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Abstract 
 
Background: Bone morphogenetic proteins (BMPs) are secretory signal molecules 

which have a variety of regulatory functions during morphogenesis and cell 
differentiation. Teeth are typical examples of vertebrate organs in which 
development is controlled by sequential and reciprocal signaling between the 
epithelium and mesenchyme. In addition, tooth development is characterized by 
formation of mineralized tissues, dentin and cementum as well as epithelially 
derived enamel. BMp 7 plays a role with other signaling molecules in tooth 
development.  

Aim of the study: To perform immune-histochemical analysis of the expression of 
BMP7starting from initiation of tooth development to completion of crown 
morphogenesis when dentine and enamel matrices are being deposited in rat 
incisor tooth Materials and Methods: Sixteen rat embryos were obtained from 
pregnant rats in gestation periods 16th,17th,18th,20th intrauterine life and eight 
neonatal  one day and 3 day old rat were included in this study . Each period 
involved 4 embryos or neonatal rats. Premaxilla ( containing incisor teeth) was 
dissected  and fixed in 10% buffered formalin and embedded in paraffin. Block 
sections (4 μm thickness) for Immunohistochemical localization of BMP7. 

Results: Positive expression of BMP7 was recorded in ectoderm derived cells only, in 
developing tooth germ include oral epithelia, dental lamina and inner enamel 
epithelia in gestation period 16th,17thand 18thintrauterin life of rat embryo. Then 
the expression was illustrated in specialized cell of dental papilla the odontoblast 
and the developing dentin matrix .Ameloblast cell expressed too BMP7 in its 
formative and maturative stages. 

Conclusion: Bone morphogenetic protein 7 may play key roles in mediating 
induction, differentiation events during tooth development. 

 
Key words: bone morphogenetic protein, tooth germ, gestation period, 
ameloblast, odontoblast, oral epithelia 
 
Introduction 
 

The developing tooth is an 
excellent model to studyvarious 
aspects of developmental regulation. 
Teethstart as thickenings of the 

ectoderm covering the facialprocesses. 
As a result of sequential 
andreciprocalinteractions with the 
underlying neural-crest derived 
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mesenchymal cells the epithelium buds 
and undergoesfolding morphogenesis 
resulting in the establishmentof the 
form of the tooth crown (1,2) 

Many works have indicated that 
growth factors, including endothelial 
growth factor (EGF), fibroblast growth 
factors (FGFs), and BMPs participate 
in epithelial-mesenchymal signaling 
regulating tooth morphogenesis (3,4) 

A numerous growth factors 
normally expressed during primary 
odontogenesis and members of the 
transforming growth factor beta (TGF-
beta) superfamily, including several 
members of the bone morphogenetic 
protein family (e.g. BMP-2, BMP-7), 
and insulin-like growth factor-1 (IGF-
1) appear to play a key part in the 
induction of odontoblast-like cell 
differentiation from progenitor pulpal 
cells. A number of these growth factors 
are incorporated into the developing 
dentin matrix during initial tooth 
formation, forming a reservoir from 
which they can be released following 
dentin breakdown (5). 

The roles of BMPs in embryonic 
development and cellular functions in 
postnatal and adult animals have been 
extensively studied in recent year. 
Tooth development isregulated by 
interactions between epithelial and 
mesenchyml tissues. Bone 
morphogenetic proteins (BMPs), 
together with the transcription factors 
play important roles in these 
interactions during early tooth 
morphogenesis (6). To investigate the 
involvement of this signaling pathway 
in tooth development, we analyzed the 
expression Bmp7 in the tooth germ of 
rat incisor. 

 
Materials and Methods 
 

Sixteen rat embryos were obtained 
from pregnant rats in gestation periods 
16th,17th,18th,20th intrauterine life and 
eight neonatal one day and 3 day old 

rat were included in this study. Each 
period involved 4 embryos or neonatal 
rats. Premaxilla (containing incisor 
teeth) was dissected and fixed in 10% 
buffered formalin and embedded in 
paraffin. Block sections (4 μm 
thickness) for Immunohistochemical 
localization of BMP7. Following 
manufacture's protocol (Santa Cruz 
Biotechnology, Santa Cruz, CA) for 
detection and immunolocalization of 
anti-BMP7 (Abcam, Cambridge, MA) 
were used. After overnight incubation 
with primary antibodies in a humidity 
chamber, sections were rinsed with 
phosphate-buffered saline and 
incubated with a secondary antibody. 
Sections were then incubated with 
Biotin avidin–horseradish peroxidase 
conjugate for 30 min in humidity 
chamber. After washing in phosphate-
buffered saline, the double linking 
procedure with the secondary antibody 
was repeated. Slides were developed 
with diaminobenzadine (DAB) 
solution and counterstained with 
Mayer's hematoxylin for 3–5 min. 
Counterstained slides were dehydrated 
in graded ethanol and cleared in 
xylene. 

