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ABSTRACT

The aim of the present study was directed to investigate the therapeutic efficacy of cetuximab and curcumin either in 
combination or alone as anticancer treatment mmodality on 7,12-dimethylbenz[a]anthracene (DMBA) induced hamster buccal 
pouch(s) (HBP(s)) carcinoma. Material and methods: Twenty-Five Syrian male hamsters, five weeks old, weighing 80-120g were 
divided into three group(s) (G(s)): A, B, and C. G-A (negative control): HBP mucosa of 5 animals were painted with liquid paraffin 
alone three times a week for 18 weeks. G-B: 20 right HBP animals were painted with 0.5% DMBA in paraffin oil 3 times a week for 
18 weeks. Then animals were divided randomly into four sub-groups. G-B1 (DMBA treated group): 5 animals were left untreated 
for 6 weeks after DMBA painting. G-B2 (cetuximab treated group): 5 animals were injected intraperitoneally with cetuximab  
1 mg/animal at 3 days intervals for 6 weeks following DMBA-treatment. G-B3 (curcumin treated group): Right HBP of 5 animals 
were directly injected with curcumin 80 mg/kg body weight every day for 6 weeks following DMBA-treatment. G-B4 (curcumin-
cetuximab treated group): 5 animals were directly injected with curcumin followed by intraperitoneal injection of cetuximab for 6 
weeks following a DMBA-treatment. The assessment was based on the gross observation, histological and immunohistochemical 
examination utilizing anti-apoptotic Bcl-2 antibody. Results: Gross observation revealed variation in reduction of the tumor size 
in the treated groups (G-B2, G-B3, and G-B4) compared to that observed in group G-B1. Histopathological findings revealed 
variations among the treated groups. Immunohistochemical results revealed that Bcl-2 expression has a variability in the area 
% throughout the groups used. Groups G-B1, G-B2, G-B3 and G-B4 were 70.7 %, 54.8 %, 42.7% and 24.5% respectively. 
Conclusion: The synergistic effect of both cetuximab and curcumin resulted in promising therapeutic effect in regression of 
DMBA induced HBP carcinoma.

KEYWORDS: HBP carcinoma, cetuximab, curcumin.  

INTRODUCTION 

Oral cancer refers to a subgroup of head and 
neck malignancies, is located within the top 10 
ranking incidence of cancers worldwide (1).  The 
annual incidence is higher around the world, 
which is over 300.000 diagnosed cases, and the 
annual mortality is about 145,000 deaths (2). Oral 
squamous cell carcinoma (OSCC) represents over 
90% of oral cancer (3).  It has been found that 
7,12-dimethylbenz[a]anthracene (DMBA) induced 

hamster buccal pouch (HBP) carcinogenesis 
closely mimics with human OSCC on biochemical, 
morphological and histological aspects as well as 
at molecular level(4).  The unfavorable survival 
outcomes coupled with the toxicity of current 
treatments (chemo- and radiotherapy) underscore 
the importance of incor porating targeted therapies 
within the treatment paradigm particularly against 
the epidermal growth factor receptor (EGFR) 
which expressed in more than 90% of all cases of 
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head and neck squamous cell carcinoma (HNSCC) 
and associated with advanced stage of the disease, 
poor survival and resistance to chemo- and 
radiotherapy(5).  With its targeted mechanism of 
action and synergistic activity with current treatment 
modalities, cetuximab is a potentially valuable 
treatment option for patients with HNSCC which 
competitively binds to the extracellular domain of 
the EGFR, preventing activation of the receptor 
by endogenous ligands. The antibody-receptor 
complex is internalized and degraded, resulting in 
a downregulation of the EGFR expression (6).  The 
alternative natural compounds had been shown to 
enhance the effects of the chemotherapeutic drugs, 
reduce drawbacks of chemotherapy, and increase 
the sensitivity of cancer cells(7). One of these 
alternatives is curcumin, a natural compound that 
is derived from turmeric(8).    It has been shown that 
curcumin alone or in combination with other drugs 
increase cell death in a wide variety of tumor cells, 
including HNSCC(9).   One of the most compelling 
reasons for continued interest in exploring the 
cancer chemopreventive and chemotherapeutic uses 
of curcumin has been curcumin’s ability to influence 
a diverse range of molecular targets within cells(10).   
Indeed, curcumin has been shown to induce 
apoptosis via the up-regulation of pro-apoptotic 
proteins and down-regulation of anti-apoptotic 
proteins of the Bcl-2 family in cancer cells which 
results in cell death (11).    Hence, the main target of the 
present study was to assess the therapeutic efficacy 
of cetuximab and curcumin either in combination or 
alone as anticancer treatment modality in DMBA 
induced HBP carcinoma. The assessment was based 
on the gross observation, histological tumor tissue 
changes and immunohistochemical examination 
utilizing anti-apoptotic Bcl-2 antibody.

