherins are transmembrane 
proteins with extracellular domains that provide impor-
tant adhesive contacts between neighboring cells. The 
 extracellular domains connect through homotypic trans-
pairing between cadherins on adjacent cells, and the intra-
cellular domains of cadherins are linked to the actin cyto-
skeleton by the catenins [reviewed in Hartsock and Nelson, 
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 Abstract 
 Dental enamel development occurs in stages as observed by 
the changing morphology of the ameloblasts that are re-
sponsible for enamel formation. During the secretory stage 
of development, proteins including MMP20 are secreted into 
the enamel matrix. MMP20 is required for proper enamel for-
mation as mutation of the  Mmp20  gene causes autosomal 
recessive amelogenesis imperfecta. Here, we examined in 
detail the morphology of the  Mmp20 -null ameloblast cell 
layer. Intriguingly, we found that the  Mmp20 -null mouse se-
cretory stage ameloblasts retract their Tomes’ processes as 
if preparing to enter the maturation stage but later reextend 
their Tomes’ processes as if resuming the secretory stage. We 
also demonstrated that MMP20 cleaves epithelial cadherin, 
i.e. E-cadherin. Cadherins are transmembrane proteins with 
extracellular domains that provide adhesive contacts be-
tween neighboring cells. Their intracellular domains bind to 
the cell cytoskeleton through catenins, including  � -catenin. 
When specific MMPs cleave the cadherin extracellular do-
main,  � -catenin is released and may locate to the cell nucle-
us as a transcription factor. Therefore, MMP20 may influence 
ameloblast developmental progression through hydrolysis 
of cadherin extracellular domains with associated release of 
transcription factor(s).  Copyright © 2011 S. Karger AG, Basel 
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AJ adherens junction
JMD juxtamembrane domain
p120 p120-catenin

D
ow

nloaded from
 http://w

w
w

.karger.com
/cto/article-pdf/194/2-4/222/2538540/000324205.pdf by guest on 24 April 2024

http://dx.doi.org/10.1159%2F000324205


 MMP20 Cleaves E-Cadherin  Cells Tissues Organs 2011;194:222–226 223

2008]. Ameloblasts express E-, N-, and P-cadherins as well 
as  � -catenin and p120-catenin (p120), during dental enam-
el development [Palacios et al., 1995; Fausser et al., 1998; 
Obara et al., 1998; Terling et al., 1998; Sorkin et al., 2000; 
Heymann et al., 2002; Bartlett et al., 2010]. A major path-
way for signal transduction by AJs involves the regulation 
of  � -catenin, which can act as either a structural protein at 
cell-cell junctions or a transcription factor in the cell nu-
cleus [reviewed in Munshi and Stack, 2006]. When MMPs 
cleave a cadherin’s extracellular domain,  � -catenin is re-
moved from its position near the cell membrane and in 
most cases will translocate to the cell nucleus thereby pro-
moting cell migration, cell invasion, and/or cell prolifera-
tion [Lochter et al., 1997; McGuire et al., 2003; Sanceau et 
al., 2003; Cowden Dahl et al., 2008; Lynch et al., 2010]. 

  MMP20 is required for healthy dental enamel devel-
opment. People and mice with homozygous  MMP20  mu-
tations have soft discolored enamel that may be hypoplas-
tic and that easily abrades from the dentin surface [Ca-
terina et al., 2002; Bartlett et al., 2004; Kim et al., 2005; 
Ozdemir et al., 2005; Bartlett et al., 2006; Papagerakis et 
al., 2008; Lee et al., 2010]. Herein we demonstrate that 
 Mmp20 -null mouse ameloblasts improperly progress 
through the secretory stage of development and that 
MMP20 cleaves the E-cadherin extracellular domain. 
These results are consistent with MMP20 playing a role 
in ameloblast development via cadherin hydrolysis and 
the subsequent release of intracellular transcription fac-
tors such as  � -catenin. 

  Materials and Methods 

 All experimental procedures involving the use of animals were 
reviewed and approved by the Forsyth Institute and the Univer-
sity of Michigan Institutional Animal Care and Use Committees. 

