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Introduction

p53- the most famous tumor suppressor protein- is 
a transcription factor playing an important role in regulating 
the cell cycle and the induction of apoptosis in the most 
types of living cells. In vivo, this protein functions as 
a tumor suppressor, and more than 50% of all human 
cancers have been characterized with mutations in the 
p53 expression [1].

The cell cycle is negatively regulated by p53 gene and 
its mutations lead the cells to lose the normal function and 
becomes unable to suppress the tumor; thus p53 perturbing 
the control of cell cycle progression and leads to enhanced 
tumor development [2]. The production of wild-type p53 
prevents uncontrolled cellular proliferation after DNA 
damage via G1 arrest of the cell cycle. This arrest functions 
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either to provide extra time for DNA repair by mechanisms 
activated simultaneously by p53 or, if the repair fails, to 
trigger cell suicide by apoptosis [3].

Bone morphogenetic proteins (BMPs) was 
discovered as bone inductive proteins by Urist in the 
1960s [4], since that time many investigators have 
shown that BMPs induce stem and mesenchymal cell 
differentiation into osteogenic cells which has the 
function of bone formation. Modern molecular biology 
theories state that BMPs are morphogenetic proteins, 
namely, molecules which stimulates the genome to start 
the construction of a morphogenetic area. BMPs diffuse 
through a concentration gradient, thereby altering the 
developmental process [5-6].

In response to this stimulus, the cells proliferate 
according to a programmed pattern and spatial 
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arrangement. From a physical and chemical point of 
view, BMPs are proteins secreted by cells, which act as 
ligands for receptors existed on the cellular membrane of 
several types of cells (autocrine or paracrine effects), thus 
establishing cell and tissue organization [7-8].

The role of Bone morphogenetic proteins in bone 
arrangement during the development and fractures 
repair has been well established. BMPs have the ability 
to induce the formation of bone tissue in ectopic sites 
and in critical-sized defects of the bone in many animal 
models [9].

Recent research revealed that BMPs also are involved 
in tumor development, showing antitumorigenic effects in 
the initial stages and protumorigenic effects in progressive 
carcinogenesis [10].

Although (BMPs) are considered as multifunctional 
proteins, implantation of osteogenic BMPs such as BMP-2 
at an osseous or extraosseous locations leads to bone 
formation. BMP-2 molecules are soluble, local-acting 
signaling proteins can bind to definite receptors located 
on the cellular membrane. These receptors transfer the 
signal through a group of proteins called Smads, which 
in turn stimulate specific genes [11].

BMP signaling plays a pivotal role in the balance 
between differentiation and proliferation of active 
muscular cells. Initially, BMP signals preserve satellite 
cells descendants in a proliferating state thereby increasing 
the numbers of the cells [12]. 

Therefore, the objective of the present study 
was to clarify some of the basic aspects of the cellular 
and molecular mechanisms of action of RH-BMP2 
and its affection on P53 in the during the development 
and progression of OSCC which are characterised by 
imbalances of cell proliferation, differentiation and death, 
all of which are believed to be the result of alterations in 
cell cycle control.

Materials and Methods

Animals
34 survived male golden Syrian hamsters -divided into 

two equal groups-, (8 to10) weeks old, weighing between 
(80 and120 g), were maintained in the Animal Houses 
of the faculty of pharmacy, Damascus University, Syria. 
The animals were preserved in polypropylene enclosed 
cages and were subjected to a standard nutritional system 
comprised of 21% protein, 5% lipids, 4% crude fiber, 
8% ash, 1% calcium, 0.6% phosphorus, 3.4% glucose, 
2% vitamins, 55% nitrogen-free extract and water. 
The animals were kept under controlled temperature 
(27±11C) and humidity (55±5%) with a 12 h light/dark 
cycle. One hamster in the BMP2 group and two in the 
control did not survive to the end of the experiment. 