MATERIAL AND METHODS

The Experimental animals used in the current 
study were golden Syrian hamsters. They were 
used as model for OSCC induction utilizing DMBA 

as chemical carcinogen. Then, intraperitoneal 
injection of cetuximab and lesional injection 
of curcumin depending on type of each group, 
were employed. After tissue preparation, various 
investigations: hematoxylin and eosin (H&E) stain 
and immunohistochemical staining utilizing Bcl-2 
antibody, were done.

Material used: Animals: 

Twenty-Five  Syrian male hamsters five weeks 
old, weighing 80-120g were obtained from the 
animal house, Cairo University (Cairo, Egypt). 
The experimental animals were housed in standard 
cages with sawdust bedding under controlled 
environmental conditions of humidity (30-40%), 
temperature (20 ± 2°C), and light (12-h light/12-h 
dark). All experimental animals were supplied with 
standard diet and water ad libitum. 7,12 DMBA 
(0.5%) was obtained from Sigma-Aldrich company, 
dissolved in paraffin oil and used thrice a week 
for 18 weeks via Painting of right HBP using a 
number 4 camel’s hair brush (12). Cetuximab was 
obtained from Imclone Systems Company and 
used via intraperitoneal injection as 1 mg/animal at 
3 days intervals for 6 weeks (13).    Curcumin was 
obtained from Sigma-Aldrich Company, dissolved 
in dimethyl sulfoxide (DMSO), and used via 
intralesional injection  as 80  mg/kg body weight, 
every day, for 6 weeks (14).   

Experimental design: 

Twenty-Five Syrian male hamsters were divided 
into three G(s). G-A (negative control): HBP mucosa 
of 5 animals were painted with liquid paraffin alone 
three times a week for 18 weeks. G-B: 20 right 
HBP animals were painted with 0.5% DMBA in 
paraffin oil using 3 times a week for 18 weeks. 
Then animals were divided randomly into four sub-
Gas. G-B1 (DMBA treated group): 5 animals were 
left untreated for 6 weeks after DMBA painting. 
G-B2 (cetuximab treated group): 5 animals were 
injected intraperitoneally with cetuximab 1 mg/
animal at 3 days intervals for 6 weeks following 
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DMBA-treatment. G-B3 (curcumin treated group): 
Right HBP of 5 animals were directly injected 
with curcumin 80 mg/kg body weight every day 
for 6 weeks following DMBA-treatment. G-B4 
(curcumin-cetuximab treated group): 5 animals 
were directly injected with curcumin followed by 
intraperitoneal injection of cetuximab for 6 weeks 
following a DMBA-treatment.

Investigations: After termination of the 
experiment, the animals were sacrificed by cervical 
dislocation, the cheek pouches were everted, and the 
diameter of each tumour was measured with a Vernier 
caliper. The tumour volume was calculated by the 
formula, Vmm3 = (4/3) π [(D1/2) (D2/2) (D3/2)], 
where D1, D2 and D3 are the three diameters (mm) 
of the tumour (4).    Then, the cheek pouches were 
excised and fixed in 10% neutral buffered formalin, 
routinely processed and embedded in paraffin 
blocks for preparation in order to be examined 
histologically and immunohistochemically.

For histopathological examination: The 
fixed specimens were dehydrated in an ascending 
ethanol series, embedded in paraffin wax to form 
paraffin blocks. Tissue sections of 4µm thickness 
on rotary microtome were cut, mounted on glass 
slides, processed, and stained with H&E for light 
microscopic examination.

For immunohistochemical examination: 
Other tissue sections were cut at 5 µm thickness 
for the application of standard labeled streptavidin- 
biotin method to demonstrate the expression of 
mouse monoclonal Bcl-2 antibody. The Paraffin 
embedded tissue sections were dewaxed and 
rehydrated through graded ethanol to distilled water. 
Endogenous peroxidase was blocked by incubation 
with 3% H2O2 in methanol for 10 min. The antigen 
retrieval was achieved by adding citrate buffer 
solution (pH 6.0) and keeping in microwave for 10 
min, followed by washing with Tris-buffered saline 
(pH 7.6). The tissue sections were then incubated 
with the universal proteinaceous blocking reagent 

power BlockTM for 15 min at room temperature 
to block non-specific binding, and further with 
the respective primary antibody Bcl-2 at 4°C. The 
bound primary antibody was detected by incubation 
with their corresponding secondary antibodies, 
conjugated with horseradish peroxidase for 30 
min at room temperature. After rinsing with  Tris-
buffered saline, the antigen-antibody complex 
was detected using 3,3-diaminobenzidine (Sigma, 
USA), the substrate of horseradish peroxidase. 
When acceptable colour intensity was reached, the 
slides were washed, counter stained with Mayer,s 
haematoxylin and covered. 