  Morphological Analyses 
 Adult C57BL/6 mice were anaesthetized with chloral hydrate 

and fixed by intravascular perfusion with 1% glutaraldehyde buff-
ered with 0.08  M  sodium cacodylate containing 0.05% CaCl 2 , pH 
7.2. The hemimandibles were removed and decalcified at 4   °   C in 
4.13% EDTA. The samples were washed and postfixed in osmium 
tetroxide reduced with potassium ferrocyanide, dehydrated in 
graded alcohols, and embedded in LR White acrylic resin (Lon-
don Resin, Berkshire, UK) as previously described [Zalzal et al., 
2008]. Semithin sections of incisor segments were cut with glass 
knives and stained with toluidine blue for examination by light 
microscopy (400 !  magnification).

  Preparation of Enamel Extracts  
 Tooth germs of permanent molars were surgically extracted 

from the maxillae and mandibles of 6-month-old pigs at the 

Michigan State University Meat Laboratory (East Lansing, Mich., 
USA). The soft, cheese-like enamel was separated from the crown 
with a spatula. The neutral extract (supernatant) was obtained by 
homogenization of the enamel samples in Sörensen buffer (made 
by mixing Na 2 HPO 4  and KH 2 PO 4  to achieve a final phosphate 
concentration of 50 m M  and a pH of 7.4), followed by centrifuga-
tion. The pellet was resuspended in carbonate buffer (made by 
mixing NaHCO 3  and Na 2 CO 3  to a final concentration of 50 m M  
and a pH of 10.8), homogenized, and then centrifuged. The super-
natant was designated as alkaline extract. 

  Purification of Porcine MMP20 
 The soft enamel-alkaline extract was fractionated by ion ex-

change chromatography in a Q-Sepharose TM  Fast Flow column 
(1.6  !  20 cm; GE Healthcare Biosciences, Little Chalfont, UK) 
equilibrated with 50 m M  Tris-HCl/6  M  urea (pH 7.4) and eluted 
with a linear NaCl gradient (0–0.5  M ). MMP20 eluted in the 
fourth peak was desalted and concentrated by ultrafiltration 
(YM-3; Millipore Corp.) and lyophilized. The lyophilized sample 
was dissolved with 20 m M  sodium citrate/6  M  urea (pH 7.4) and 
applied to a Heparin Sepharose 6 Fast Flow column (1.6  !  20 cm, 
GE Healthcare) equilibrated with the same buffer and eluted with 
a step NaCl gradient (0.02, 0.05, and 0.5  M  at a flow rate of 0.2 ml/
min). MMP20 eluted in the second peak, which was buffer ex-
changed with 50 m M  Tris-HCl (pH 7.4) with a YM-3 membrane. 

  Digestion of the E-Cadherin Extracellular Domain by MMP20  
 The human E-cadherin extracellular domain (100  � g) linked 

to the Fc IgG fragment (648-EC; R&D Systems) was incubated in 
45- � l reactions with approximately 10  � g of MMP-20 for 20 h at 
37   °   C in 50 m M  Tris-HCl/10 m M  CaCl 2 /150 m M  NaCl (pH 7.4) and 
analyzed by SDS-PAGE and immunoblotting as described previ-
ously [Nagano et al., 2009] with a polyclonal antibody against 
 E-cadherin (AF648, R&D Systems) or the Fc fragment (I-9135, 
Sigma). 

  Results 

 Mmp20-Null Mouse Ameloblasts Can Initiate, 
Terminate, and Reinitiate the Secretory Stage of 
Enamel Development 
 Secretory stage ameloblasts have a conical shaped api-

cal protrusion termed the ‘Tomes’ process’ that lengthens 
the enamel rods. Once the rods are full length and the 
enamel has reached its final thickness, the Tomes’ process 
retracts and the ameloblasts progress to the maturation 
stage of development. Surprisingly, we found that amelo-
blasts in  Mmp20 -null mice will retract their Tomes’ pro-
cess during development and then later reform Tomes’ 
processes once again. We observed this phenomenon in 
all 4 incisors examined which were each from 4 different 
 Mmp20 -null mice. This was not observed in incisors 
from  Mmp20  heterozygous (1 mouse) or wild-type mice 
(2 mice).  Figure 1 a–d shows consecutive sections of an 

