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INTRODUCTION 

The mammalian palate develops from the 
primary palate and the palatal shelves. The primary 
palate is derived from the frontonasal process, 
whereas the palatal shelves extend bilaterally from 
the internal surfaces of the maxillary processes, 
which will give rise to the hard palate in the anterior 

and the soft palate in the posterior. Elevation and 
fusion of the palatal shelves are two major events 
for palatogenesis. Perturbation of any step of 
palatogenesis can cause cleft palate, one of the 
most frequent congenital birth defects in the human 
population. A large number of the cleft palate cases 
involve the soft palate and submucous cleft. (1, 2)
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ABSTRACT
Background: Maternal smoking has been linked to an increased risk for orofacial clefts. N’- 

nitrosonornicotine (NNN) is one of the tobacco specific nitrosamines that has been showed to be 
linked to the deleterious effects of tobacco and could linked to the formation cleft birth defects. 

Objective|: The aim of the present study was to evaluate the effects of N’- nitrosonornicotine 
(NNN) on palatal fusion in mice and the role of transforming growth factor α during palatogenesis. 

Methodology: Adult C57BL/6J mice of 7-12 weeks old and weighing about 20-35 g were utilized 
in this experiment. Females were mated overnight with males. Twenty four pregnant mice were 
divided into two equal groups, group I, a control group (n=10), which received dimethylsulphoxide 
(DMSO) and group II, an experimental group (n=10), which received N’- nitrosonornicotine (NNN) 
dissolved in dimethylsulphoxide (DMSO). Histological and immunohistochemical effects of NNN 
on the palatogenesis of mice prenatally were evaluated.

Results: The results demonstrated that administration of NNN inhibit fusion of the palatal 
processes in mice. 

Conclusion: There is a tight regulatory relationship between the TGFα and the normal palate 
development.  
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The incidence of palatal clefts is about 1/500 
to 1/1000 live births worldwide. (3)  Causes of cleft 
palate are complex, with multiple genetic and en-
vironmental factors.Genetic factors contributing to 
cleft palate formation have been identified for some 
syndromic cases. Accordingly, Orofacial clefts have 
also been categorized into syndromic and non-syn-
dromic clefts. The majority of clefts, almost 70% 
are regarded as non-syndromic.(4)  More than 300 
syndromes have been described in which an orofa-
cial cleft is part of the disorder as Van der Woude 
syndrome, Siderius X-linked mental retardation 
syndrome, Loeys-Dietz syndrome, Hardikar syn-
drome and Patau syndrome.(5,6)

In the mouse embryo, palate shelves grow and 
elevate into a horizontal position by postcoital day 
14 (E14). The two palatal shelves fuse in the mid-
line and extend anteriorly to fuse with the primary 
palate and nasal septum. The medial edge epithe-
lia (MEE) of the opposing palatal shelves form the 
midline epithelial seam (MES), which eventually 
disappears following palate fusion. (7-9)

    It is generally accepted that exposure to nico-
tine has adverse effects on fetal development. High-
er mortality rates and lower birth weights are as-
sociated with maternal smoking during pregnancy. 
(10-12) Animal studies have shown that nicotine ad-
ministration during pregnancy resulted in delayed 
implantation and decreased fetal weight, (13) abnor-
mal incisor and molar formation,(14,15) and delayed 
tongue development. (16) Maternal cigarette smok-
ing as a risk factor for cleft palate has been demon-
strated. (17-19) In addition, fetal cleft palates can be 
induced in goats by maternal gavage of nicotinana 
glauca. (20-21) Cleft palate was also induced in mice 
by daily maternal nicotine hemisulfate injections 
from gestational days 6–15. (22) Epidemiological 
studies have established a significant positive corre-
lation between maternal smoking and an increased 
risk for orofacial clefts in humans. (23,24) Studies in 
mice have also shown that cleft palate can result 
from exposure in utero to tobacco smoke. (25)