The immunostained sections were examined 
using light microscope to assess the prevalence 
of positive cases and the localization of 
immmunostaining within the tissues. In addition, 
image analysis computer system was used to 
assess area percentage of positive cells of the 
immunostaining. This was done at the Oral and 
Dental  Pathology Department - Faculty of Dental 
Medicine - Boys- Cairo - Al-Azhar University. 
The degree of positive staining for antibody was 
evaluated by a well-established quantitative scoring 
on a scale rang from negative to strong positive 
staining as follow: Strong staining (more than 
50% stained), moderate staining (between 25 and 
50% stained), weak staining (between 5 and 25% 
stained), and negative (less than 5% stained) (15).   

RESULTS

The gross observation results of HBP mucosa of 
G-A was pink in color with smooth surface with no 
observable abnormalities (Fig.1:A). In G-B1, HBP 
mucosa showed various changes including variable 
sized nodular elevations and exophytic papillary 
tumor masses. Vernier caliper revealed that the 
mean tumor volume of tumor-bearing animals was  
827.7mm3 with 100% tumor formation. Furthermore, 
eroded and ulcerative areas were seen throughout the 
tumor growth, with spontaneous bleeding (Fig.1:B). 
In G-B2, HBP mucosa showed multiple different 



156 Emad Soliman Mohammed, et al. A.J.D.S. Vol. 20, No. 2

sizes of exophytic masses. Vernier caliper revealed 
that the mean tumor volume of tumor-bearing 
animals was 589.9 mm3 (Fig.1:C). In G-B3, HBP 
mucosa showed different exophytic tumor masses 
with decrease in tumor volume. Vernier caliper 
revealed that the mean tumor volume of tumor-
bearing animals was 209.9 mm3 (Fig.1:D). In G-B4, 
HBP mucosa showed that injection of curcumin and 
cetuximab for 6 weeks after 18 week of DMBA 
treatment led to marked improvement in general 
health of animals. Vernier caliper revealed that the 
mean tumor volume of tumor-bearing animals was 
39.492 mm3 (Fig.1:E). 

Histopathological and immunohistochemical 
results: The tissue sections of HBP mucosa of 
experimental groups showed variable results 
in regard to the histopathological results and 
immunohistochemical results. In G-A, histological 
sections, using H&E stain, revealed normal HBP 
mucosa, with thin stratified squamous epithelium 
without rete ridges with submucosal dense fibrous 
connective tissue and layer of longitudinal striated 
muscle fibers (Fig.2:A). The immunohistochemical 
staining using Bcl-2 antibody exhibited weak positive 
(5.74%) cytoplasmic expression of basal and supra-
basal layers and negative in the remaining epithelial 
cell layers (Fig.2:B). In G-B1, histological sections, 
using H&E stain, showed moderately to poorly 
differentiated SCC with deeply invading islands of 
tumor cells into the underlying connective tissue. 

The surface epithelium showed severe epithelial 
dysplasia (Fig.2:C). The immunohistochemical 
staining using Bcl-2 antibody exhibited strong 
positive (70.71%) cytoplasmic expression 
throughout the epithelial layers and invading tumor 
cells (Fig.2:D). In G-B2, histological sections, 
using H&E stain, showed well differentiated SCC 
with deeply invading multiple epithelial islands of 
tumor cells into the underlying connective tissue 
(Fig.2:E). The immunohistochemical staining using 
Bcl-2 antibody exhibited strong positive (54.81%) 
cytoplasmic expression throughout the epithelial 
layers and invading tumor cells (Fig.2:F). In G-B3, 
histological sections, using H&E stain, revealed well 
differentiated SCC which with superficial invasion 
of tumor islands and keratin pearls. The surface 
epithelium showed severe epithelial dysplasia with 
hyperkeratosis (Fig.2:G). The immunohistochemical 
staining using Bcl-2 antibody exhibited moderate 
positive (42.71%) cytoplasmic expression 
throughout the epithelial layers and invading tumor 
cells (Fig.2:H). In G-B4, histological sections, 
using H&E stain, revealed smaller size of invasion 
of well differentiated SCC which was Juxta-
epithelial and not extended to the deeper connective 
tissue with increased amount of keratin formation 
(Fig.2:I). The immunohistochemical staining using 
Bcl-2 antibody exhibited weak positive (24.57%) 
cytoplasmic expression throughout the epithelial 
layers and invading tumor cells (Fig.2:J). 

