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Background: Translation of nanomedical developments into clinical application is receiving an
increasing interest. However, its use for oral squamous cell carcinoma (OSCC) diagnosis remains
limited. We present an advanced nanophotonic method for oral cancer detection, based on diffusion
reflection (DR) measurements of gold-nanorods bio-conjugated to anti-epidermal growth factor
receptor (C-GNRs) specifically attached to OSCC cells.

Objective: To investigate in a rat model of oral carcinogenesis the targeting potential of
C-GNRs to OSCC by using the DR optical method.

Materials and Methods: OSCC was induced by the carcinogen 4-nitroquinoline-N-oxide
(4NQO). C-GNRs were introduced locally and systemically and DR measurements were recorded
from the surface of the rat tongue following illumination with red laser beam. Rats were divided into
experimental and control groups. The results were compared with the histologic diagnosis.
Results: A total of 75 Wistar-derived rats were enrolled in the study. Local application did not
reveal any statistical results. DR measurements following intravenous injection of C-GNRs
revealed a significant increase in light absorption in rats with OSCC compare with rats without
cancer (p<0.02, sensitivity 100%, specificity 89%). In addition, absorption of light increased
significantly in cases of severe dysplasia and cancer (high risk) compared to rats without cancer
and rats with mild dysplasia (low risk) (86% sensitivity and 89% specificity, AUC=0.79).
Conclusion: Combining nanotechnology and nanophotonics for in vivo diagnosis of OSCC
serves as additional tier in the translation of advanced nanomedical developments into clinical
applications. The presented method shows a promising potential of nanophotonics for oral cancer
identification, and provides support for the use of C-GNRs as a selective drug delivery.
Keywords: oral cancer, squamous cell carcinoma, gold nanoparticles, anti-EGFR,
nanophotonic, cancer detection

Plain Language Summary

Translation of nanomedical developments into clinical application is receiving increasing
interest in recent years, with actively targeted nanoparticles being studied as a diagnostic tool
and as a selective drug carriage.

We present an advanced nanophotonic method for cancer detection. The method is based on
measuring the reflected light from a tissue (diffusion reflection-DR) following the introduction of
gold nanoparticles (GNPs). As GNPs absorb light in the red to infra-red spectrum, illumination with
red color laser beam will yield a decrease in the reflected light compared to a tissue without gold
nanoparticles.
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Head and neck cancers including oral cancer exhibit an
increased expression of epidermal growth factor receptor
(EGFR) on their cell membrane. Specific attachment of GNPs
to oral cancer cells is achieved by binding the GNPs with anti-
bodies against EGFR and once injected systemically they are
attracting the oral cancer site and are easily detected by using
the DR photonic method.

In the present study, we investigated in a rat model of oral
carcinogenesis the targeting potential of systemically administra-
tion of GNPs to oral cancer and the detection of the cancerous
lesion using the DR optical method. The results are promising,
DR measurements recorded from the surface of the tongue fol-
lowing intravenous injection of GNPs revealed a significant
increase in light absorption in rats with oral cancer compare
with rats without cancer.

Combining nanotechnology and nanophotonics for in vivo
diagnosis of oral cancer serves as an additional tier in the transla-
tion of advanced nanomedical developments into clinical appli-
cations. The presented method shows a promising potential of
nanophotonics for oral cancer identification and provides support
for the use of C-GNRs as a selective drug delivery.

Introduction

Translation of nanomedical developments into clinical
application is receiving increasing interest in recent
years, with actively targeted nanoparticles being studied
as a diagnostic tool and as a selective drug carriage speci-
fically to cancerous sites.' * Despite the plethora of studies
published in the literature, the clinical use of nanoparticle-
based agents used for in vivo oral cancer diagnosis and
treatment remains limited.>’

Oral squamous cell carcinomas (OSCC) arising from
the mucosal surface of the oral cavity are among the ten
leading cancers worldwide with about 50% 5-years survi-
val rate mainly because of late detection.*’ Several
adjunctive tests have been applied for early diagnosis,
however, none has been recommended for routine clinical
use to replace clinical oral examination.'®!'

Nanoparticles have been studied and applied in the
field of tumor diagnosis and treatment and have attracted
attention as contrast agents to enhance imaging of oral

cancer,671213

yet, these methods do not affect clinical
practice. Due to the remarkable properties of gold nano-
particles, they are considered as a potential tool for cancer
diagnosis and drug delivery applications.