Tobacco-specific nitrosamines are a group of car-
cinogens found only in tobacco products. They are 
formed by nitrosation of nicotine and related tobac-
co alkaloids. Seven tobacco-specific nitrosamines 
NNN, NNK, NNAL, NAT, NAB, iso-NNAL, and 
iso-NNAC- have been identified in tobacco prod-
ucts. (26) NNN, NNK, and NAT generally occur in 
quantities greater than the others. NNN, NNK, and 
NNAL are clearly the most carcinogenic of these 
compounds. Daily exposure to tobacco-specific ni-
trosamines is estimated at up to 20 mg in smokers 
and 68 mg in snuff-dippers. The exposure of non-
smokers to NNK has been confirmed by quantita-
tion of its metabolites in the urine of people exposed 
to environmental tobacco smoke.  Although uptake 
of NNK in non-smokers exposed to environmen-
tal tobacco smoke was only one-seventieth that of 
smokers, the potential for widespread exposure of 
both smokers and non-smokers to these compounds 
has been demonstrated. Consequently, tobacco spe-
cific nitrosamines can contribute to background 
DNA adduct formation. (27)

     Growth factors are proteins that bind to recep-
tors on the cell surface, with the primary result of ac-
tivating cellular proliferation and/or differentiation. 
Many growth factors are quite versatile, stimulating 
cellular division in numerous different cell types; 
while others are specific to a particular cell-type. 
Many biological agents regulate epithelial mesen-
chymal transformation (EMT) during palate devel-
opment. There are numerous experiments that sup-
port the hypothesis that transforming growth factor 
(TGF) β3 contributes to palatal fusion. (27–31) Tgfβ3 
and type II Tgfβ receptors (TβR-II) are localized in 
the middle edge epithelium (MEE) before fusion (32). 
Tgfβ3 transgenic and knockout mice have cleft pal-
ate as their only craniofacial birth defect. (28-29) When 
palatal shelves from Tgfβ3 knockout mice were 
cultured, the midline epithelia failed to go through 
EMT. (30) The addition of TGFβ3 into culture media 
rescued the fusion of the palates from Tgfβ3-null 
mice. (31) Interestingly, although chickens have natu-
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rally open palates, the cultured palatal shelves fused 
when TGFβ3 was added into the media. (33)

During fetal development TGF-alpha is ex-
pressed in numerous organs including the palate.  
On studying the distribution of transforming growth 
factor and the transforming growth factor receptors 
during palatal fusion immunocytochemically on 
different embryonic days, some authors found that 
regional and temporal differences in staining for the 
transforming and epidermal growth factor receptors 
suggested that these molecules may play an impor-
tant role in normal palate development in vivo, par-
ticularly in degeneration of the midline epithelial 
seam. (34, 35)

    The present study was designed to determine 
the effects of NNN on the palatal fusion of mice 
prenatally and to evaluate the transforming growth 
factor receptor (TGFR) in the cell membrane of 
middle epithelial seam by its monoclonal antibody.

MATERIALS AND METHODS

Chemicals:  N’- nitrosonornicotine (NNN) (To-
ronto Research Chemical Inc. Ontario, Canada)), 
NNN is greater than 95% pure, as determined by 
high performance liquid chromatography on C18-µ 
Bondapak reverse phase column. Dimethylsulphox-
ide (DMSO) (Sigma, St. Louis, MO) and chloro-
form were also used in this study.

Animals: Mouse strain C57BL/6J was used. Vir-
gin females, 7-12 weeks old and weighing about 20- 
35 g, were mated overnight with males of known 
fertility. The presence of a vaginal plug the follow-
ing morning signified the day 0 of pregnancy. The 
pregnant mice were housed singly in metallic cages 
at constant temperature (22-24° c) with 12/12 light/
dark cycle and humidity (30-50 %). They had free 
access to stock laboratory food ad libitum with tap 
water. 

Treatment: Twenty pregnant mice were divided 
into two groups. The first group (control group) in-

cluded 10 pregnant mice was administered dimeth-
ylsulphoxide (DMSO) in a single dose at 10th day 
of gestation then sacrificed by chloroform inhala-
tion at the 17th day of gestation. The second group 
(experimental group) included 10 pregnant mice 
that injected with 400mg/kg (1.95mM) N’- nitro-
sonornicotine (NNN) dissolved in DMSO in a sin-
gle intraperitoneal dose at 10th gestational day then 
sacrificed by chloroform inhalation at the 17th day 
of gestation. The fetuses were aseptically removed 
from the uterine horns.