Fig.1(A): HBP mucosa of G-A was pink in color with no observable abnormalities (arrow). Fig.1(B): HBP mucosa of G-B1 
showed variable sized nodular elevations and exophytic papillary tumor masses (arrow). Fig.1(C): HBP mucosa of G-B2 
showed solitary large exophytic tumor mass (arrow). Fig.1(D): HBP mucosa of G-B3 showed small exophytic tumor 
masses (arrow). Fig.1(E): HBP mucosa of G-B4 showed marked decrease in distribution and size of tumor masses with 
absence of bleeding and ulceration (arrow).
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Statistical analysis results of Bcl-2 expression 
were obtained by comparing its area % in the groups 
used. Statistical analysis results revealed that G-A 
has recorded the lowest mean area % (5.74%), 
while G-B1 had the highest mean area % (70.71%). 
Comparing the various treated groups (G-B2, G-B3, 
and G-B4) with G-B1, G-B4 showed statistically 
lower mean value than the G-B2, G-B3, and G-B1 
(Fig.3).

DISCUSSION

Oral cancer, one of the most disfiguring types of 
cancer and despite the significant advancement in 
oral cancer treatment strategy; it remains as a major 
cause of morbidity in human populations. The use of 
hamster cheek pouch system of oral carcinogenesis 
model is beneficial for deeper understanding of 
cancer biology, prevention and treatment. To our 
knowledge, in the English open literatures, the 
current study was the first study to evaluate the 
combinatorial anticancer effect of both curcumin 
and cetuximab on DMBA induced HBP carcinoma. 
In the present study, the gross observation findings 
in G-A showed no observable abnormalities of 
the HBP. After sacrificing, the buccal pouches 
length was about 5cm for all hamsters with normal 
histological structures. Other studies reported the 
same findings (16, 17). Immunohistochemical staining 
of normal hamster mucosal tissue  showed that weak 
positive (5.74%) Bcl-2 localization was restricted 
to the basal and supra-basal layers and negative in 

FIG (3) Bar chart representing mean area % results in the B 
sub-Gs.

Fig.2(A): Photomicrograph of G-A showed normal HBP mucosa, composed of thin stratified squamous epithelium without rete 
ridges with submucosal dense fibrous connective tissue and layer of longitudinal striated muscle fibers (arrows). Fig.2(B): 
Bcl-2 expression in G-A showed weak positive cytoplasmic expression of basal and supra-basal layers (arrow). Fig.2(C): 
Photomicrograph of G-B1 showed moderately differentiated SCC with deeply invading islands of tumor cells into the 
underlying connective tissue (arrow). Fig.2(D): Bcl-2 expression in G-B1 showed strong positive cytoplasmic expression 
throughout the epithelial layers and invading tumor cells (arrow). Fig.2(E): Photomicrograph of G-B2 showed well differ-
entiated SCC with deeply invading multiple epithelial islands of tumor cells into the underlying connective tissue (arrow). 
Fig.2(F): Bcl-2 expression in G-B2 showed strong positive cytoplasmic expression throughout the epithelial layers and 
invading tumor cells (arrow). Fig.2(G): Photomicrograph of G-B3 showed well differentiated SCC which with superfi-
cial invasion of tumor islands and keratin pearls (arrow). Fig.2(H): Bcl-2 expression in G-B3 showed moderate positive 
cytoplasmic expression throughout the epithelial layers and invading tumor cells (arrow). Fig.2(I): Photomicrograph of 
G-B4 showed smaller size of invasion of well differentiated SCC which was Juxta-epithelial and not extended to the deeper 
connective tissue with increased amount of keratin formation (arrow). Fig.2(J): Bcl-2 expression in G-B4 showed weak 
positive cytoplasmic expression throughout the epithelial layers and invading tumor cells (arrow).



158 Emad Soliman Mohammed, et al. A.J.D.S. Vol. 20, No. 2

the remaining epithelial cell layers. This result is 
in agreement with that of other investigators(18,19).    
This observation might be attributed to that up 
regulation of Bcl-2 in basal and supra-basal cells 
serve to maintain the keratinocyte stem cells from 
apoptosis, and that negative Bcl-2 expression in 
the remaining epithelial layers concomitant with 
terminal cell differentiation (keratinization) (20).    

