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ABSTRACT

Background: Odontogenesis is a complex and highly regulated process leading to tooth initiation,
morphogenesis and cell-differentiation with eventual formation of enamel, dentin and cementum
matrices. fn molecule account for its interaction with certain discrete extracellular substances ,thus it
serves as a promoter of cell-cell adhesive contacts. Aim: To investigate the in vivo effect of
fibronectin (fn) on rat tooth development. Materials and Methods: A randomized comparative
study was implemented. Fibronectin was purified from the blood of adult Winster rats by series of
gel filtration and affinity chromatography columns. A 50 ul of 100ug/ml of purified homologous rat
plasma fn was injected at the maxillary molar tooth germ areas of the one day old Wister rats (n=25).
Light and scanning electron microscopic examination was carried out after 15 days as the first and
second molar crowns are fully developed. Results: Fn renders the odontoblast cells to be more
packed and elongated as compared to those of the control rats who were injected with 0.05 ml of
0.9% NaCl .The pulp exhibits a network of fibrils of fn that are adherent to cells. Conclusion: the
interaction of fn with the odontoblasts promotes cell to cell adhesion and regulates odontoblasts
differentiation such changes are important for dentinogenesis.

Keywords: Fibronectin, molar tooth germ, odontoblasts.

INTRODUCTION the connective tissue, and in most basement
The microenvironment surrounding cells can membranes®. Fn is secreted by variety of cell
exert multiple effects on their biological types including fibroblasts, endothelial cells,
responses. In particular the extracellular matrix and hepatocytesﬁ. The presence of the
surrounding cells can profoundly influence numerous binding sites on fn molecule
their behavior’ . During tooth root account for its interaction with certain discrete
development, all functional hard tissues are extracellular substances such as heparin,
formed by three kinds of cells: HERS, dental fibrin, and collagen and with cell surface
papilla mesenchymal and dental follicle cells, structures’. Moreover, it serves as a promoter
which form developing apical complexes®. of cell-cell adhesive contacts, in changing the
Signaling molecules expressed in dental cellular morphology, spreading, locomotion,
epithelium and captured in the basement and the organization of extracellular
membrane control the differentiation of pulp materials®.

cells into odontoblasts. Odontoblasts produce Fn present in an insoluble form on most cells
the extracellular matrix components found in and in a soluble form in the plasma and in the
dentin and are implicated in dentin interstitial fluid. In the oral cavity, Fn has been
mineralization®. Like the tooth crown, tooth demonstrated in saliva, crevicular fluid, tooth
root development involves the interaction of buds, dental pulp, oral mucosa, and
the dental epithelium and the cranial neural periodontal tissue’. Fibronectin and integrins
crest-derived mesenchyme®. play crucial roles in a variety of morphogenetic
Fibronectin is a glycoprotein that is present on processes, in which they mediate cell
many cells surfaces, in extracellular fluids, in adhesion, migration, and signal transduction.
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They induce hierarchical transmembrane
organization of cytoskeletal and signaling
molecules into multimolecular complexes of
more than 30 proteins™®.

The present work is designed to investigate for
the first time the possible biological
significance of the exogenous fibronectin on
the developing rat tooth germ in vivo.