Tissue preparation and staining procedures: 
The heads of all fetuses were fixed in Bouin’s solu-
tion for three days. The fixed tissues were washed, 
dehydrated, and then cleared.  The cleared tissue 
were then infiltrated by molten paraffin wax and 
constructed in a sliding microtome. Coronal tissue 
sections of 5-6 µm thickness were cut. The tissue 
sections were then stained by hematoxylin and eo-
sin (H&E) for histological examination. The im-
mune-histochemical examination was performed 
by evaluating the concentration of antigen within 
tissue for estimating the relative intensity of a chro-
mogen label of TGFR. Some sections were covered 
with non-immune protein blocking serum, incubat-
ed with biotylinated secondary antibody and strep-
tavidin enzyme. Coronal tissue sections of 5 µm 
thickness were mounted on an electrically charged 
slide. Deparaffinization and rehydration of the tis-
sue sections were performed in order to be ready for 
application of blocking of endogenous peroxidase 
using H2O2 methanol. Enzymatic treatment was per-
formed by putting the slides in a solution to enhance 
the reaction in hot oven for 1 hour. Tissue sections, 
after that, were covered with non-immune protein 
blocking serum in humidity chamber for 30 minutes 
(protein blocking). Two-three drops of the mono-
clonal mice primary antibody was applied, follow-
ing by incubation in a humidity chamber for 1 hour 
at room temperature. After washing the slides with 
phosphate buffered saline (PBS), they were incubat-
ed with biotylinated secondary antibody in humidity 
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chamber for 30 minutes at room temperature. Tissue 
sections, after that, were incubated with streptavi-
din enzyme in humidity chamber for 30 minutes at 
room temperature. The transforming growth factor 
(TGF) receptor in the cell membrane of MEE was 
evaluated by its monoclonal antibody (Golden Lab, 
USA) using streptavidin biotin method.  Diami-
nobenzidine (DAB) was applied to develop color. 
Tissue sections, after that, were counterstained with 
Mayer’s hematoxylin for 30-40 seconds in order to 
be ready for microscopic examination.The exami-
nation was performed by evaluating the concentra-
tion of antigen within tissue for estimating the rela-
tive intensity of a chromogen label of TGFR. 

Statistical analysis: Statical analysis of the ob-
tained results was done according to (Snedcor and 
cochran, 1980). (36)  The frequencies of cleft palate 
in the experimental and control groups were col-
lected and statistically analyzed. Statistical analysis 
of recorded data of both groups was done using X2 
test to determine the significant relationship (P=0) 
between NNN administration and frequency of cleft 
palate induction.

RESULTS

In the Toxicity assay, no maternal death occurred 
in control and experimental group during the 
investigation period. The pregnant mice were in 
good health and free from signs of any diseases. 
However, three adult female animals died within 2-3 
days. In addition, two animals were sick for a short 

time (vomiting) but recovered. The remaining rats 
did not show any toxic effects. Statistical analysis of 
data of both control group and NNN-treated group 
(Tab.1) indicate that, there was a highly significant 
relationship between the NNN administration and 
frequency of cleft palate induction (Fig. 1).

Histological examination of secondary palate of 
control group which were given DMSO and sacrificed 
at 17th gestational day showed that no cleft occurred 
in all fetuses or offspring.  The palatine shelves were 
in a horizontal position, well developed, and fused 
completely with each other. At the area of fusion, the 
epithelial seam was completely degenerated with 
no epithelial remnant. The histological examination 
of the experimental group was given NNN on 10th 
of gestation and sacrificed at 17th gestational day 
demonstrated a variety of histologic appearance. 
Some of them were completely bilaterally 
clefted, while the others were unilaterally clefted. 
In bilateral clefts many of them demonstrated 
horizontally directed under developed palatine 
shelves lied lateral to the highly positioned tongue, 
the tongue was reached to the nasal septum. In other 
cases, the palatine shelves were underdeveloped, 
one of them was directed vertically and the other 
was directed horizontally and both fail to reach to 
the midline. In unilateral clefts, the palatine shelves 
were directed horizontally, one of them was fused 
with the primary palate and nasal septum, while the 
other fail to reach to the midline. The epithelium 
covering the palatine shelves of bilateral cleft and 