In the present study, the gross observation of 
HBP in G-B1 revealed variable sized nodule and 
exophytic papillary tumor masses with mean tumor 
volume of tumor-bearing animals were 665.42 and 
100% tumor formation. Furthermore, eroded and 
ulcerative areas were seen throughout the tumor 
growth, with spontaneous bleeding. These results 
are almost the same with that shown by other in-
vestigators (21-24). Histopathological results of G-B1 
showed moderately to poorly differentiated SCC 
with deeply invading islands of tumor cells into 
the underlying connective tissue. The surface epi-
thelium showed hyperkeratinization, and elongated 
drop-shaped rete ridges with areas of variable de-
grees of dysplasia. These results are in agreement 
with those of other investigators (25,25). These obser-
vations might be interpreted as DMBA induced over 
production of reactive oxygen species, chronic in-
flammation, oxidative modification of DNA bases, 
impairment in antioxidant defense system, defect in 
the activities of detoxification cascade and deregu-
lated expression pattern of molecular markers are 
implicated in the promotion and progression of oral 
carcinogenesis(17). The Bcl-2 immunohistochemical 
results of G-B1 showed strong positive (70.71%) 
cytoplasmic expression throughout the epithelial 
layers and invading tumor cells. These results are 
in line with those of other investigators(17,26,27). This 
suggests that overexpression of Bcl-2 indirectly 
inhibits the process of apoptosis and thus plays a 
role not only in the onset of tumorigenesis, but also 
influences the progression of the disease because 
it increases the survival rate of neoplastic cells, al-
lowing new genetic mutations to occur and granting 
them higher resistant to treatment (27).   

In the present work, the gross observation of 
HBP in G-B2 revealed variable sized nodules and 
exophytic papillary tumor masses with mean tumor 
volume of tumor-bearing animals were 589.9 
mm3. Furthermore, there was no improvement in 
general health of the animals. Histopathological 
results showed well differentiated SCC with deeply 
invading islands of tumor cells into the underlying 
connective tissue. These results were in line with 
other studies(28,29). The non-responsiveness of 
cetuximab as a single agent may be caused by 
multiple intrinsic and extrinsic/acquired resistance 
mechanisms. In the case of HNSCC, many tumors 
remain non-responsive to cetuximab in which 
the single-agent response rate of this drug is less 
than 15%. Nevertheless, cetuximab is known 
to provide a clinical benefit when used either in 
conjunction with radiation or in combination with 
chemotherapy(30,31). From a clinical point of view, 
Lu et al.  (32) reported that acquired resistance occurs 
after an initial response to therapy and eventually 
all HNSCC patients will relapse or become 
insensitive to further cetuximab therapy. The Bcl-
2 immunohistochemical results of G-B2 showed 
strong positive cytoplasmic expression throughout 
the epithelial layers and invading tumor cells. 
However, the mean area % of Bcl-2 expression 
in G-B2 was lower than G-B1. This observation 
might be attributed to that cetuximab decrease the 
expression of Bcl-2, that consequently increases the 
Bax/  Bcl-2 ratio and then promotes the progression 
of cells to apoptosis (33,34).

In the present work, the gross observation 
of HBP in G-B3 showed slight improvement in 
general health of animals. An exophytic tumor 
mass showing decrease in tumor volume which was 
statistically significant lower than G-B2 and G-B1 
with mean tumor volume of tumor-bearing animals 
was 209.9 mm3. These results are in agreement with 
other studies which report the growth suppressive 
effects of curcumin on HNSCC (8,35-37). Guha  
et al.(38)  reported that growth suppression effect was 
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represented primarily by the effect of curcumin on 
the nuclear factor kB (NF-kB) signaling pathway. 
Curcumin caused a reduction in the expression 
of NF-kB and, in addition, inhibited its nuclear 
localization. The activity of curcumin on the NF-kB 
in this type of tumor is due to inhibition of IkB 
kinase, resulting in NF-kB sequestration in the 
cytoplasm. As a result, curcumin has been shown 
to suppress the expression of a variety of NF-kB 
regulated gene products involved in carcinogenesis 
and tumor growth.

Histopathological results of G-B3 revealed 
invasion of well differentiated  SCC which was 
juxta-epithelial only and not extended to the deeper 
connective tissue. These results were in line with 
Hung et al.  (39) in which they reported that curcumin 
evidently decreased cell number migrating through 
the connective tissue. The observed effect of 
curcumin on cell invasion may be partially caused 
by decreasing activity of extracellular matrix 
proteases which play key roles in local invasion. 
The Bcl-2 immunohistochemical results of  G-B3 
showed moderate positive cytoplasmic expression 
throughout the epithelial layers and invading tumor 
cells. This result is in agreement with Ravindran 
et al. (2009) (40) who was postulated that curcumin 
induces downregulation of anti-apoptotic proteins 
and up regulation of pro-apoptotic proteins that lead 
to a loss of the mitochondrial membrane potential, 
opening of the transition pore, releasing cytochrome 
c, activating caspase-9 and caspase-3, and ultimately 
DNA fragmentation and apoptosis.

