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ABSTRACT 
 
INTRODUCTION: Squamous cell carcinoma is one of the malignant diseases that affect the oral cavity worldwide. One of the theories 
regarding oral carcinogenesis is that tumor growth is dependent on cancer stem cells. Markers specific for these cells as CD44 have been 
investigated in hope of developing a deeper understanding for their role in carcinogenesis. Genistein, as chemopreventive agent, has been 
shown to suppress the growth of several tumors. Oxaliplatin is a chemotherapeutic compound that did show a range of antitumor activity. 
OBJECTIVES: This research was carried out to study the effect of genistein, oxaliplatin either alone or in combination during experimentally 
DMBA induced hamster buccal pouch carcinogenesis using CD44 antibody as a marker. 
MATERIALS AND METHODS: A total of 100 young Syrian hamsters distributed into groups as follows: 4 normal animals examined for 
the histology of the normal pouch mucosa and 96 animals divided into; group I, as a control group, in which pouches were painted with a heavy 
mineral oil only; group II were painted with DMBA mixed in a heavy mineral oil. These animals were randomly divided into 4 subgroups as 
following: group IIA only painted with DMBA; group IIB where genistein was orally administrated; group IIC were injected with oxaliplatin; 
and group IID in which both genistein and oxaliplatin were given.  
RESULTS: Both genistein and oxaliplatin provided a significant reduction in carcinogenesis process of DMBA induced oral squamous cell 
carcinoma. Moreover, they provided a significant decrease in the proliferation and activity of cancer stem cells as measured by the CD44 
antibody. 
CONCLUSIONS: Genistein provides a chemoprevention role and the oxaliplatin produces a chemotherapeutic effect during the process of 
carcinogenesis. The combined action of both agents was better than the effect of each agent alone.  
KEYWORDS: Genistein, Oxaliplatin, Cancer stem cells, CD44. 
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INTRODUCTION 
Cancer is a serious public health problem in many parts of 
the world; oral cancer is among the 10 most common 
cancers worldwide (1). Oral squamous cell carcinoma 
(OSCC) is the most prevalent malignant lesion representing 
more than 90% of oral carcinomas. The prognostic value of 
histologic classification of conventional OSCC (well, 
moderate and poorly differentiated types) is controversial, 
so that some authors now recognize that microscopic 
classification alone is poorly correlated with outcome and 
response to treatment (2).  

The hamster buccal pouch (HBP) carcinogenesis model 
is one of the most well characterized animal tumor models 
used to investigate multistage oral carcinogenesis. The HBP 
carcinogenesis induced by 7, 12-
dimethylbenz[a]anthracene (DMBA) shows extensive 
similarities to the human OSCC (3). The DMBA is a potent 
sites specific carcinogen known to induce multistep 
carcinogenesis, preceeded by a sequence of hyperplasia, 
dysplasia and carcinoma. The HBP model offers a number 
of advantages including a simple and predictable tumor 
induction procedure, easy accessibility for examination and 
follow up of lesions. This model can be used to test both 
chemopreventive and chemotherapeutic agents (4). 

To develop more effective therapies for OSCC, it is 
essential to gain a deeper understanding of the biology of 
this disease and the cells that are responsible for recurrent 
and persistent cancer (5). The cancer stem cells (CSCs) 

theory of carcinogenesis postulates that tissue stem cells or 
progenitor cells are a target for genetic changes that lead to 
malignant transformation. Based on their similarity to 
normal stem cells, CSCs are also likely to be more resistant 
to cancer therapy and may be responsible for tumor 
persistence and recurrence (6). 

 Specific markers for CSCs population have been 
investigated in the hope of developing a deeper 
understanding of their role in the pathogenesis of oral 
carcinomas and providing a novel therapeutic strategies. A 
commonly employed method for CSCs isolation consists in 
sorting them based on cell surface marker expression. The 
most commonly used surface marker to identify CSCs is the 
CD44 monoclonal antibody (7). CD44 is a cell surface 
glycoprotein involved in cell adhesion, cell to cell 
interactions and migration. It is a receptor for hyaluronic 
acid, through which the tumor cells drive an increase in the 
proliferation and survival rate. Moreover, the CD44 plays 
an important role in invasion and metastasis of a variety of 
tumor cells (8). 