Nanophotonics has emerged as an innovative way in
the field of medicine mainly to detect and imaging cancer
utilizing the unique light absorption properties of gold-

nanorods (GNRs) in the red to infra-red spectrum.'®!’

GNRs bio-conjugated to anti-epidermal growth factor
receptor (C-GNR) monoclonal antibodies are supposed to
attach exclusively to OSCC cells expressing high concen-
tration of EGFR, making them an ideal target for
C-GNRs.'® 2! We have recently described on paraffin-
embedded tissue sections of OSCC
C-GNRs, a significant increase in light absorption using

incubated with

diffusion reflection (DR) measurements following illumi-
nation with a red color laser beam.'®!” In vivo studies are
needed to investigate the accuracy and applicability of
these nanomedical methods in clinical use.

The main perspectives of the study were to investigate
in a rat model of oral carcinogenesis the potential of the
DR optical method to detect OSCC specifically targeted by
C-GNR and to discriminate cancerous and high-risk
lesions from non-cancerous low-risk lesions.

Materials and Methods
Carcinogen-Induced Squamous Cell

Carcinoma in Rat Tongue

The protocol involving animals was approved by the
Institutional Animal Care and Use Committee of the Tel
Aviv University, and the Ministry of Health, authorization
No. 01-16-107, (The procedures described are according
to National Research Council (US), Guide for the Care and
Use of Laboratory Animals. 8th edition. Washington (DC):
National Academies Press (US); 2011). The study fol-
lowed strict criteria for the use of minimum number of
rats.

A rat model of oral carcinogenesis using 4-nitroquino-
line-N-oxide (4NQO) administered via drinking water is
a well-known model simulating the development of oral
cancer in humans.”>*°> The study group consisted of
Wistar-derived male rats weighing about 200g. Rats were
fed standard pellets and water ad libitum. 4NQO (Sigma-
Aldrich) dissolved in dimethyl sulfoxide (Sigma-Aldrich)
and then in tap water to a final concentration of 0.001%.
Water was replaced once a week with a freshly prepared
solution. Bottles of drinking water were shielded with
aluminum foil. Animals were carefully inspected daily.

The Experimental Set-Up

GNRs sized 15X50 nm, were selected as targeted contrast
agents because of the high scattering and absorption prop-
erties compared to gold nanospheres.”®*” Rod shape nano-
particles in the circulation have an increased tendency to
migrate toward vessel walls and extravasate easily into the
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tumor microenvironment.>**?° Conjugated Gold nanorods
with  anti-EGFR  monoclonal antibody Cetuximab
(C-GNR) were used to target OSCC (NanoPartz™
Canada). The extinction coefficient spectrum of the
GNRs was determined using a spectrophotometer, and
the resultant extinction peak was 650nm.

C-GNRs were introduced in three routes, external
application to the surface of the tongue, direct submucosal
injection and systemic injection via the tail vein.
A C-GNR concentration of 6mg/mL was chosen to be
used for the study; 50 pL in the external application and
in the submucosal injection, and 200puL for the intravenous
administration. Following an interval of 96 hours, rats
were sacrificed and sent for DR measurements. The con-
centration of the injected C-GNRs and the interval for the
DR measurements were investigated preliminarily for the
best DR results.

Table 1 depicts the various study groups. Rats were
divided into normal healthy rats and rats treated with
4NQO and whether or not C-GNRs were injected. Rats
treated with 4NQO were divided histologically according
to severity of the dysplastic changes (mild dysplasia, mod-
erate and severe dysplasia and invasive cancer).

The experimental setting of the systemically injected
C-GNRs is presented in Figure 1. In all rats, 3-5 DR
measurements were recorded for each area, in the posterior
dorsum of the tongue, an area where cancer might

develop, and from the anterior tongue.

After DR recording, a mid-lingual incision was made
and specimens were fixed in 10% buffered formalin and
embedded in paraffin. Two consecutive Sum sections were
cut on a glass slide. One slide was stained with
Hematoxylin and Eosin (H&E) to evaluate the histologic
diagnosis, and one unstained slide was submitted for
hyper-spectral imaging.