In the present work, the gross observation of 
HBP in G-B4 showed that injection of curcumin 
and cetuximab for 6 weeks after 18 week of DMBA 
treatment resulted in marked improvement in 
general health of animals. Furthermore, there was 
marked decrease in tumor volume of exophytic 
masses which was lower than other groups treated 
with cetuximab or curcumin only with mean tumor 
volume of tumor-bearing animals was 39.492mm3. 
These observations might be attributed to a 
synergistic effect between curcumin and cetuximab 

in which cetuximab synergizes the efficacy of 
curcumin and vice versa that allowed for G-B4 to be 
the best treated group in the current study. Several 
studies postulated that cetuximab and curcumin can 
be synergized the action of other chemotherapeutic 
agents as well as the action of radiotherapy in 
different types of cancers including HNSCC (41-44).   

In the present study, G-B4 was the best treated 
group, not only in the gross observation results but 
also in histopathological and immunohistochemical 
results. The histopathological results of  G-B4 
revealed invasion of well differentiated SCC which 
was juxta-epithelium only and not extended to the 
deeper connective tissue with increase amount of 
keratin formation. Bcl-2 immunohistochemical 
results showed weak positive cytoplasmic expression 
throughout the epithelial layers and invading tumor 
cells which was lower than G-B2 and G-B3. These 
results might be attributed to the dual effect of both 
curcumin and cetuximab on the Bcl-2 protein in 
which they downregulate the Bcl-2 expression in 
tumor cells that increase the Bax/Bcl-2 ratio and 
promotes the progression of cells to apoptosis in 
a higher level than other groups that treated with 
cetuximab or curcumin only. In conclusion, the 
synergistic effect of both cetuximab and curcumin 
could be a promising treatment of that DMBA 
induced HBP carcinoma model not only in the gross 
observation results but also in histopathological and 
immunohistochemical results. This was enhanced 
by inducing apoptosis via downregulation of the 
Bcl-2 protein.

REFERENCES
1. Rivera C. Essentials of oral cancer. Int J Clin Exp Pathol 

2015;8(9):11884-94.

2. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, 
Rebelo M, et al. Cancer incidence and mortality world-
wide: sources, methods and major patterns in GLOBO-
CAN 2012. Int J Cancer 2015;136(5):359-86.

3. Jemal A, Center M, Ward E, Thun M. Cancer occurrence. 
Methods Mol Biol. 2009:3-29.

4. Silvan S, Manoharan S. Apigenin prevents deregulation 
in the expression pattern of cell-proliferative, apoptotic, 



160 Emad Soliman Mohammed, et al. A.J.D.S. Vol. 20, No. 2

inflammatory and angiogenic markers during 7, 12-di-
methylbenz [a] anthracene-induced hamster buccal pouch 
carcinogenesis. Arch Oral Biol 2013;58(1):94-101.

5. Sacco A, Worden F. Molecularly targeted therapy for the 
treatment of head and neck cancer: a review of the erbB 
family inhibitors. Onco Targets Ther 2016;9:1927-43.

6. Dequanter D, Shahla M, Paulus P, Lothaire P. The role of 
EGFR-targeting strategies in the treatment of head and 
neck cancer. Onco Targets Ther 2012;5:127-31.

7. Kienle G, Glockmann A, Schink M, Kiene H. Viscum al-
bum L; extracts in breast and gynaecological cancers: a 
systematic review of clinical and preclinical research. J 
Exp Clin Cancer Res 2009;28(1):28-79.

8. Wilken R, Veena M, Wang M, Srivatsan E. Curcumin: A 
review of anti-cancer properties and therapeutic activity 
in head and neck squamous cell carcinoma. Mol Cancer 
2011;10(1):12-31.

9. Kewitz S, Volkmer I, Staege M. Curcuma contra cancer? 
Curcumin and Hodgkin’s  lymphoma. Cancer Growth  
Metastasis 2013;6:35-52.

10. Cridge B, Larsen L, Rosengren R. Curcumin and its de-
rivatives in breast cancer: Current developments and po-
tential for the treatment of drug-resistant cancers. Oncol 
Discov 2013;1(1):663-66.

11.  Reuter S, Eifes S, Dicato M, Aggarwal B, Diederich M. 
Modulation of anti-apoptotic and survival pathways by 
curcumin as a strategy to induce apoptosis in cancer cells. 
Biochem Pharmacol 2008;76(11):1340-51.

12. Salley J. Experimental carcinogenesis in the cheek pouch 
of the Syrian hamster. J Dent Res 1954;33(2):253-62.

13. Sommariva M, Cesare M, Meini A, Cataldo A, Zaffaroni 
N, Tagliabue E, et al. High efficacy of CpG-ODN, Cetux-
imab and Cisplatin combination for very advanced ovarian 
xenograft tumors. J Transl Med 2013;11(1):11-25.