MATERIALS AND METHODS

A. Purification of rat plasma fibronectin

The research protocol was approved by the
institutional review board at the College of
Medicine,Alnahrain University ,Baghdad-Iraq
in 2001.The blood of ten albino Wister adult
rats was used for the extraction of fn using
series of column chromatographic techniques .
In brief, the citrated rat plasma was mixed with
serine protease inhibitor ( & amino-a-
hexanoic acid) at a concentration of 0.04 M
.Then the plasma was applied to a column of
sepharose-4B ( 2.5 x 12 cm ) equilibrated with
0.05 M tris — HCI buffer (pH= 7.5 ) containing
0.04 M ¢ - amino - a - hexanoic acid and 0.02
% (W/V) sodium azide .The column was eluted
with the same buffer and proteins that appear
in the void volume were applied to a column of
CNBr-activated gelatin-sepharose 4B (2.5x 10
cm ) that was equilibrated with the above
buffer .This column was first washed with the
equilibrating buffer then with 50 ml of 0.2 M
arginine in 0.05M tris- HCI buffer ( pH=7.5)
.Following dialysis ,the Fn containing eluate
was applied to a second affinity column of
arginine- sepharose(2.5x 10cm ) equilibrated
with 0.05 M tris-HCI buffer (pH= 7.5 ). After
washing this column with the equilibrating
buffer, Fn was eluted with 0.1 M NacCl in the
above buffer'’,

Protein concentration of the purified extract
was determined by the Lowery method,
1951"?. The purity and molecular weight of
the extracted Fn was checked by sodium
dodecyl sulphate (SDS-PAGE) polyacrylamide
gel electrophoresis™  under  denatured
conditions. The gel was fixed with methanol
acetic acid and stained with ammoniacal silver
stain®* and photographed (Figure 1) .The
identity and the purity of the extracted fn was
checked by the immunodiffusion test using
rabbit anti fn antibody. The concentration of Fn
in solution was determined by assuming that
the extinction coefficient of pure fn at 280 nm
is 12.8"

B. Application of Fibronectin in vivo

Twenty-five one-day old albino rats were used
at a time where their tooth germs in the bell
stage (figure 2A, and 2B). Each neonate was
injected on the right side of maxillary molar
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tooth germ with 0.05 ml of 100 pg /ml of the
purified rat plasma fn. The other side which
served as a control was injected with 0.05 ml
of 0.9% NaCl, These rats was decapitated at
an age of 15 days as the crowns of the first
and second molars was fully formed.

C. Processing for light and scanning
electron microscopical studies

For scanning electron microscopical studies:
The heads of embryos were dissected and
fixed with  Karnovisky Fixative (3%
formaldehyde, and 2% paraformaldehyde) for
at least 24hours, decalcified with 10% nitric
acid for 3-4 days. Washed specimens were
incubated in 0.05M cocodylate buffer solution
for 16 hours at 4 -C. The tooth germs removed
after dissecting the maxillary ridge in the
vertical plane, were Kkept in osmium
tetrachloride for 1.5 hr at 4 Co.. Wash and
dehydrate the specimens with serial acetone
dilutions then with absolute acetone solution.
The specimen were coated with gold and

examined under scanning electron
microscope™.

For light microscopical studies: The
specimens were fixed with Karnovisky

Fixative, decalcified with 10% nitric acid for 3-4
days then gradually dehydrated with series of
increasing percentages of alcohol and
embedded in a melted paraffin. Sections of
4um were cut by the microtome , mounted on
glass slides, stained with hematoxylin and
eosin stain and were examined by Leitz light
microscope 7.

RESULTS

Molar Tooth Germ Area in the Controls:
Figures 2A & 2B reveal the maxillary molar
area of one day old albino rat, the time at
which the tooth germ was in the bell stage.
This area was injected with normal saline (0.05
ml of 0.9% NaCl) to serve as a control
whereas the opposite side was injected with
extracted rat plasma fibronectin (0.05 ml of
100 pg /ml). After 15 days, the animal is
decapitated and the tooth germs from both
sides were processed as mentioned and
subjected to microscopical examination.

In figure 3A, the odontoblast cell bodies under
light microscope appear columnar in shape
with large oval nuclei which were elongated
along the apical-basal axis and fill the basal
part of the cell .The differentiated odontoblasts
have secreted predentin matrix. Odontoblasts
look short, barrel pseudo stratified with space
in between when they were examined under
scanning electron microscope (Figure 3B).
Under the light microscope, the pulp showed
numerous fibroblast cells which were the most
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abundant cell type and appear spindle in
shape with a large nucleus. Pulp fibroblasts
were connected by desmosome-like and gap
junctions (arrows in figure 3A).
Undifferentiated mesenchymal cells were also
detected as polyhedral in shape (Figure 3A). In
the scanning electron micrograph, the collagen
fibers appear scattered throughout the pulp. At
higher magnification, the pulp showed
scattered cells with obviously twisted collagen
fibers (Figures 3 C and 3D).