Natural products are a rich source of compounds that 
have many applications in the fields of medicine, pharmacy 
and biochemistry (9). Chemoprevention is a novel and 
promising approach to control, inhibit or suppress the tumor 
promotion by using natural entities. A large number of 
phytochemicals ingested in human diet represent a 
chemopreventive agent which possess antimutagenic, 
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anticarcinogenic, antioxidant and anti-cell proliferating 
properties (10). 

Genistein is a major isoflavone, it is present in soybean 
and has exhibited significant chemopreventive activity. The 
mechanisms by which it exerts its anticancer roles include 
down regulation of androgen mediated carcinogenesis, 
decreasing genes related to cell proliferation and induction 
of tumor cell apoptosis. In addition, genistein has been 
suggested to inhibit tumor angiogenesis and has also an 
antioxidant role through its molecular targets (11,12). 

Effectiveness of natural chemopreventive agents in 
combination with anticancer drugs may prove to be a 
significant advance over conventional chemotherapeutic 
therapy (13). The latter drugs work in all phases of the cell 
cycle and are used to treat many different cancers (14). 
Oxaliplatin is a third-generation platinum based 
chemotherapy drug that has importance in the treatment 
activity against various types of cancer. Structurally, it 
contains a 1, 2-diaminocyclohexane carrier ligand that 
enhances its antitumor activity. It forms intrastrand links 
between 2 adjacent DNA bases (guanine and adenine), 
hence disrupting DNA replication and transcription (15). 
Thus, the purpose of this study was to investigate the effects 
of genistein and oxaliplatin (either alone or in combination) 
during experimentally DMBA induced oral carcinogenesis 
on HBP mucosa using CD44 antibody as a CSCs marker. 
 
MATERIALS AND METHODS 

The study was performed in the Faculty of Dentistry, 
Alexandria University after gaining the approval of the 
Research Ethics Committee. It comprised 100 young 
pathogen free Syrian hamsters, 8 weeks old. The hamsters 
were obtained from Theodor Bilharz Research Institute, 
Cairo, Egypt. They were housed in the experimental animal 
unit in the Medical Technology Center, Medical Research 
Institute, Al-Azhar University, Assiut Branch. The hamsters 
were kept in show polypropylene cages; they were housed 
as 6 per cage, in a room with controlled temperature and 
humidity with 12 hours light/dark cycles. They were 
provided with sterilized soy-free diet comprising 16% 
protein, tap water ad libitum. The materials used in this 
study were DMBA (Sigma, USA), genistein as a 
chemopreventive agent (Sigma, USA) and oxaliplatin as a 
chemotherapeutic agent (Mylan, USA) as well as the 
immunohistochemical (IHC) universal kit and the primary 
antibody, CD44 (abcam, Cambridge, UK). 

After a week of adaptation, 4 animals were sacrificed 
and the normal oral mucosa was histologically examined. 
The remaining 96 animals were randomly divided into 2 
groups as following: group I (as a control group, n=12); the 
right buccal pouch of these animals was painted with a 
heavy mineral oil only. Group II (n=84); the right buccal 
pouches of these animals were painted 3 times a week with 
0.5% DMBA mixed in a heavy mineral oil. These animals 
were randomly divided into 4 subgroups as following: 
group IIA (n=12); which only painted with DMBA. Group 
IIB (n=24); genistein was orally administrated as a 
suspension in distilled water (20 mg/kg body weight/day) 
by gavage (11). Group IIC (n=24); the animals were 
intraperitoneally injected with oxaliplatin dissolved in a 5% 
glucose solution at a concentration of 2 mg/ml (15). 
Depending on animal weight, it was injected as 4 mg/kg 
once a week. Group IID (n=24); in which both genistein was 
orally administrated and oxaliplatin was injected.  