TABLE (1) Effect of NNN administration on the frequency of cleft palate

  Control group NNN treated group

Total  number of fetuses 20 20

Fetuses with cleft palate 0      (0%) 15    (75%)

Fetuses with complete palatal closure 20     (100%)  3    (15%)

Fetuses with  palatine closure  with persistence  of medial epithelial seam 0     (0%) 2     (10%)

X2 = 32.21 **        P   =     0
**Means the value showed highly significant relationship
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un-fused shelf of unilateral one was intact and the 
basement membrane retained its structural integrity. 
The underlining mesenchymal tissue of the shelves 
was not condensed by mesenchymal cells that seen 
in control group (Figs.2, 3). On other hand, the 
histological examination of this group revealed 
that, some fetuses have a complete palatal closure 
in which the palatine shelves were in a horizontal 
position and well developed. These shelves fused 
completely with each other medially (Tab.1).

The examination of immunohistochemically 
stained slides  of the control and experimental 
group (NNN administered group) revealed different 

immuno-expression of TGFα. In the control group, 
the immune-expression of TGFα was high in the 
epithelium and less intense in the mesenchyme. 
Both epithelial and mesencymal compartments 
show extensive proliferation (Figs. 4-6). But, in the 
experimental group the expression of TGFα was 
faint compared to the control group in the palatal 
epithelium and nearly absent in the mesenchymal 
cells and ossifying centers and epithelial seam 
cells. The mesenchyme showed a dramatic decrease 
of the proliferative activity. In some specimens 
immunoabelling for TGFα continuous to be seen in 
the isolated epithelia islands (Figs. 7,8).

Fig. (1) Show percentage of cleft palate in both groups.

Fig. (2) Photomicrograph of coronal section of NNN-treated 
group of the palate, showing: bilateral cleft palate with 
horizontally positioned and underdeveloped palatal 
shelves.  (H&E., X 100).

Fig. (3) Photomicrograph of coronal section of NNN treated 
group showing: unilateral cleft palate with under 
developed palatal shelf.    (H&E., X 200).
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Fig. (4) Photomicrograph of coronal section at the middle third 
of the palate of the control group, showing: expression 
of TGF in the superficial layer of the palatal epithelium.              
(TGFα X200).

Fig. (6) Photomicrograph of coronal section at the middle third 
of the palate of the control group, showing: Expression 
of TGF in the superficial layer of the palatal epithelium 
and mesenchymal compartment. (TGF X 400).

Fig. (8) Photomicrograph of experimental group (NNN treated 
group), showing: faint reaction to TGF in the palatal 
epithelium and mesencymal compartments with less 
proliferative activity. (TGF X 400)

Fig. (5) Photomicrograph of coronal section at the middle 
third of the palate of the control group, showing: 
Expression of TGF in the superficial layer of the 
palatal epithelium and mesenchymal compartment.                                                                                                         
(TGF X200).

Fig. (7) Photomicrograph of experimental group (NNN treated 
group), showing: faint reaction to TGF in the palatal 
epithelium and mesencymal compartments with less 
proliferative activity. (TGF X 200)
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DISCUSSION 

Orofacial clefting is a commonly reported 
congenital anomaly, and is therefore of considerable 
clinical  importance. Cleft palate is also important 
because of their conspicuousness, as well as 
their  attendant effects on speech, hearing and 
psychological well-being. 

In this study the data in table 1 demonstrated 
that in the NNN administered group 15 fetuses with 
cleft palate (75%). On other hand, the spontaneous 
palatal clefts in the control group were (0%). The 
epithelial seam of the control group was completely 
degenerated and no epithelial remnant observed at 
the site of fusion of palatal shelves. The epithelial 
lining of both oral and nasal sides is of normal 
thickness and integrity. The mesenchymal tissue 
appeared condensed with normal behavior of 
calcification.