Experimental Molar Tooth Germ Area
(treated with fibronectin):

Odontoblast cell bodies under the light
microscope were shown to be more elongated,
closely packed together as compared to the
controls (Figure 4 A). The width of the
predentin and shape of the odontoblasts in
those treated with fibronectin were not different
from the controls. Yet, these cells when
examined under the scanning electron
microscope were observed to be elongated,
packed with extracellular structure that
appears as a patchy like material on their
surfaces (Figure 4B). Odontoblasts aligned at
the pulp periphery or included in the dentin
matrix. Odontoblast cell body elongation was
moving toward the pulp core. The pulp showed
packed cells where fn deposited as fibrillar
structures on the cell surfaces and in between
some cells (Figure 4C). The collagen fibers are
packed together and are adherent to the cells
and they are less twisted in comparison to
those of the control group (Figure 4D).

In figure 4E, the fibronectin was found to be
expressed at the apical surface of dental
mesenchyme cells. Fibronectin is deposited on
the surfaces of cells as fibrillar network, as
dense fibers that link between cells, and
surrounding the odontoblast cell surface.
Some odontoblasts express lateral branching.

DISCUSSION

This study has provided the first direct
evidence concerning the in vivo effect of
fibronectin on the differentiation of odontoblast
in rat tooth development. The developing tooth
is an excellent model for studying the
molecular mechanisms of morphogenesis'®.
Tooth morphogenesis in mice starts at embryo
day (E) 11.5, when the oral ectoderm
invaginates into the underlying mesenchymelg.
Continuation of this process results in the
formation of epithelial tooth buds at E13.5.
Ectomesenchymal cells surrounding the bud
form the dental papilla, which later develop
into dentin-secreting odontoblasts and the
tooth pulp. Following the bud stage, the tooth
germ develops to the cap and bell stages, and
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dental epithelium differentiates into polarized
and elongated enamel secreting
ameloblasts'®.

Odontoblast differentiation is characterized by
a sequence of events: withdrawal from the cell
cycle, cytological polarization, and secretion of
predentin/dentin®. All these steps are achieved
within six hours in the mouse, and most of
them are cytoskeleton-dependent™ .

Our result showed that injection of exogenous
fn affect the development of dental papilla cells
specially odontoblasts causing their packing
and elongation. This finding is consistent with
those of Tziafas et al.,1992% who found
formation of an elongated cell layer that
contacts the implant  Millipore filler
supplemented with 1 mg /ml bovine plasma fn
in dental pulp of dog. Tziafas® observed an
initiation of reparative dentinogenesis in the
dental pulp of young dog treated with fn .
Concerning fibronectin, a weak or negative
localization is seen in the condensed
mesenchyme surrounding the dental lamina. In
the cap stage, different patterns of the
distribution between tenascin and fibronectin
are evident in the human tooth germ. Strong
tenascin accumulation is present in the dental
papilla under the basal membrane,
preodontogenic layer and osteogenic tissue of
alveolar bone. However, tenascin is
immunohistochemically negative in the dental
follicle, the fibroblastic layer developing into
the periodontium?*,

