Targeting Induced Oral Squamous Cell Carcinoma Using Panel of
Chemotherapeutics Loaded on Gold Nanoparticles (Experimental Study)†
Marwa M. Essawy1,2*, Sagy L. Assar1*, Hend M. Abdel Hamid1*, Sahar M. El-Sheikh1, Fatma H. El-Didi1,
Zeinab E. Darwish1, Hanaa S. Raslan1, Ghada M. Mourad2,3, Marwa M. Afifi1.
1. Oral Pathology Department, Faculty of Dentistry, Alexandria University, Egypt. 2. Center of Excellence for Research in Regenerative
Medicine and Applications (CERRMA)**, Faculty of Medicine, Alexandria University, Egypt. 3. Histology and Cell Biology Department,
Faculty of Medicine, Alexandria University, Egypt.

INTRODUCTION

RESULTS

Oral squamous cell carcinoma (OSCC) is the sixth common cancer. The use of nanoparticles
in cancer therapy as nanoparticle-based drug delivery system (DSS) is attractive. Gold
nanoparticles (AuNPs) are an excellent candidate for drug delivery vehicles due to their
unique physical and chemical properties. They are easily synthesized into different sizes and
shapes. Moreover, AuNPs can be conjugated with different functional ligands. Of these
ligands, polyethylene glycol (PEG) is frequently used to evade opsonization of AuNPs. The
tri-peptide arginine-glycine-aspartic acid (RGD) sequence is peptide ligand that used to
achieve active targeting of aνb3 and aνb5 integrins that are expressed in the tumor site.
Therefore, in designing AuNPs as DDS, these 2 ligands are used to functionalize AuNPs.
Panel of chemotherapeutics are available for cancer therapy with different mechanisms of
action, doses, and routes of administration. However, the accompanied side effects impair the
clinical outcomes and affect patients’ lives. Therefore, loading the drugs on AuNPs would
help in decreasing the side effects, reducing the drug dose, controlling the drug biodistribution, and most importantly, improving the patient compliance.

OBJECTIVES
The study aimed to evaluate and compare actively targeting OSCC with 4
different chemotherapeutic drugs Doxorubicin (DOX), 5-flourouracil (5FU),
Paclitaxel (PTX) and Camptothecin (CPT) loaded on AuNPs. The treatment was
evaluated by the use of proliferating cell nuclear antigen (PCNA)
immunhistochemical marker.

METHODS
1. Material:
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1.Clinical assessment:
o Evaluation of tumor volume and survival rate:
• In control saline group, tumors continued to
increase in volume, (Fig.3a&b) and showed mean
survival rate of 11±1.4. Meanwhile, the treated
tumors by free AuNPs group recorded decrease in
the tumor volume by -4.2±2.7 and slight increase in
survival rate of 20.2± 3.42.
• The DOX-AuNPs group recorded the highest
decrease in the mean tumor volume by -43.1±26.8
followed by 5FU-AuNPs group (Fig.3c,d& e), which
also revealed the highest significant increase in the
mean survival rate of 35.9±5.5 (Fig.3f).
• Regarding PTX-AuNPs group, the significant
decrease in the mean tumor volume was -29.0±18.1,
with mean survival rate of 28.2±8.2. Finally, CPTAuNPs group recorded mean tumor volume
decrease by -10.6±2.1 and mean survival rate
increase of 23.3±1.22, (Fig.3e&f).
Fig. 3

3. Synthesis and characterization of AuNPs
Citrate stabilized AuNPs with an average
diameter of 30 nm were synthesized by the
citrate reduction method.(3)
Colloidal AuNP was characterized by UVVis spectrophotometer, Zeta potential, and
transmission electron microscope (TEM),
(Fig.2).
4. Functionalization of AuNPs
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b. PCNA proliferative assay

After esthetical approval(1), Hamsters’ left
buccal pouches were painted with 0.5%
DMBA, using a brush number 4.(2) This
procedure was repeated 3 times per week for
18 weeks or upon developing tumors,
(Fig.1a&b). Histologically, these tumors were
proved to be SCC, (Fig.1c).
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2. Histological assessment:
a. Apoptosis detection and AI
• By light microscope, apoptotic epithelial cells
revealed nuclear fragmentation and detached
______
desmosomal attachments,(Fig.4a). The apoptotic 100 µm
bodies were seen in the form of single rounded c
nuclear residues with intensive eosinophilic
cytoplasmic stain, (Fig.4b).
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• By TEM, apoptotic malignant epithelial cells
showed nuclear shrinkage, chromatin condensation (Fig.4c1), and loss of nuclear membrane with
nuclear fragmentation (Fig.4c2). Wide intercellular
spaces (→) with apoptotic bodies (*) were also e
20
detected, (Fig.4d).
15
• Regarding AI, the control saline group showed the
10
lowest AI of 2.53±0.45. The highest index
5
19.17±1.92 was recorded for DOX-AuNPs. This
0
was followed by 5FU-AuNPs then PTX-AuNPs
and finally CPT-AuNPs, (Fig.4e).
Fig. 4

2. Cancer induction:
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The control saline group showed intense nuclear
immunoreactivity, with the highest MA % of
70.30±3.6, (Fig.5a). In the free AuNPs group, the
immunoreactivity to PCNA was decreased with
MA% 59.0±8.0,(Fig.5b).
The lowest reaction was noted in DOX-AuNPs
group, with almost negative PCNA immunreactivity, (Fig.5c). In the 5FU-AuNPs group, the
PCNA immunoreactivity decreased significantly as
well measuring 23.6 ±1.3, (Fig.5d).
At last, PTX-AuNPs and CPT-AuNPs revealed
decreased PCNA reaction reaching 29.4±2.9 and
35.9±1.3 respectively,(Fig.5e).
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PEGylation: PEG was added to cover 20% of AuNP’s surface.
RGD peptide: RGD was added to cover 25% of AuNP’s surface.
Chemotherapeutics: each of DOX, 5FU, PTX, or CPT was added
to cover the 55% rest of AuNP’s surface.(4)

5. Treatment plan
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CONCLUSIONS
The gold nanoparticles can be used with promising results as DDS in cancer
therapy. Active targeting the cancer with RGD-AuNPs accentuate the effect of the
anticancer therapy. The use of AuNPs as DDS reduces tremendously the dose of
the associated chemotherapeutic, with preserving its anticancer effect.
Furthermore, DOX and 5FU loaded on AuNPs have the superior therapeutic
effects in treating OSCC.
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6. Evaluation of proposed treatment
After treatment, the animals in each group were followed up for clinical assessment,
regarding changes in tumor volume (TV) and survival rate.(6)
At the end of 4th week after treatment, half the hamsters in each group were sacrificed. The
biopsies from extracted oral tumors were processed for different microscopical evaluations,
regarding detection of apoptosis and calculating the apoptotic index (AI) as well as immunohistochemical evaluation of mean area percent (MA%) of PCNA proliferative activity.(7)
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