Diffusion Reflection (DR) Measurements
The noninvasive optical technique was used for the DR
measurements, as has been previously reported.’*?
Briefly, the set-up includes an excitation source,
which illuminates the tissue with a laser diode with
wavelengths of 650 nm, and a photodetector recording
the reflected intensity (I') in different distances (p)
from the light source. The spatial intensities present
a clear difference between the reflectance of the regular
tissue, while the intensities from the normal tissue are
high and decrease rapidly toward zero intensity for
tissues with GNRs. The low intensity, as well as its
rapid decrease, is due to the absorption of light by the
GNRs, indicating the presence of GNRs in the cancer.
In our previous study,®® we have introduced the math-
ematical correlation, which best fit between the optical
properties of the irradiated tissue and its DR profile

measured by our optical set up:
In(pI'(p)) = C1 — up

while p is the effective attenuation coefficient, given by:

1=\ 3,

when p is the distance between the light source and the
detection, I" is the reflectance intensity, C; is a constant
depends on the optical set up apertures, and y is the effective
attenuation coefficient, which depends on p, and pg’, the
absorption and the reduced scattering coefficients of the
irradiated sample, respectively. In order to extract p, we
are presenting the results in the logarithmic form In(pI'(p)).

The reflected intensity I'(p), presenting as units of Volt
per mm, was collected using a digital scope (Agilent
Technologies, Mso7034a, Santa Clara, CA, USA) and
data processed using the LabView program.*

The resultant intensity (I') is plotted as the logarithm of the
product between the distance and the reflectance versus the

Table | The Study Groups. Rats Were Divided According to the Histologic Diagnosis and Whether or Not C-GNRs Were Injected.
Rats Treated with 4NQO Were Divided According to Various Dysplastic Changes (Hyperplasia, Mild Dysplasia, Moderate to Severe
Dysplasia and Cancer)

Group A B C D E F
Rats Healthy rats 4NQO treated Healthy rats 4NQO treated 4NQO treated 4NQO treated
Histology Normal mucosa OSCC Normal mucosa Hyperkeratosis Moderate To Severe OSCC
Mild dysplasia dysplasia
Injected - - + + + +
C-GNRs
International Journal of Nanomedicine 2021:16 submit your manuscript 2239
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Figure | Experimental setup. (A) Injection of GNRs to the rat’s tail vein. (B) GNRs are flowing in the rat’s circulation. (C, D) At the area of the tumor there Is higher
penetration of the blood vessels, since the tumor over express EGFR on the cell membrane, GNRs are attached to the tumor in high concentration. (E) DR measurements
are being recorded; the absorption of the red color laser beam is higher at the area of the tumor where there is high concentration of GNRs. It is also possible to see the
illustration of the cell membrane with the attached GNRs (all images used in Figure | are original).

distance (p). Therefore, for tissue with high absorption of light, An example of how DR results are analyzed is presented
the graph slope is steeper. For convenience, the slope obtained  in Figure 2, the reflected light is measured and the logarithm
from reflectance measurements is given as absolute value. representation of the measurement according to Eq.l is
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Figure 2 Example of logarithm representation of DR measurements. The logarithmic product between the distance and the reflectance (I') versus the distance (p). DR
profile of a healthy rat (group A — black triangles) has a lower absolute slope compared to a rat with cancer (group F — blue circles).
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presented. The slope of a rat with cancer (group F - blue
circles) is higher than the slope of a healthy rat (group C -
black triangles) due to the higher concentration of C-GNRs.

Hyperspectral Microscopy
A hyperspectral imaging system (Nuance, Cri, Woburn, MA,
USA) was used to demonstrate the presence of the GNRs in
the tissue to validate the results of the DR measurements.
Formalin-fixed paraffin-embedded tissue sections were
used. After deparaffinization, the area of interest, the area
corresponding to cancer, was marked on the slide and
viewed under hyperspectral microscopy. The reflectance
intensities from each sample were captured and analyzed
at 650nm, according to the GNRs excitation peak.

Statistical Analysis
Of the various DR measurements, we found that the lowest
DR values, which correspond to the maximum absorption
of light (highest DR slope values) gave the biggest Area
Under ROC Curve (AUC), i.e. the best discrimination.
Therefore, we present the results for the absolute values
of minimum DR measurements.

We used exact Mann—Whitney (MW) and Kruskal—
Wallis (KW) tests to compare DR in two or more groups.