The same procedures were 
performed for negative controls except 
for the omission of the primary 
antibodies (7). 
 
Results 
 

Positive immunohistochemical 
localization of BMP7 was recorded in 
oral epithelium only in early bud stage 
of tooth germ at 16th day of gestation 
period (Figure1). 

At 17th day intrauterine life, tooth 
germ shows more development in bud 
stage with positive expression of 
BMP7 in oral epithelium and dental 
lamina, (Figures 2 and 3). 

At 18th day intrauterine life, tooth 
germ at cap stage shows positive 
expression of BMP7 in oral epithelia, 
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dental lamina and inner enamel 
epithelia (Figure 4). 

At 20th day intrauterine life, tooth 
germ at advance bell stage shows 
positive expression of BMP7 in 
odontoblast cell and predentin layer 
(Figure5). 

Ameloblast cell in formative and 
maturative stages illustrate positive 
expression for BMP7, odontoblast, 
stratum intermedium were also 
expressed positive reaction too 
(Figures 6 and 7). 

 
Discussion 
 

The largest subgroup of the TGF-j 
superfamily consistsof those proteins 
related to the BMPs. BMP-2, -4, and -
7have been shown to bind to and signal 
through multipleBMP receptors. This 
multiplicity of receptors, as well as a 
growing family of downstream 
signaling molecules, increases the 
spectrum of physiological responses 
thatcan be regulated by these proteins 
(8).  

In this study the developing tooth 
revealed,a complex spatial and 
multiple expression patterns for BMP7 
in dental tissue of different embryonic 
origin.The present results illustrate  
expression of BMP7in dental 
epithelium at early stages of tooth 
development, and as tooth 
development proceeds from bud to cap 
stage, BMP 7 localized in a restricted 
epithelial cell population,the inner 
enamel epithelia in the region of the 
forming enamel knot, which is an 
organizing center believed to be 
involved in establishing tooth form (9); 
Therefore BMP7 may play a role with 
other signaling molecules in initiation, 
induction and differentiation of dental 
cells during tooth development.  

As the tooth germ be in bell stage 
BMP7expression shifts to the 
mesenchymal layer that have been 
differentiated into odontoblasts and 

deposit predentin, these findings 
illustrate the possible roles of BMP-7 
in mediating inductive events during 
the initiation phase of odontogenesis 
(10). Differentiation of inner enamel 
epithelium into ameloblast cell which 
shows positive expression of BMP7 
may demonstrate that BMP7 is a 
candidate molecule for epithelial-
mesenchymal interaction signaling 
during initial stages of tooth formation. 

The present findings also 
investigate positive expression of 
BMP7 by ameloblast in maturative 
stage and stratum intermedium that 
may reflect a role of BMP7 in 
mineralization process of enamel, since 
that ameloblast in this stage with 
stratum intermedium are encaged with 
maturation of the enamel (11). The 
present study concludes that BMP-7 
which is a member of the BMP family 
of signaling molecules may play key 
roles in mediating inductive events 
during embryogenesis of tooth germ. 

 
Conclusion  
 

Expression of BMP7 in developing 
rat tooth suggests a variety of 
regulatory functions in morphogenesis 
and cell differentiation of dental tissue.  
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Figure 1: Tooth germ at early bud stage at (16 th day IUL) shows positive expression of 
BMP7 in oral epithelium (OE). DAB with counter Hematoxylin stain X200 

Figure 2: Tooth germ in bud stage at (17 th day IUL) shows positive expression of BMP7 in 
oral epithelium (OE) and dental lamina (DL). DAB with counter Hematoxylin stain X200 
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Figure 4: Tooth germ in cap stage at (18 th day IUL) shows positive expression of BMP7 in 
oral epithelium (OE), dental lamina (DL) and inner enamel epithelia (IEE). DAB with 

counter Hematoxylin stain X200 

Figure 5: tooth germ in advanced bell stage at (20 th day IUL) shows positive expression of 
BMP7 in Odontoblast (OD) and predentin (PD).  DAB with counter Hematoxylin stain X200 

Figure 3: Magnifying view of previous figure (2) shows positive  expression of BMP7 in 
oral epithelium(OE) and dental lamina (DL).DAB with counter Hematoxylin stain X400 
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Figure 6: Tooth germ in advanced bell stage at (1 day neonatal life) shows positive expression of 
BMP7 in Odontoblast (OD), ameloblast (AB) in formative stage and stratum intermedium (SI).  

DAB with counter Hematoxylin stain X200 

Figure 7: positive expression of BMP7 by ameloblast (AB) in maturative stage at 3 day 
neonatal life. DAB with counter hematoxylin stain X200 

 

 