The present work showed that NNN affect the 
normal palate development. Maternal administration 
of NNN affects the growth, elevation of the palatal 
shelves into horizontal position, adhesion and 
fusion of the opposing palatal shelves leading to 
cleft palate. These results were in agreement with 
the observations of many authors.(23-25)

Most of cleft palate fetuses or offsprings showed 
under developed palatal shelves and this  may re-
lated to inhibition of proliferation and growth of 
both epithelial and mesenchymal tissues. This find-
ing was parallel to that reported by (22) who reported 
that NNN inhibit the palatal shelves initiation and 
growth. Additionally, (26,27) reported that prenatal 
NNN exposure affects the regional accumulation 
and hydration of mucopolysaccharides, mainly hy-
aluronic acid, which provides an intrinsic shelf force 
essential to move the palatal shelf into horizontal 
position above the dorsum surface of the tongue.

In addition to the previous findings the histological 
examination showed that, there were vertically 
directed palatine shelves instead of horizontally 

positioned one in many fetuses and offsprings 
which might be related to failure of tongue drooping 
during mandibular development. This finding was 
coincidentally with Taya et al., 1999.(37) Failure of 
dropping of the tongue indicates that NNN not only 
affect the palatal development but might interfere 
with normal tongue and mandible development 
and growth. Gato A. 2002(38) & Tudela C. 2002 (39) 
reported that NNN also affect the adherence and 
fusion between the palatal shelves by affecting the 
cell adhesion molecules, desmosomal components 
and growth factors essential for initial adhesion of 
palatal shelves, increasing the surface area of medial 
edge epithelium through induction of cellular 
bulges and filopodia and promoting degeneration 
of medial edge epithelium.  Yamamoto 2003 (40) 
reported that the medial edge epithelial (MEE) cells 
must stop DNA synthesis prior to the initial contact 
of opposing palatal shelves, otherwise, programmed 
cell death of MEE cells were prevented leading to 
cleft palate. 

The histological examination of fetuses and 
offsprings of NNN administered group revealed that 
the epithelial seam at the site of fusion was persisted 
with no signs of degeneration. This indicates that 
maternal NNN administration led to continued 
medial edge epithelium cells proliferation and 
decreased medial edge epithelium cells apoptosis and 
decreased epithelial mesenchymal transformation. 
This finding might interpreted by Shuler C.F. et al., 
1991  (41) who reported that , NNN not only induce 
cleft palate malformation but also interfere with the 
apoptotic process of the epithelial seam, and prevent 
the formation of lysosomes needed for apoptosis. In 
general, maternal  smoking  was  retrieved  as  a  
risk  factor only  for  cleft  palate  types  while  other  
authors  found  a smoking  risk  for  both  types  of  
clefts. (42-45)

The effects of NNN and NNK are believed to be 
initiated by the formation of promutagenic DNA-
adducts from reactive metabolites  (Hecht and 
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Hoffmann, 1988 (46); Hecht et al., 1993)(47) . It has 
been shown that the smoking of tobacco during 
pregnancy has the potential to cause craniofacial 
birth defects in humans (Chung et al., 2000(48); 
Little et al., 2004b)(49) and mice (Seller and Bnait, 
1995)(50) . In addition to smoking, nicotine exposure 
by other manners alters craniofacial development. 
Panter et al., 2000(51) showed that feeding leaves of 
Nicotiana glauca induced cleft palate in goats and 
sheep, and Winn 1998 (52) reported an increased 
incidence of cleft palate after NNK treatment of 
CD -1 mice. Although numerous effects have been 
documented the mechanism of NNN induction of 
craniofacial malformation has not been determined. 
These results provide evidence that NNN specifically 
alters programs of cell proliferation and cell death 
in defined populations of palatal cells critical for 
completion of the normal process of palatogenesis.