14. Manoharan S, Balakrishnan S, Menon V, Alias L, Re-
ena A. Chemopreventive efficacy of curcumin and pip-
erine during 7, 12-dimethylbenz (a) anthracene-induced 
hamster buccal pouch carcinogenesis. Singapore Med J 
2009;50(2):139-46.

15. Negi A, Puri A, Gupta R, Nangia R, Sachdeva A, Mittal 
M. Comparison of immunohistochemical expression of 
antiapoptotic protein survivin in normal oral mucosa, oral 
leukoplakia, and oral squamous cell carcinoma. Patholog 
Res Int 2015;2015:1-06.

16. Casto B, Knobloch T, Galioto R, Yu Z, Accurso B, Warner 
B. Chemoprevention of oral cancer by lyophilized straw-
berries. Anticancer Res 2013;33(11):4757-66.

17. Balakrishnan S, Manoharan S, Alias L, Nirmal M. Effect 
of curcumin and ferulic acid on modulation of expression 
pattern of p53 and bcl-2 proteins in 7, 12-dimethylbenz [a] 
anthracene-induced hamster buccal pouch carcinogenesis. 
Indian J Biochem Biophys 2010; 47(1):7-12.

18. Rajasekaran D, Manoharan S, Silvan S, Vasudevana K, 
Baskaran N, Palanimuthu D. Proapoptotic, anti-cell pro-
liferative, anti-inflammatory and antiangiogenic potential 
of carnosic acid during 7, 12 dimethylbenz [a] anthracene-
induced hamster buccal pouch carcinogenesis. Afr J Tradit 
Complement Altern Med 2012;10(1):102-12.

19. Arya V, Singh S, Daniel M. Clinicopathological correla-
tion of Bcl-2 oncoprotein expression in oral precancer and 
cancer. J Oral Biol Craniofac Res 2016;6(1):19-24.

20. Singh B, Chandler F, Whitaker S, Forbes-Nelson A. Im-
munohistochemical evaluation of bcl-2 oncoprotein in oral 
dysplasia and carcinoma. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod 1998;85(6):692-98.

21. Afifi M, El Sheikh S, Abdelsalam M, Ramadan H, Omar 
T, El Tantawi M, et al. Therapeutic efficacy of plasmonic 
photothermal nanoparticles in hamster buccal pouch carci-
noma. Oral Surg Oral Med Oral Pathol Oral Radiol 2013; 
115(6):743-51.

22. Sophia J. Nimbolide, a neem limonoid inhibits Phospha-
tidyl Inositol-3 Kinase to activate Glycogen Synthase 
Kinase-3β in a hamster model of oral oncogenesis. Sci 
Rep 2016;6:22192-205.

23. Manoharan S, Rajasekaran D, Prabhakar M, Karthikeyan 
S, Manimaran A. Modulating effect of Enicostemma lit-
torale on the expression pattern of apoptotic, cell prolif-
erative, inflammatory and angiogenic markers during 7, 
12-Dimethylbenz (a) anthracene induced hamster buccal 
pouch carcinogenesis. Toxicol Int 2015;22(1):130-40.

24. Manoharan S, Wani S, Vasudevan K, Manimaran A, Prabha-
kar M, Karthikeyan S, et al. Saffron reduction of 7, 12-di-
methylbenz [a] anthracene-induced hamster buccal pouch 
carcinogenesis. Asian Pac J Cancer Prev 2013; 14(2):951-57.

25. Nagini S, Letchoumy P, Thangavelu A, Ramachandran 
C. Of humans and hamsters: a comparative evaluation of 
carcinogen activation, DNA damage, cell proliferation, 
apoptosis, invasion, and angiogenesis in oral cancer pa-
tients and hamster buccal pouch carcinomas. Oral Oncol 
2009;45(6):31-37.

26. Rajasekaran D, Manoharan S, Silvan S, Vasudevana K, 
Baskaran N, Palanimuthu D. Proapoptotic, anti-cell pro-
liferative, anti-inflammatory and antiangiogenic potential 



A.J.D.S. Vol. 20, No. 2 SYNERGISTIC EFFECT BETWEEN CETUXIMAB AND CURCUMIN 161

of carnosic acid during 7, 12 dimethylbenz [a] anthracene-
induced hamster buccal pouch carcinogenesis. Afr J Tradit 
Complement Altern Med 2012;10(1):102-12.

27. Mohan K, Devaraj H, Prathiba D, Hara Y, Nagini S. An-
tiproliferative and apoptosis inducing effect of lactofer-
rin and black tea polyphenol combination on hamster 
buccal pouch carcinogenesis. Biochim Biophys Acta 
2006;1760(10):1536-44.