Materials
7,12-dimethylbenz[a]anthracene (DMBA) (95% 

purity, CAS NO.: 57–97–6 soluble in liquid paraffin) 
were purchased from Sigma Aldrich Chemical Pvt. Ltd. 
rhBMP-2 (0.25µg/ml , soluble in physiological serum) 
were purchased from Cowellmedi Co.,Ltd Korea . p53 

(DO7; Bio-SB; Concentration of stock solution (CSS): 
35ug/ml, Dilution 1:50) 

Tumor induction and experimental procedures
The carcinogenesis process in the hamster’s buccal 

pouches was induced in the 34 golden Syrian hamsters by 
the applying of 0.5% DMBA in liquid paraffin topically 
for three times a week for 14 weeks. rhBMP-2 (0.25µg/ml) 
was injected in the Buccal pouch submucosal tissue of 
17 animals (test group) at the 1st, 7th and 49th day, then 
animals were sacrificed and tissues samples were extracted 
and preserved in 10% buffered formalin.   

Histopathological studies
Buccal pouches mucosa tissues were examined 

histopathologically in both groups animals -the control and 
experimental -. Tissue samples were fixed in 10% buffered 
formalin then  processed and embedded in paraffin wax;

Two serial slices 4μm thick were prepared and placed 
on silanized slides. The sections were deparaffinized and 
rehydrated via xylene and three descending grades of 
alcohol. Antigen retrieval was carried out in a pressure 
cooker in 10 mM citrate buffer (pH 6.0) for 2 to 5 min. 
The sections were then incubated after covering them 
with 3% hydrogen peroxide for 15min to block any 
endogenous peroxidase activity, and then 34 slides 
incubated with the primary anti-p53 monoclonal antibody 
(Bio-SB, USA)  for 4h at 27C temperature using an 
optimal dilution of  6 µg/ml. After additional incubation 
with the secondary antibody (45min) and streptavidin-
peroxidase (30min), visualization was performed using 
freshly prepared diaminobenzidine (DAB) chromogen 
for 10min. The slides were finally counterstained with 
Harris hematoxylin. Then the sections were examined 
under the microscope to investigate the staining patterns 
and expression of p53 in each group. 

Five of the most invading islands of a tumor were 
captured and the total number of a tumor epithelial cells 
within these islands were counted vertically from one 
side to another and examined for the p53 expression 
under magnification of 40X. Tumor cells were considered 
positive for p53 antibodies if there was brown intranuclear 
DAB staining irrespective of its intensity, while cells 
without brown staining were considered negative.

The labeling index for each field (field LI), was 
calculated as the total number of positive cells divided by 
the total number of cells in that field and for each case, the 
mean value of the 5 islands was calculated to represent 
the mean expression value of each case. For statistical 
analysis, the samples were divided into two groups using 
the median value of the mean LI as a cut-point; low 
expression (≤the median) and high expression groups 
(>the median) (3). SPSS version 17.0 for Windows was 
used for statistical analysis.

 
Results

A total of 34 induced squamous cell carcinoma 
biopsies were evaluated for the expression of the tumor 
suppressor gene p53. Positive tumor cells were mainly 
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Figure 4. Distribution of Cases According to the Median of 
P53 Expression.
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Discussion

Overexpression of p53 protein in OSCC has 
been reported in many studies [13-15] However, 
no study -as we know- of these studies attempted 
to determine a correlation between the level of p53 
expression and the utilizing of RH-BMP2. A variety of 
the Clinicopathological investigations have targeted the 
Squamous Cells Carcinoma (SCC), which is the most 
common malignancy in the oral cavity and composes 
About 95% of oral cancers in some countries [16]. 

Bone morphogenic proteins are very important factors 
for tissues growth, organizing multiple processes during 
the embryonic development, hematopoiesis, formation 
of nervous tissue, in addition to determining the plan of 
differentiation and proliferation in the embryonic cells.

This sort of proteins was discovered in the 1960’s 
and subjected to a huge number of investigations and 
researches over the past 60 years, however, there is still 
a lot of points that need to be clarified [9].