D
ow

nloaded from
 http://w

w
w

.karger.com
/cto/article-pdf/194/2-4/222/2538540/000324205.pdf by guest on 24 April 2024



 Bartlett   /Yamakoshi   /Simmer   /Nanci   /
Smith    

 Cells Tissues Organs 2011;194:222–226 224

 Mmp20 -null secretory stage incisor. White arrows point 
to prominent Tomes’ processes and an arrowhead in  fig-
ure 1 d denotes the beginning of the reextension of Tomes’ 
processes. Note that the dentin progressively thickens 
while the enamel does not.

  MMP20 Cleaves E-Cadherin 
  � -catenin is part of the structure that links cadherins 

to the cytoskeleton. When a cadherin is cleaved by an 
MMP, it can release  � -catenin so that it may translocate 
to the cell nucleus as a transcription factor. We therefore 
asked if MMP20 can cleave the epithelial cadherin, i.e. 
E-cadherin, expressed by ameloblasts during enamel 
formation. Purified porcine MMP20 was incubated with 
the recombinant human E-cadherin extracellular do-
main linked to the IgG Fc fragment. After 20 h of in-
cubation, immunoblots specific for E-cadherin or the
Fc fragment were performed. The results definitively 
demonstrated that MMP20 cleaves the extracellular do-
main of E-cadherin ( fig. 2 ). Thus, the possibility exists 
that MMP20 releases intracellular signaling molecules 
through hydrolysis of the ameloblast E-cadherin extra-
cellular domain.

  Discussion 

 We provide evidence suggesting that MMP20 cleaves 
the extracellular domain of cadherins which may release 
transcription factors such as  � -catenin that are impor-
tant for enamel development. Faulty cell signaling may be 
the reason  Mmp20- null ameloblasts abnormally extend, 
retract, and later reextend their Tomes’ processes during 
enamel development. 

  Previously, we demonstrated that conditional deletion 
of the cadherin stabilizing molecule, p120, from epithelial 
tissues had a profound effect on mouse dental enamel de-
velopment. p120 binds to an intracellular cadherin do-
main near the cell membrane termed the ‘juxtamembrane 
domain’ (JMD). Mutation of the E-cadherin JMD demon-
strated that p120-E-cadherin interaction was required for 
high-level cell adhesiveness [Thoreson et al., 2000; Ferber 
et al., 2002], and it was also shown that the binding of p120 
to the JMD prevents cadherins from becoming internal-
ized and degraded [Davis et al., 2003; Xiao et al., 2003; 
Maeda et al., 2006]. When p120 was deleted from epithe-
lial tissues, the general shape of the teeth was normal. 
However, the resulting dental enamel had no rod pattern 

50 µm

d

e
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a b

c d

  Fig. 1.   Mmp20 -null mouse ameloblasts can 
initiate, terminate, and reinitiate the secre-
tory stage of enamel development.  a–d  Suc-
cessive sections of an  Mmp20 -null mouse 
incisor. White arrows point to prominent 
Tomes’ processes that disappear in  b  and 
 c .  d  The arrowhead indicates the return of 
the Tomes’ processes, with arrows indicat-
ing prominent processes. It appears that 
signals necessary for the ameloblasts to 
progress through the secretory stage are 
absent. Am = Ameloblast; d = dentin; e = 
enamel. 
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  Fig. 2.  Immunoblot showing that MMP20 cleaves the E-cadherin 
extracellular domain. The recombinant human E-cadherin/Fc 
chimera that links the E-cadherin extracellular domain to an Fc 
fragment was incubated with MMP20 that was purified from por-
cine enamel. Incubations were for 0 or 20 h followed by immu-

noblotting with primary antisera specific for E-cadherin or the 
linked Fc fragment. The secondary antiserum was from rabbit 
(for IgG-Fc Ab) or goat (for E-Cadherin Ab). Also shown is an 
SDS-PAGE gel stained for protein and 2 negative control immu-
noblots that were treated with only the secondary antisera. 
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