28. Bonner J, Harari P, Giralt J, Azarnia N, Shin D, Cohen 
R, et al. Radiotherapy plus cetuximab for squamous 
cell carcinoma of the head and neck. N Engl J Med 
2006;354(6):567-78.

29. Boeckx C, Baay M, Wouters A, Specenier P, Vermorken 
J, Peeters M, et al. Anti-epidermal growth factor receptor 
therapy in head and neck squamous cell carcinoma: fo-
cus on potential molecular mechanisms of drug resistance. 
Oncologist 2013;18(7):850-64.

30. Vermorken J, Mesia R, Rivera F, Remenar E, Kawecki 
A, Rottey S, et al. Platinum-based chemotherapy plus 
cetuximab in head and neck cancer. N Engl J Med 
2008;359(11):1116-27.

31. Vermorken J, Trigo J, Hitt R, Koralewski P, Rubio E, Rol-
land F, et al. Open-label, uncontrolled, multicenter phase 
II study to evaluate the efficacy and toxicity of cetuximab 
as a single agent in patients with recurrent and/or meta-
static squamous cell carcinoma of the head and neck who 
failed to respond to platinum-based therapy. J Clin Oncol 
2007;25(16):2171-77.

32. Lu Y, Li X, Liang K, Luwor R, Siddik Z, Mills G, et al. 
Epidermal growth factor receptor (EGFR) ubiquitination 
as a mechanism of acquired resistance to the anti-EGFR 
monoclonal antibody cetuximab. Cancer Res 2007;67(9): 
8240-47.

33. Takaoka S, Iwase M, Uchida M, Yoshiba S, Kondo G, 
Watanabe H, et al. Effect of combining epidermal growth 
factor receptor inhibitors and cisplatin on proliferation and 
apoptosis of oral squamous cell carcinoma cells. Int J On-
col 2007;30(6):1469-76.

34. Huang M, Bock M, Harari P. Epidermal growth factor re-
ceptor blockade with C225 modulates proliferation, apop-

tosis, and radiosensitivity in squamous cell carcinomas of 
the head and neck. Cancer Res 1999;59(8):1935-40.

35. Bisht S, Maitra A. Systemic delivery of curcumin: 21st 
century solutions for an ancient conundrum. Curr Drug 
Discov Technol. 2009;6(3):192-99.

36. Li L, Braiteh F, Kurzrock R. Liposome-encapsulated 
curcumin: in vitro and in vivo effects on proliferation, 
apoptosis, signaling, and angiogenesis. Cancer 2005; 
104(6):1322-31.

37. Li L, Ahmed B, Mehta K, Kurzrock R. Liposomal cur-
cumin with and without oxaliplatin: effects on cell growth, 
apoptosis, and angiogenesis in colorectal cancer. Mol Can-
cer Ther 2007;6(4):1276-82.

38. Sandur S, Deorukhkar A, Pandey M, Pabon A, Shentu S, 
Guha S, et al. Curcumin modulates the radiosensitivity 
of colorectal cancer cells by suppressing constitutive and 
inducible NF-κB activity. Int J Radiat Oncol Biol Phys 
2009;75(2):534-42.

39. Hung M, Yun S, Hui Y, Jia N, Liang C, Chi T, et al. Deme-
thoxycurcumin modulates prostate cancer cell prolifera-
tion via AMPK-induced down-regulation of HSP70 and 
EGFR. J Agric Food Chem 2012;60(34):8427-34.

40. Ravindran J, Prasad S , Aggarwal B. Curcumin and cancer 
cells: how many ways can curry kill tumor cells selective-
ly? AAPS J 2009;11(3):495-510.

41. Khafif A, Lev S, Vexler A, Barnea I, Starr A, Karaush V, et 
al. Curcumin: A potential radio-enhancer in head and neck 
cancer. Laryngoscope 2009;119(10):2019-26.

42. Fan Z, Baselga J, Masui H, Mendelsohn J. Antitumor 
effect of anti-epidermal growth factor receptor mono-
clonal antibodies plus cis-diamminedichloroplatinum 
on well established A431 cell xenografts. Cancer Res 
1993;53(19):4637-42.

43. Bernier J, Bentzen S, Vermorken J. Molecular therapy 
in head and neck oncology. Nat Rev Clin Oncol 2009; 
6(5):266-77.

44. Duarte V, Han E, Veena M, Salvado A, Suh J, Liang L, et 
al. Curcumin enhances the effect of cisplatin in suppres-
sion of head and neck squamous cell carcinoma via inhibi-
tion of IKKβ protein of the NFκB pathway. Mol Cancer 
Ther 2010;9(10):2665-75.