Takashi et al., 2005 (53) demonstrated that NNN 
inhibits the program for palatal fusion in organ culture 
by a direct effect on the MEE. NNN treatment results 
in maintenance of MEE in the midline seam through 
continued MEE cell proliferation and decreased 
MEE cell death. Molecular changes linked to either 
cell proliferation or cell death are altered by NNN 
in a manner consistent with the changes observed in 
the cells. These observations may be linked to the 
mechanisms associated with the increased incidence 
of craniofacial clefting in children born to mothers 
who smoke during pregnancy. 

Yamamoto et al.2003 (40) found that NNN at a 
concentration of 1 mM led to continued MEE cell 
proliferation and decreased MEE cell apoptoses at 
critical stage of development. It has been shown 
that inhibiting the cessation of DNA synthesis in the 
MEE will lead to a cleft palate malformation These 
observations indicate that NNN must be affecting 
molecular mechanisms critical to DNA synthesis 
and cell proliferation. It was found that 1 mM NNN 
caused the greatest alteration of MEE cell fate. The 

typical concentrations of nitrosamine and nicotine 
used in monolayer cell culture model systems are 
in the range from100nM to 10M (Cucina et al.,  
2000).(54) 

However, other authors have shown that the 
concentration of nicotine required to observe an 
effect in organ culture models was higher, requiring 
concentrations between 0.6 and 6 mM to inhibit 
palatal fusion (Kang and Svoboda, 2003).(55) These 
differences are probably due to differences in the 
permeability of chemicals between organ culture 
and monolayer cell culture models. Although 
the level of NNN has never been determined in 
smokers, there are 1000–10,000 fold lower levels of 
NNN in tobacco smoke when compared to nicotine 
(Roemer et al., 2004),(56) thus it might be expected 
that only nanomolar concentrations would occur in 
smoker’s blood, however levels of NNN have not 
been characterized in smokers or fetuses exposed 
to tobacco-smoke by products. While the NNN 
concentrations used in the present organ culture 
model might be higher than the level of NNN found 
in arterial blood from smokers, the effects of NNN 
distribution to tissues through the circulation and 
concentration of NNN in specific sites can not be 
replicated in this model. 

From the  immunohistochemical point of view, 
staining of the TGFα used in the present study 
showed a faint reaction in the palatal epithelium 
and medial epithelial seam of the experimental 
group. On other hand, the TGF was expressed in 
the palatal epithelium of the control group. TGFR 
was expressed strongly in palatal cells and in the 
mesenchyme cells. In treated palates, the expression 
of TGFR was maintained in this region and hyper-
proliferation was observed. TGF was observed to 
increase with gestational age in palatal cells and 
expression declined in response to NNN. Our results 
point to a tight regulatory relationship between the 
TGF and the normal palate development. The results 
obtained from this study proposed that slight shift in 
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the TGF distribution could alter the normal medial 
edge epithelium apoptosis and differentiation with 
consequence inhibition of palatal fusion. 

This study showed the immunolocalization 
of TGFα and its receptor throughout the palatal 
fusion processes as well as its association with 
cell proliferation and differentiation. TGFα and 
TGFR were highly expressed in epithelial cells 
and less intensely in the mesenchymal tissue of 
palatal shelf. As the epithelial seam degenerated 
there was a general increase in epithelial staining 
for TGFα and TGFR, particularly in the seam 
remnants. Proliferative activity was very high in 
both the mesenchyme and the epithelia during 
early palatal development. It gradually decreased in 
mesenchyme, whereas it persisted in oral and nasal 
epithelia. TGFα has been shown to be mitogenic for 
a variety of epithelia and other tissues. In addition, 
TGFα is capable at promoting not only epithelial 
cell growth but also cell differentiation (Helene et 
al., 1994).(57) The growth and differentiation of the 
oral, nasal and MEE are probably very dependent 
upon TGF» and its receptor.