After 4, 8, 12, 16, 20 and 24 weeks, 2 to 4 animals from 
each group were sacrificed. The right buccal pouch of each 
animal was opened longitudinally through the skin wall 
directly excised and immersed in 10% neutral-buffered 
formalin for 24 hours for fixation. 

The tissue specimens were subsequently trimmed, 
embedded in paraffin, sectioned at 4 um thickness, mounted 
on glass slides, stained with hematoxylin and eosin and the 
histological sections of the lesions from all control and test 
groups were studied under the light microscope. Other serial 
sections of 3-4 um thickness were mounted on super-frost 
plus-coated glass slides for IHC staining with monoclonal 
CD44 antibody. For this, representative slides were 
deparaffinized, rehydrated and immunostained by the 
peroxidase anti-peroxidase method. High temperature 
antigen unmasking technique was employed in citrate 
buffer pH 6.0 in microwave oven, twice for 5 min each. 
After rinsing in phosphate buffered saline, the sections were 
incubated in secondary antiserum. They were then washed 
in PBS and incubated in avidine–biotine complex reagents 
and incubated in peroxidase reaction containing 0.01% 
H2O2 in PBS buffer (16). 

The CD44 expression was scored using an image 
analyzer. Its staining were enumerated by using a high 
magnification of x400 at least 10 areas of each animal were 
randomly chosen to determine: the CD44 area percent 
containing the most intense immunostained tissues and the 
CD44 optical density to measure the intensity of 
immunoreactivity.  
Statistical Analysis: 
The data were collected, tabulated and statistically analyzed 
using the SPSS system (release 11.0 software). All results 
were expressed as mean ± standard deviation (SD). One-
way ANOVA was used to analyze the data between the 
study groups. It was also used to analyze the mean CD44 
area percent and optical density of immunohistochemical 
results. Post Hoc Multiple comparisons of the last 
significant difference (LSD) 0.05. In all statistical results, a 
P < 0.05 was considered significant. 
 
RESULTS 
The present experimental study was performed on 100 
young golden Syrian hamsters. The skin wall of the right 
cheek pouch mucosa of each was retracted and the medial 
wall was examined carefully for the presence or absence of 
any pathological changes. Clinical and Histological 
Evaluation  

The cancer incidence had a range of variation between 
the study groups (Figure 1) as following: 

Figure 1: Relation between the study groups according to 
percentage of animals that developed oral cancer. 
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In group I (as control group) in which, the HBP were 

only painted with a mineral oil, no pathological changes 
were developed during the study period. 

In group IIA, which were treated only with DMBA, 
different grades of oral tumor were developed in 8 out of 12 
examined animals (66.67%). The oral lesions varied from 
carcinoma in situ to poorly differentiated OSCC. The 
difference in cancer incidence was highly statistically 
significant (p <0.0001) when comparing between group IIA 
and group I. 

In group IIB, the hamsters were treated with DMBA 
concurrently with genistein (20mg/kg animal body 
weight/day) as a chemopreventive agent. All over the study, 
5 out of 24 animals (20.84%) exhibited OSCC which varied 
from early invasive OSCC to the moderate differentiated 
type. The difference in cancer incidence was highly 
statistically significant (p <0.0001) when comparing 
between group IIB and group IIA. Also, when comparing 
between group IIB and group I. 

In group IIC, the oxaliplatin as a chemotherapeutic drug 
was injected 4 mg/kg, once weekly after 6 weeks of painting 
the HBPs with DMBA. All over the study, 9 out of 24 
animals (37.5%) exhibited OSCC which varied from well to 
moderate differentiated type of OSCC. The difference in 
cancer incidence was highly statistically significant (p 
<0.0001) when comparing between group IIC and the 
previous groups; IIB, IIA and group I. 