The first analysis was to find whether the injected C-GNR
accumulated in the cancerous site by analyzing the DR values
between rats with cancer (group F) against control rats (group
C). Then, we analyzed the discrimination ability of the DR
measurements after C-GNRs injection between rats with low-
risk lesions (control and mild dysplasia combined, groups
C and D) with rats with high-risk lesions (moderate to severe
dysplasia and OSCC combined, groups E and F). We used
Cuzick non-parametric test for trend, to test if the absorption of
light increases with the stage of tumor evolution. We applied
ROC analysis to estimate the test in whole. The general dis-
crimination ability was expressed using Area Under Curve

(AUC). We fixed the cut-point that reached the maximum sum
of Sensitivity and Specificity in comparison between groups
C and D versus groups E and F. After fixing the cut-point we
compared the results by the Exact Fisher (EF) test for 2x2
tables. We also calculated the Diagnostic Odds Ratio (DOR)
that is defined as

(sensitivity)«(specificity) /((1 — sensitivity)(1 — specificity)).

OSCC developed in all rats in the posterior dorsum of
the tongue, therefore, we compared the DR in the posterior
and anterior parts using exact paired Mann—Whitney
(Wilcoxon) test.

The whole analysis was repeated after exclusion poten-
tial outliers from measurement in a region if there were 3
measurements in the region. The results were quite similar
and are not shown.

The analysis was done using STATA 16 SE software.
All tests were two-sided. P-values under 0.05 were
described as significant.

Results

A total of 75 rats were enrolled in the study, of these 8
rats for the surface application, 13 rats for the direct
submucosal injection and 29 rats for the intravenous
application. In addition, 15 rats were used to determine
the concentration and the interval for the DR measure-
ments. Ten rats expired during the study. 4NQO was
administered for 16 weeks, and rats were sacrificed at
two-week interval starting at week 10 until week 26.
The severity of the dysplastic changes increased with
time. Cancer was initially found at week 14 and the
experiment terminated at week 26. Cancer developed
in the posterior dorsum of the tongue in all rats
(Figure 3A and B), various dysplastic changes were

found throughout the mucosa of the tongue.

Figure 3 (A) Cancer in the posterior dorsum of the tongue (arrow), (B) Low-power photomicrograph showing typical well differentiated squamous cell carcinoma
exhibiting deep invasion (hematoxylin and eosin stain, original magnification x40), (C) hyperspectral imaging, GNRs are shown as red dots, higher magnification of the

marked area shown in B (original magnification X200, scale bar is 500um).

International Journal of Nanomedicine 2021:16
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DR Measurements

External application yielded no results; the C-GNRs could not
penetrate the keratin barrier. In the direct submucosal injection,
DR measurements could not separate cancerous from non-
cancerous lesions as the C-GNRs accumulated at the site of
injection and did not spread in the cancer. Therefore, only the
results of the systemic administration are presented (Table 2).
The experimental group consisted of 9 rats with cancer (group
F); and 9 rats with various dysplastic lesions (group D and E).
Control rats included 6 rats without the administration of
C-GNRs (group A and B), and 5 rats without cancer, but
with systemically administration of C-GNRs (group C).

C-GNRs were injected systemically to all rats in groups C,
D, E, and F, and DR measurements were recorded in all rats.

Summary of the data is presented in Table 2 and
Figures 2 and 4. The highest absolute DR slope values
were recorded in rats with cancer (group F) and in rats
with moderate to severe dysplasia (group E). The lowest
values were recorded in rats with hyperkeratosis and mild
dysplasia, and in all of the control rats reflecting the low
concentration of EGFR (see Statistics).

Figure 3C presents the hyperspectral image, C-GNRs are
clearly demonstrated as red dots concentrated at the cancerous

area.

Table 2 Summary of the Data. Experimental and Control Rats, Diagnosis and Absolute Minimum DR Measurements for Anterior and

Posterior Dorsum of the Tongue

Rat | Group Diagnosis DR Measurements Posterior Dorsum | DR Measurements Anterior Dorsum
1. A Control with no gold 0.1773 0.24
Control with no gold 0.2216 0.2464
3. Control with no gold 0.241 0.234
4. B Control - Cancer with no C-GNR 0.267 0.219
5. Control - Cancer with no C-GNR 0.218 0.164
6. Control - Cancer with no C-GNR 0.2195 0.219
7 C Control healthy + C-GNR 0.182 0.26
8. Control healthy + C-GNR 0.1834 0.24
9. Control healthy + C-GNR 0.2187 0.143
10. Control healthy + C-GNR 0.2262 0.2897
1. Control healthy + C-GNR 0.203 0.167
12. D Hyperplasia-Mild dysplasia 0.1462 0.0987
13. Hyperplasia-Mild dysplasia 0.2413 0.2092
14. Hyperplasia-Mild dysplasia 0.3645 0.2782
I5. Hyperplasia-Mild dysplasia 0.2131 0.1936
16. E Moderate- severe dysplasia 0.2875 0.2998
17. Moderate-severe dysplasia 0.3193 0.3314
18. Moderate-severe dysplasia 0.2771 0.2584
19. Moderate-severe dysplasia 0.1668 0.2311
20. Moderate-severe dysplasia 0.3816 0.2349
21. F Carcinoma 0.3295 0.234
22. Carcinoma 0.3459 0.1278
23. Carcinoma 0.144 0.086
24. Carcinoma 0.2946 0.0747
25. Carcinoma 0.2873 0.2374
26. Carcinoma 0.3868 0.1906
27. Carcinoma 0.3139 0.3
28. Carcinoma 0.2489 0.1273
29. Carcinoma 0.2999 0.29