The present findings may be correlated with 
Xun Xu et al., 2006 (58) who showed that epithelial- 
mesenchymal transformation does not occur in the 
process of palatal fusion. TGF-βIIR plays a crucial, 
cell autonomous role in regulating the fate of MEE 
during palatogenesis. Future studies using this 
animal model will provide important information 
on the molecular mechanism of TGF-β signaling 
in regulating normal and abnormal palatogenesis. 
Genetic screening of TGF-BR2 mutation among 
individuals with soft palate cleft and submucous 
cleft may provide crucial information in linkage 
analysis to investigate the etiology of congenital 
malformations

During palatal fusion, several growth factors 
have been reported to influence the complex events 
during palatogenesis. Components of the EGF 

and transforming growth factor (TGF) signaling 
pathways may  interact in controlling palatal cell 
proliferation and differentiation. The MEE was 
maintained in a proliferative state following EGF-
induced nuclear ERK1/2 activation and palatal 
fusion was inhibited. The cytoplasmic ERK1/2 
activation in the MEE during normal palatal fusion 
might play a crucial role in cellular differentiation 
critical to complete palatal fusion (Yamamoto et 
al., 2003)(40) The EGF receptor (EGFR) may be 
involved in nicotine-induced phosphorylation of 
ERK and Akt (Nakayama et al.,2001,2002).(59,60) 

Thus the current observations of the effect 
of NNN on palatal fusion may occur through an 
TGF-related mechanism that affects MEE cell 
proliferation. An alternative mechanism may be 
explained through effects on the TGF pathway. 
Nicotine treatment caused down regulation of 
phoshatidylinositol-3 kinase that is an alternative 
downstream signal in the TGF pathway and this 
change was linked to inhibiting palatal fusion in 
vitro (Kang and Svoboda, 2003).(55) Since the 
TGF pathway is critical to normal palatal fusion, 
NNN could alter these pathways resulting in a 
developmental end point that resembles the effects 
of null mutations of TGF  (Cui et al., 2003) (61) 
NNN can bind to nicotinic acetylcholine receptors 
(nAchR) in a manner that is similar to nicotine. 
AChRs exist on palatal epithelium as well as on the 
other epithelium. Apoptosis reduction by nicotine or 
nitrosamines has been correlated with the AChRs on 
lung cancer cells (Minna, 2003). (62) Therefore, the 
effect of NNN may be to activate and reduce MAP 
kinases through AChRs in MEE. This hypothesis is 
further supported by the observation that nicotine 
can inhibit palatal fusion by binding to a neuronal 
nAchR (Kang and Svoboda, 2003).(55) 

Additionally, this study demonstrated the 
presence of TGF throughout all the steps of fusion 
and with the same intensity of immunolabeling. 



(556) Khaled A. Hussein and Atef I. AhmedE.D.J. Vol. 62, No. 1

Simultaneously, the epithelia facing the nasal 
and oral cavities differentiate respectively into 
pseudostratitied, ciliated columnar and stratified, 
squamous keratinizing epithelia Our study confirms 
that TGFα remains present in those epithelial cells. 
At the same time we also demonstrated a variation 
in the degree of epithelial cell proliferation. This 
may suggest that TGFα not only plays a role in cell 
growth, but interferes in other processes, such as 
cell differentiation. 

These results were supported by Dixon et 
al. 1993(63)  was found that EGF and TGFα did 
not inhibit MEE degeneration in palatal shelves 
cultured under serum free conditions. These 
organ cultures under serum free conditions show 
additional interaction between many factors, e.g. 
TGFα, EGF, platelet derived growth factor (PDGF) 
during MEE degeneration. An intense expression 
ot the basic fibroblast growth factor (FGF) in the 
MEE during seam formation as well as disruption 
was also reported. Sharpe ef al., 1993 (64) & Sharpe 
et a.,1992(65) demonstrated that activity of EGF and 
TGF» in the developing mammalian palate may 
be modulated by endogenous growth factors at the 
EGF-R and post-receptor level. 

Moreover, Dixon et al. 1993(63) suggested that 
palatal MEE cells synthesized ECM molecules, e.g. 
tenascin, and that this synthesis could be stimulated 
by TGFa and serum. Physiological effects of TGFα 
during normal palatal development are likely to be 
the result of complex interactions between differing 
growth factors and ECM molecules at differing 
developmental times. 

Finally, Regulation of growth and development 
is controlled by the interactions of cells with each 
other and the extracellular environment through 
signal transduction pathways that control the 
differentiation process by stimulating proliferation 
or causing cell death.
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