In group IID, the animals were subjected to the 
combined effect of the treatment with genistein and 
oxaliplatin during the carcinogenesis process which was 
induced by DMBA. All over the study, 3 out of 24 animals 
(12.5%) exhibited OSCC which varied from early invasive 
OSCC to well differentiated type. The difference in cancer 
incidence was highly statistically significant (p <0.0001) 
when comparing between group IID and the other study 
groups; IIC, IIB, IIA and group I. 
Immunohistochemical Evaluation 
Immunohistochemical evaluation was done among the 
study groups using CD44 monoclonal antibody as CSCs 
marker. 

In normal HBP, CD44 immune reaction was observed, 
mainly in the basal and parabasal layers more than in the 
superficial layers of the epithelium. It showed mild immuno 
staining to CD44 (Figure 2). Immunohistochemical CD44 
reaction was also present in some connective tissue cells 
(e.g. lymphocytes, fibroblasts and blood vessel walls). 

The immunoreaction to CD44 in the different study 
groups showed variations (Figure 3-6). CD44 area percent 
and optical density were recorded by using an image 
analyzer computer system (Table 1,2). 

In group I (control group), there was a positive 
expression of the CD44 antibody which was similar to that 
in the normal epithelium. The differences in the CD44 area 
percent and optical density were not statistically significant 
(p >0.05) when compared with the normal epithelium. 

 In group IIA, The differences in both CD44 area 
percent and optical density were highly statistically 
significant (p <0.0001) when comparing between group IIA 
and group I. 

In group IIB, the differences in both CD44 area percent 
and optical density were highly statistically significant (p 
<0.0001) when comparing between group IIB and group 
IIA. The differences were not statistically significant in both 

the CD44 area percent and optical density when comparing 
between group IIB and group I. 

 In group IIC, the difference in CD44 area percent was 
highly statistically significant (p <0.0001) when comparing 
between group IIC and group IIA. The difference in CD44 
area percent was not statistically significant when 
comparing between group IIC and group IIB as well as 
when comparing between group IIC and group I. The 
differences in CD44 optical density were statistically 
significant when comparing between group IIC and the 
previous groups; IIB, IIA and group I. 
In group IID, the difference in CD44 area percent was 
highly statistically significant (p <0.0001) when comparing 
between group IID and group IIA. The difference in CD44 
area percent was not statistically significant when 
comparing between group IID and group IIC, or group IIB, 
or group I. The differences in CD44 optical density were 
statistically significant when comparing between group IID 
and the group IIA (p <0.0001), as well as when comparing 
between group IID and group IIC (p <0.0002). The 
differences in CD44 optical density were not statistically 
significant when comparing between group IID and the 
group IIB as well as when comparing between group IID 
and group I. 
 

 
Figure 2: Normal HBP epithelial lining showing positive 
expression of CD44 in basal and parabasal layers. (X400). 

 
Figure 3: Well differentiated OSCC showing CD44 Expression in 
malignant epithelial cells (X100). 
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Figure 4: Moderately differentiated OSCC showing positive 
cytoplasmic expression of CD44 (X100). 

 
Figure 5: Moderately differentiated OSCC showing intense 
membranous CD44 expression in a cell nest (X400). 

 
Figure 6: Poorly differentiated OSCC showing membranous 
CD44 expression (X1000). 

Table 1: Relation between the Study Groups Concerning 
the CD44 Area Percent: 

Group I IIA IIB IIC IID 

Min. 19.00 29.10 21.60 27.90 26.70 

Max. 41.10 56.40 53.50 44.00 43.60 

Mean 32.10 43.08 34.80 35.45 33.80 

SD 6.11 8.74 6.48 4.54 3.87 

 
 
 

Table 2: CD44 Optical Density in the different study 
groups. 