Note: C-GNRs were injected in all experimental rats (group D, E, F) and in control rats group C.
Abbreviations: A, group A control healthy rats with no C-GNR injected; B, group B control rats with cancer with no C-GNR injected; C, group C control healthy rats with
gold injected; D, group D experimental rats — hyperplasia/mild dysplasia; E, group E experimental rats — moderate/severe dysplasia; F, group F experimental rats — OSCC.
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Figure 4 DR measurements of the study group. The highest absolute DR slope values were recorded in rats with cancer (group F) and in rats with moderate to severe
dysplasia (group E). The lowest values were recorded in rats with hyperkeratosis and mild dysplasia and in all of the control rats reflecting the low concentration of EGFR.
The oblique line represents the trend; a significant trend of the DR measurements in the posterior area correlated with the progression of the severity of the lesions (Cuzick

trend test, P = 0.018).

Statistical Analysis

Comparison of the DR values in the posterior tongue
between the three control groups A, B, and C did not
reveal any statistical differences (Kruskal-Wallis
p=0.4862). The DR values in healthy rats with injected
C-GNRs (group C) did not differ from healthy rats without
injected C-GNRs (group A) (exact MW p=0.79) and the
absorption of light was even slightly less in group A than
that in group C (Exact MW p=0.25).

DR measurements following intravenous injection of
C-GNRs revealed a significant increase in light absorption
in rats with cancer (group F) compared with rats in group
C (p<0.02, sensitivity 100%, specificity 89%) (Figure 4).

A significant trend of the DR measurements in the poster-
ior area correlated with the progression of the severity of the
lesions (Cuzick trend test, P =0.018) (Figure 4). ROC analysis
revealed AUC=0.79 (95% CI=(0.56, 1.0)). A significant dif-
ference was found between high-risk rats (groups E, F) and
low-risk rats (groups C, D); The best cut-point for discrimina-
tion was defined as 0.245 and the corresponding sensitivity
was 86% and specificity 89%. DOR=48 (Table 3).

The differences in the DR measurements between the
posterior and anterior parts were found only in the

cancerous group F (Wilcoxon p=0.0039). In all other
groups, no differences were encountered due to the pre-
sence of dysplasia throughout the entire tongue epithelium.

Discussion

Most oral cancer cases are discovered in advance stage;
therefore, secondary prevention is the key to prevention,
which means detecting cancers in early enough stage that
they can be treated. Several adjunctive tests have been
applied for augmenting the diagnosis, such as cytological

Table 3 Statistical Analyses for Comparison Between the High
and Low Risk Groups (C, D versus E, F)

International Journal of Nanomedicine 2021:16

Risk/Group Number of Rats/Diffusion Total
Reflection
DR<0.245 DR>0.245
Low risk (C, D) 8 [ 9
88.98 1.1l 100.00
High risk (E, F) 2 12 14
14.29 85.71 100.00
Total 10 13 23
43.48 56.52 100.00
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testing, autofluorescence, and tissue reflectance methods,
nevertheless, the potential benefit of these devices for
cancer diagnosis in the oral cavity is debated.'' Real-
time optical diagnostic methods, such as Raman spectro-
scopy, elastic scattering spectroscopy, diffuse reflectance
spectroscopy, narrow-band imaging, and confocal reflec-
tance microscopy emerged to distinguish malignant from
benign oral lesions,lo however, these methods are still
under investigation and are yet of limited clinical use.