Thesleff et al. (1987) reported that when
purified plasma fibronectin was added at 50 pug
/ml to the -culture medium, it became
incorporated as fibrillar matrix on the surfaces
of dental papilla cells. This indicates that the
cells are not deficient in cell-surface receptors
or other surface-associated molecules which
bind fibronectin. When the cells were
disaggregated and cultured at high cell
density, the cells in the central area of the
pellet were covered by fibronectin containing
fibrillar structures which were lost as the cells
spread out. This indicates that the
maintenance of close contacts between the
dental papilla cells is required for the assembly
of fibronectin into the extracellular matrix ®®
Odontoblasts synthesize and secrete several
collagenous and noncollagenous proteins to
form the unique extracellular matrix (ECM) of
dentin®®. The cells in contact with the
basement membrane elongate polarize, and
start to synthesize predentin and then dentin
components such as type |, type V, and type
VI collagens. Dentine is a biologically active,
convoluted tissue secreted by specialized
odontoblasts. Whilst collagen forms the bulk of
its matrix, non-collagenous proteins have also
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been identified, which may have an important
role in guiding cytodifferentiation, secretion of
matrix and its mineralization. For instance,
dentine  phosphoproteins and  dentine
sialoproteins have been suggested to be
involved in mineralization process ',
Fibronectin transitorily accumulates at the
apical surface of dental mesenchyme cells and
polarizing preodontoblasts and at later stages,
surrounds the odontoblast cell surface®?’.
These fibronectin expression patterns in
develog)ing teeth agree with a previous
report®. Zhang et al.( 2007)reported that FN
was located in the epithelium and dental
mesenchyme on bud stage, but on bell stage,
the FN was found at the region of
differentiating odontoblasts and in the inner
enamel epithelium, and also BMP-2, 4 were
abundant mainly at the brisk region of
differentiating odontoblasts™".

We found that Pulp fibroblasts were connected
by desmosome-like and gap junctions, which
facilitate intercellular communication. This also
implies that if the cells move or translocate,
this communication may be broken. Goldberg
and Smith (2004) reported that lateral
branching may contribute to cell-cell
communication and cell-matrix communication
and may possibly be involved in peritubular
dentin formation. Odontoblasts, like many
other cells, may use intermediary filaments to
provide spatial information .Functionally, the
secretory odontoblast can be considered to
consist of two distinct parts: the cell body
involved in the synthesis and control of cellular
and extracellular proteins, and the process
whereby  secretion and limited re-
internalization occur. The odontoblast process
consists of one main trunk with numerous
lateral branches along its length. The process
is limited by a plasma membrane and contains
predominantly cytoskeletal components®.

In the present study, some of the extracellular
materials on odontoblast surface are
organized as small patches rather than being
in fibrillar form. These findings coincide with
the results of Hedman et al*®* who showed that
the fibroblast cell have small patches of
amorphous fn containing material on the cell
membrane. Fibronectin is re-distributed
during odontoblast polarization and interacts
with the cell surface. Lesot and coworkers
reported that fibronectin transitorily
accumulates at the apical surface of dental
mesenchyme cells and polarizing
preodontoblasts and at later sta%es, surrounds
the odontoblast cell surface® *. An in vivo
study conducted on dog dental pulp tissue to
determine immunolocalization of fibronectin
after interaction of pulp with Ca(OH)2-
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containing material showed that fibronectin
had a strong association with micro crystals
formed at the surface of the cement ©¥
Following its adsorption on the cement, a new
biochemically active surface is formed serving
the same role which the basement membrane
plays for cellular mechanics of odontoblasts
during developmental stages. There s
evidence that Ca++ stimulates synthesis of
fibronectin in dental pulp cells**