In the current study oral squamous cell carcinoma was 
induced in the golden Syrian hamsters’ Buccal pouches 
using 7,12-dimethylbenz[a]anthracene (DMBA) which 
stimulates malignancy with molecular, histological and 
biochemical alteration similar to the alterations that occur 
in the human oral squamous cells carcinomas [17].  

P53 expressed in 33.11% of the cells in the group 
which has been injected with RH-BMP2 during the 
induction of OSCC and most of the cases showed an 
expression higher than the median expression of the 
whole sample.  Also, P53 expressed in 23.19% of the 
control group cells which did not receive any additional 
treatment and most of the cases showed expression under 
the median expression. The current study shows that an 

located at the periphery of the invading tumor islands 
whereas the inner more mature and differentiated cells 
were negative (Figure 1,2), 

with 17 hamster Buccal pouches injected with rhBMP2 
during the tumoral induction and 17 did not receive any 
additional treatment. We determined p53 staining level 
in all of the 34 cases of both groups.

The median value of p53 expression was 26.81% 
(mean 27.2, range 4-77.3).

The mean of p53 expression in the (RH-BMP2 
group) was 33.11%±25.31 and in the (control group) 
was 23.19% ± 18.27, (Figure 3). Statistically, we found 
a significant difference between the two groups, Kruskal–
Wallis = 55.656, P = 0.001.

In the RH-BMP2 (n = 17 cases), 3 cases had p53 
expression ≤ the median (26.81%) while 14 cases had 
been higher than the median. In the control group (n = 17 
cases),10 cases had p53 expression ≤ the median while 
only 7 cases had an expression higher than the median 
(Table, 1 & Figure 4). 

Figure 1. Hamster Buccal Pouch after 14 Days of DMBA 
Application

Figure 2 . The Nuclear Expression of p53 A, in the 
BMP2 group; B, in the control group. 

A B

Figure 3. The Expression Percentage of P53 in The Study 
Groups

Study groups
Rh-BMP2 Control Total

≤ the median 3 10 13
> the median 14 7 21
total 17 17 34

Table 1. Distribution of Cases According to the Median of 
p53 Expression
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association between treatment with RH-BMP2 and p53 
expression levels. 

It has been well documented that alterations of levels of 
p53 expression are early events in the development of 
squamous carcinomas. Expressions of p53 have been 
found in dysplastic oral epithelial cells [18-19]. There is 
no doubt that p53 expression is an important early step in 
the development of tongue carcinoma [20].

The link between RH-BMP2 and p53 may be explained 
by the alterations induced by BMP2 in the Wnt Pathway. 
The interaction between BMP2 and Wnt pathway where 
leads β-catenin to translocate from the cytoplasm to the 
nuclei. As β-catenin translocates into the cellular nuclei, it 
creates a complex with the transcriptional factor Tcf/Lef. 
This complex enhances the expression of many targeted 
genes - it may involve p53- and activates of the Wnt 
signaling pathway [21]. Thus, RH-BMP2 leads to cellular 
proliferation, migration, invasion, and EMT through the 
nuclear translocation of β-catenin [9]. 

Mutation and overexpression of p53 are common 
in head and neck cancers. The p53 mutation has 
been reported in 8 cell lines and 2 xenografts of head 
and neck cancers [22]. Expression of p53 has been 
reported in 78% of laryngeal carcinomas [23], 37% of 
hypopharyngeal carcinomas [24], 45% to 55% of oral 
cavity cancers [25], and 27% to 61% of tongue carcinomas 
[20]. In premalignant oral dysplasia or carcinoma in 
situ, 46% of the lesions had mutations and 20% had 
overexpression of p53 [26-28]. 

In conclusion, 0.25µg of rhBMP-2 promotes 
significantly p53 expression within OSCC cells. this 
type of growth factors should not be utilized in patients 
with a developed oral cancer till more investigations 
clarify its fully roles and functions with this kind of 
patients.
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