The present study shows the potential of the DR optical
method to detect OSCC specifically targeted by systemi-
cally delivered C-GNR. OSCC was identified in all rats
with cancer compared to control rats with 89% sensitivity
and 100% specificity. In addition, a significant difference
was found between rats with high-risk lesions (groups E,
F) compared with low-risk rats (groups C, D) (sensitivity
86% specificity 89%). Discriminating low-risk lesions
(hyperkeratosis and mild dysplasia) from high-risk lesions
(moderate to severe dysplasia and OSCC) is of utmost
importance as these lesions are prone to transform into
invasive cancer.'®> DR measurements taken from rats
with dysplastic lesions show a significant trend; increase
in the absorption of light with the increase of the dysplas-
tic severity and dramatic increase once cancer is detected
(Cuzick trend test, Prob = 0.018). These results are in
accordance with our previous in vitro study using hyper-
spectral microscopy on paraffin-embedded tissues, show-
ing an increase in the reflectance intensity with the
progression of the disease, lowest in the control group
and increasing as the dysplastic changes increase.'”
Additional support came from the study of Ankri et al
using airSEM microscopy on OSCC slides,> showing
a gradient decrease of C-GNRs concentration from the
tumor to normal epithelium. Specifically targeting high
concentration of C-GNRs exclusively to oral tumor cells
and the DR-nanophotonic detection of these nanoparticles
from the surface of the tongue makes the presented
method unique for early detection of OSCC. An interest-
ing observation is the differences between the anterior and
posterior tongue, the main statistical differences were
found in the carcinoma cases and not in the dysplastic
cases. These results support the field cancerization theory
as the entire tongue is affected by the carcinogen.

For efficient targeting and imaging, several aspects are
to be considered. The nanoparticles should have the best
physical design to enhance imaging, the biology of the
tumor to be targeted, and the coating moieties that will
confer the best specific active binding potential.>® In

addition, biocompatibility and cytotoxicity are factors to
be considered.

GNRs sized 15X50 nm, were found to be highly fea-
sible for the study because of the maximum absorption and
at the light
spectrum.'’?*** Size is known to affect the distribution

scattering properties red to infrared

of the nanoparticles, the smallest GNPs revealed the most
widespread distribution.*®®

Tumor penetration through the vasculature is the first
barrier for nanoparticles to gain access to the tumor micro-
environment. The enhanced permeability and retention
(EPR) effect is responsible for passive GNPs accumulation
in the microenvironment.’ Recent study found that passive
extravasation contributed only a fraction of the nanoparti-
cle tumor accumulation, and up to 97% of nanoparticles
use an active process through trans-endothelial
pathways.*

Active targeting, the result of specific binding to cancer
cells, enhances the retention of the nanoparticles in the
tumor environment.”?’ The use of specific ligands as
binding molecules relies on the fact that several receptors
are frequently overexpressed in solid tumors.*® Head and
neck cancers including oral cancer exhibit an increased
EGFR expression.'® %' Specific binding of gold nanorods
to oral cancer cells is achieved by conjugating with
Cetuximab, a chimeric monoclonal mouse-human immu-
noglobulin G1 (IgG1) antibody. Cetuximab binds specifi-
cally to the extracellular ligand-binding domain of EGFR
with a binding affinity that is two log units greater than
that of EGF or TGF-o.*'*** The hyperspectral results
demonstrate the presence of increased concentration of
C-GNRs in the area related to the tumor (Figure 3).

GNPs have an excellent stability and biocompatibility,
tailorable shapes and sizes, an easily functionalized surface,
high drug-loading capacity, and low toxicity.* These prop-
erties considered GNPs as a potential tool for diagnosis,
imaging and treatment of various cancers, including oral
cancer.” 27334445 Nevertheless, despite all these benefits,
biocompatibility and cytotoxicity of the GNPs is still a factor
to be considered. Several assays have been used to study the
toxicity of GNPs in biological systems presenting a clear
size-dependence.*® To reduce toxicity, GNPs are coated with
PEG rendering the nanoparticles perfectly soluble in water
and minimizes any protein adsorption.**

Even though basic research studies have revealed
a greater promise of nanomaterial to improve prognosis,
none was translated into clinical benefits for oral cancer

patients.” Accurate and early detection of OSCC and high-
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grade dysplastic lesions is a critical challenge. The super-
ficial presence of OSCC and the overexpression of EGFR
make these tumors ideal for the use of nanophotonic-based
detection. The use of gold nanoparticles combined with
nanophononics for in vivo diagnosis of OSCC suggests
a promising potential for oral cancer detection. In addition,
providing a significant support for the use of C-GNRs for
selective drug delivery.
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