Group I IIA IIB IIC IID 

Min. 37.70 42.40 35.50 38.70 33.60 

Max. 59.90 92.70 87.60 86.60 66.90 

Mean 48.61 66.27 50.25 57.14 47.49 

SD. 6.79 13.85 10.21 12.42 8.10 

 
DISCUSSION 

In the current study, the reduction in the carcinogenesis 
process was highly statistically significant in animals that 
received genistein orally, with a daily dose of 20 mg/kg, 
(group IIB) compared to the animals that were only painted 
by DMBA (group IIA). In agreement with the results of the 
present study, Ghaemi et al. (17) suggested that orally 
administrated genistein, 20 mg/kg by gavage, exerted its 
effects in mouse model of cervical cancer thereby inducing 
protective antitumor immunity. In addition, Pugalendhi et 
al. (18) indicated that the oral pretreatment of genistein (20 
mg/kg body weight/day), reversed the frequency of the 
carcinogenesis in DMBA treated rats. Consistent with the 
previous findings Johnson et al. (19) reported that the 
treatment with the isoflavones, genistein could be useful as 
chemopreventive agent and may be employed as 
chemotherapy for oral carcinomas. The results of this study 
as well as those discussed above strongly supported that 
genistein as a chemopreventive agent exerts an 
antiproliferative effect on a variety of cancer cell types. 

On the other hand, Myoung et al. (20) did not find any 
inhibitory effect for genistein on the transplanted human 
OSCC. In their study, the rapidly growing transplantable 
mouse tumor model was employed as a solid localized 
tumor in the subcutaneous space. This kind of tumor models 
usually contain high proportions of newly formed immature 
blood vessels that appear to weaken the effects of most 
antiangiogenic drugs. In addition, the administration of 
genistein after the initiation stage of the carcinogenesis 
process and at a dosage relevant to the real-life consumption 
pattern (0.3 to 1 mg/kg) in a study done by Yong et al. (21) 
did not find any preventive effect of genistein on DMBA 
induced oral HBP carcinogenesis. The variation in the dose 
concentrations of genistein may exert different effects on 
the oral carcinogenesis process. The duration of genistein 
administration may affect the metabolism, bioavailability 
and its biological action.  

In the present research, oxaliplatin demonstrated 
effectiveness and tolerance in reducing the DMBA 
carcinogenesis process in a dose of 4 mg/kg once weekly. 
To the best of our knowledge, this was the first time that 
oxaliplatin was used as a line of treatment during oral HBP 
carcinogenesis. In this study, the difference in cancer 
incidence was highly statistically significant when 
comparing between group IIC and group IIA. 

It was proved that oxaliplatin is one of the most active 
drugs for the treatment of colorectal cancer especially its 
metastatic type (22). Moreover, adenoid cystic carcinoma 
of the salivary glands demonstrated an objective response 
with oxaliplatin based chemotherapy (23). Hung et al. (24) 
studied the differential resistance of platinum based drugs 
to OSCC, they implicated that oxaliplatin may be a 
treatment option especially for OSCC. Furthermore, Shen et 
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al. (25) reported that oxaliplatin was a promising agent for 
chemotherapy in treating esophageal SCC.  

In contrast, Lim et al. (26) suggested that the oxaliplatin 
did not lead to better efficacy in node-positive esophageal 
SCC patients. A possible explanation for this negative result 
could be that over 50% of the enrolled patients in the 
mentioned study had advanced nodal disease. So that, the 
treatment with chemotherapy alone was not probably 
sufficient to control the recurrence. Moreover, Yang et al. 
(26) reported that the time factor should be considered when 
treating the OSCC patients with oxaliplatin in order to 
achieve a better efficacy, reduce the adverse reactions and 
improve the survival time. 

The purpose of combining both genistein and oxaliplatin 
in group IID was to reduce the carcinogenic effect induced 
by DMBA, which was highly statistically significant when 
compared to the group treated only with DMBA (group 
IIA). The present results indicate that the combined use of a 
natural chemopreventive agent and a chemotherapeutic 
drug is more effective in reducing the carcinogenesis 
process than using each one alone.  