Ishikawa et al. (2010) indicated that following
an injury, granular retaining dental pulp cells
(transit-amplifying cells) present in the
subodontoblastic layer first migrate and
differentiate into odontoblast-like cells without

proliferation to replace the lost original
odontoblasts®

Ca(OH), has been shown to increase
recruitment, migration, proliferation and

mineralization of dental pulp stem cells®® thus
facilitating the whole process of reparative
dentinogenesis in such cases.An in vitro
study34 was carried out by treating human
dental pulp cells with high concentration of
Ca'". The authors concluded that raised
concentration of Ca™ in pulp tissue achieved
owing to its release from applied Ca(OH),-
induced fibronectin synthesis in pulp cells,
followed by accretion of fibronectin in necrotic
tissue adjacent to the healthy pulp. This
accumulated fibronectin might then induce
differentiation and secretion in odontoblasts.
The mRNA levels of BMP-2 have also been
found to increase under elevated Ca’™ culture
conditions in a study that suggested the Ca™"
from Ca(OH), specifically modulated BMP-2
levels in pulp tissue to effect repair process®”
Alkaline conditions in culture medium also
raise expression of mMRNA for BMP-2 in human
dental pulp cells® Tada etal. (2010)
conducted a research on cultured human
dental pulp cells suggested that modulation of
gene expression for BMP-2 through elevated
extracellular Ca™ from Ca(OH), may be a
crucial  mechanism  for induction  of
dentinogenesis® Expression of fibronectin has
been demonstrated in vivo in dental pulps
following pulp capping with Ca(OH)24°.

In conclusion, the interaction of fn and the
odontoblasts promotes cell to cell adhesion
and regulates odontoblasts differentiation such
changes are important for dentinogenesis and
may be exploited in the treatment of tooth
development disorders and human periodontal
defects.
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Fig. 1. Discontinuous sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-
PAGE) of the extracted fibronectin from the rat plasma. Lane A and B: rat plasma fibronectin
(one pg), lane C: molecular weight markers (5 pg):-bovine serum albumin 68kd, myokinase
100kd, lyophilized fibronectin (subunit) 220kd, catalase 330kd, and thyroglobulin 669kd
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Fig. 2A: Light micrograph (10X) of fully formed crown of 15 days old rat. At the bell stage the
form of the tooth crown is established, and odontoblasts and ameloblasts differentiate and
start to secrete dentin (D) and enamel matrices (E), respectively. (P) Dental pulp .The
differentiated odontoblasts have secreted predentin matrix and the epithelial cells are
polarizing into ameloblasts

. T

Fig. 2B: Scaning electron micrograph (600X) offully formed
crown of 15 days old rat. (E) Enamel, (D) dentin
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Fig. 3A: Th crwn offlfteen days old rat (control) under light microscope, stained with
hematoxylin and eosin.(40X) shows odontoblast cells(Od),fibroblast(F),and undifferentiated
mesenchymal cell(m)

Fig. 3B: scanning electron mlcrogfaph (600X) shbws the pljlp of the mblar crown of 15 days
old rat (control).The odontoblast cells (od) are located at the tip of the cusp. (P) Dental pulp
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Fig. 3C: scanning electron microscope (magnification 2800X) shows the pulp (P) of t molar
crown and collagen fibers (CF) of 15 days old rat (control)

Fig. 3D: Higher magnification of figure 5 (magnification 5700X) shows the twisted collagen
fibers (CF) of 15 days old rat (control)
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Fig. 4A: light photography (magnification 40X) of the molar crown of 15 days old rat treated

with exogenous rat plasma fibronectin (100ug/ml) showing elongated odontoblast cells (Od)

Fig. 4B: odontoblast cells (Od) withpatchy like matrix (ma) at the side of the crown of rat
treated with exogenous rat plasma fibronectin (100ug/ml). Magnification 1200X
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Fig. 4C: scanning electron microscope (magnification 1200X) shows odontoblast cells (Od) at
the tips of the cusp. The cells were treated with exogenous rat plasma fibronectin (100ug/ml)
and processed after 15 days

o

Fig. 4D: scanning electron microscope (magnification 2800X) shows the incorporation of the
injected rat fibronectin in the pulp after 15 days .Cells(C), fibronectin (Fn). Fibronectin is
deposited on the surfaces of cells as fibrillar network, as dense fibers that link between cells,
and surrounding the odontoblast cell surface.
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