In agreement with the present research results, genistein 
may be used for achieving a better treatment outcome in 
patients diagnosed with SCC with platinum resistant (28). 
In addition, Banerjee et al. (29) provided preclinical 
evidence that genistein appeared to be a novel approach for 
the treatment of pancreatic cancer with oxaliplatin. 
Furthermore, a study done by Pintova et al. (30) suggested 
that the effect of the soy isoflavones genistein and 
oxaliplatin inhibited the carcinogenesis pathway in 
colorectal cancer cells.  

The current study results demonstrated that CD44 
expression had a key role in tumor aggressiveness. A 
marked increase in the CD44 area percent and optical 
density in the examined tissues of hamsters which were only 
treated with DMBA (group IIA) were reported. They 
demonstrated highly statistically significant when 
compared with the examined tissues of the control animals 
group (group I). 

In agreement with the present study results, Judd et al. 
(31) reported that the decrease in CD44 expression led to 
delay in the tumor growth. In addition, Paulis et al. (32) 
concluded that CD44 expression increased the 
aggressiveness of tumor cells behavior. Furthermore, 
Rajarajan et al. (33) demonstrated an increase in CD44 
expression in head and neck cancer relative to its expression 
in other cancer types. This goes in line with the results of 
the present research.  

On the other hand, Margaritescu et al. (34) showed a 
limited usefulness of CD44 expression in identifying the 
CSCs in OSCCs. Moreover, Krump et al. (35) demonstrated 
that there are no significant differences in CD44 expression 
between the different tumor grades in the oral cavity. This 
shortening in the role of the CD44 may be due to improper 
selection of the examined tissues which may have massive 
areas of inflammation leading to a false results in expression 
of the CD44. Moreover, the difference in the sorting 
techniques, than the IHC, for identification the CD44 
expression in tissue as Western blotting and flow cytometric 
assessments may demonstrate different sorting results. 

The present study reported that the differences in both 
the CD44 area percent and optical density were highly 
statistically significant when comparing between group IIA 
and group IIB as well as group IIC. Moreover, the 

differences in both the CD44 expression parameters were 
highly statistically significant when comparing between 
group IIA and the group which was given both genistein and 
oxaliplatin (group IID). This supports the antitumor 
chemopreventive role of genistein and the putative 
chemotherapeutic activity of the oxaliplatin during DMBA 
induced carcinogenesis process in the HBPs performed in 
the present research.  

Comparable results obtained by Dandawate et al. (36) 
demonstrated that the natural phytochemicals as genistein 
may serve as a novel therapeutic agent for breast cancer as 
it has a role in targeting the CSCs. In addition, Sak et al. 
(37) reported that the flavonoids agents as genistein served 
as attractive anticancer agents by eliminating the roots of 
cancers. This goes in line with the results of the present 
work. However, Cao et al. (38) reported that the genistein 
provided a proper chemopreventive action in gastric CSCs 
when given in combination with other drugs than applied 
alone.  

This was in accordance with the results of the present 
research, which confirmed the proper chemotherapeutic 
effect of oxaliplatin in the CSCs. Dallas et al. (39) identified 
that the colorectal CSCs showed a decrease in cellular 
proliferation when treated with oxaliplatin. On the other 
hand, Huang et al. (40) found that the oxaliplatin needs 
modulation in its action pathway to overcome the 
chemoresistance of CSCs cells in a clinical setting of 
colorectal cancer. This shortening may be due to the great 
variation in the tumor grades and activities during the 
previous clinical study than in the presented experimental 
one.  
 
CONCLUSION 
Based on results of the present study, genistein provides 
chemoprevention role and oxaliplatin produce 
chemotherapeutic activity in developed oral cancer. The 
combined action of both agents was better than each one 
alone. The CD44 expression gives an idea about the 
aggressiveness of tumor and the effects of the anticancer 
drug on CSCs activity and provided new strategy for 
evaluating of the chemotherapeutic action of anticancer 
drugs. 
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