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Abstract

Background: The clinical effect of photodynamic therapy (PDT) may be correlated with the degree of
dysplasia of cancer tissues. The aim of this study was to compare the effects of cisplatin, silver nanoparticles
(AgNps), and photodynamic therapy (PDT) using methylene blue (MB) photosensitizer on Head and Neck
squamous cell carcinoma - cell line (HNSCC), Hep-2, through genes expression.

Methods: Hep-2 cells were divided into four groups: group | as control and without any treatment, group 11
and 11 were treated by cisplatin and AgNps, respectively, and group 1V were incubated with MB for four
minutes followed by PDT using laser irradiation at 650 nm for 8 minutes. The resulting toxicity was assessed
in cell lines using MTT cytotoxicity assay. Further, apoptosis and the response to treatment was examined
via RT-gPCR.

Results: MB-PDT inhibited the proliferation of Hep-2 cells. Following PDT, compared with AgNps cells
and via MTT assay, a highly significant decrease was observed in cell proliferation in cancer cells treated
with AgNps and MB- PDT groups compared to cancer group cells and cancer cells treated with Cisplatin
(p value< 0.001). Mechanistically, both the mRNA and protein expression levels of Bcl-2, Caspase-3,
Cyclin-D, HIF-1, IL-8, MAPK-38, and ROS were found to be down regulated in Hep-2 cell line after MB-
PDT.

Conclusions: MB-PDT effectively killed Hep-2 cells in vitro, however, under the same conditions, the
susceptibilities of the cell line to cisplatin, AgNps, and MB-PDT were different. Further studies are
necessary to confirm whether this difference is present in clinical oral cancer lesions.

Keywords: Head and Neck squamous cell carcinoma (HNSCC) silver nanoparticles (AgNps)
photodynamic therapy (PDT), Methylene Blue (MB), Photosensitizer (PS).

Introduction

Light was first used 4000 years ago in ancient
Egypt to treat vitiligo, but in the present
century clinical usage of anticancer
photodynamic therapy (PDT) began since
1970s (1). The basic of photodynamic therapy
depends on the stimulation of a non-toxic
compound called photosensitizer (PS) by
specific light to generate reactive oxygen
species (ROS) that can kill the cells (2, 3).

Methylene blue (MB) presents an excellent
penetration in the cellular membrane due to the
capacity of its benzene ring to concentrate in
the cell organelle and double-stranded DNA. It
has photochemical properties that produce an
excellent quantum yield, hydrophilicity and
low- cost effectiveness (4). Head and neck
cancer (HNC) are the sixth most common
cancer worldwide, accounting for> 350,000
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deaths annually (5). HNCs are mostly
squamous cell neoplasms that originate from
the epithelial lining of the upper aerodigestive
tract and are commonly referred to as head
and neck squamous cell carcinoma (HNSCC)
(6). While HNSCC is curable when diagnosed
early, the prognosis is very poor when
diagnosed at an advanced stage (7).
Commonly used human cancer models
include cancer cell lines and primary patient-
derived tumor xenografts. Cancer cell lines
are derived from primary patient tissue and
have contributed tremendously to cancer
research (8). Identification of the molecular
changes' characteristic of epithelial dysplasia
development and progression provides great
insights into the mechanism of head and neck
carcinogenesis (9). Cancer treatment options
have rapidly expanded owing to the
introduction of tumor-targeted therapy. The
application of surgery is limited since there
are many factors to consider when choosing a
therapy for tumors in the oral cavity and
maxillofacial region. Photodynamic therapy
(PDT) has shown efficacy and is one of the
current treatment options for patients with
HNSCC. Multiple retrospective studies have
investigated the relative benefits of PDT, and
these reports have supported the benefit,
safety, and efficacy of PDT in patients with
oral cancer conditions (10). A systematic
meta-analysis of cohort studies assessing the
clinical effect of PDT in early-stage HNSCC
patients showed no statistically significant
difference in the complete response and
recurrence between PDT and surgery (11).
Despite successful treatment of oral cancer,
the differences in sensitivity of HNSCC cells
to PDT are rarely mentioned. The biological
complexity of oral cancerous lesions
(HNSCC) has increased the difficulty of
designing a therapeutic regimen. Selection of
the appropriate treatment programs should be
based on the different responses to therapy
among cells. Here, the present study
examined the differential susceptibility of
Hep-2 cells to cisplatin, AgNps and MB-PDT.

Materials and Methods

Cell line and Cell culture

The present study was done in the Medical
Biochemistry and Molecular Biology
Department (Tissue culture unit) of the
Faculty of Medicine, Cairo University,
Egypt. Squamous cell carcinoma cell line
(Hep-2) was purchased from Cell Culture
Department- VACSERA- EGYPT. HEP-2
cells (laryngeal carcinoma) were imported
from the “American Type Culture Collection
(ATCC)” in the form of frozen vials, with the
passage number “43”. Origin species:
Homosapiens  (Human). Morphology:
epithelial-like cells. Hep-2 cell line was
grown in a sterile tissue 50 cm? flask in
complete medium containing Dulbecco’s
modified Eagle’s medium (DMEM)
supplemented with 10% fetal bovine serum
(FBS) and antibiotics (100 U/ml penicillin
and 100 mg/ml streptomycin), as described
previously (12,13). The cells were incubated
in 5% CO2 at 37 °C.

Cell culture groups and treatment

Wells of tissue culture plates were equally
divided into four groups as follows:

Group I: Hep-2 without any therapy, serves as
a control group, group I1: as Hep-2 was treated
with cisplatin, while group Il1I: Hep-2 was
treated with AgNps, and group IV Hep-2
treated by PDT.

Therapy with cisplatin
The cells were treated with 2.5 pg/ml of cisplatin
(Mylan S.A.S, France).

Therapy with AgNps

Silver nanoparticles; (Nanostreams Egypt:
NS0011) of 10 nm size, Polyvinylpyrrolidone
(pvp) stabilized, and spherical in shape. The
liquid form (100 ppm conc.) was prepared
according to manufacturer instructions by
adding 100 ml of distilled water for each 10 mg
of the powder supplied.
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Therapy with PDT

MB-PDT involved exposing cultured cells
treated with a photosensitizer to laser
irradiation. Hep-2 cells were incubated with
160 uM MB (Sigma-Aldrich) for 4 min and
then irradiation by 650 nm diode laser
((PIOON S1, China) for 8 min. The de-tailed
in vitro illumination system characteristics and
data have been reported previously (14).

Laser irradiation

The culture dishes were wrapped with in the
dark paper sheets with a hole of a diameter
corresponding to the diameter of the laser spot
area of the handpiece to avoid energy
dispersion.

Cells were irradiated with diode laser
(PIOON S1, China) in continuous wave mode
parameters: 100 mW, wavelength of 650 nm,
spot area of 0.5cm?. Cells were irradiated with
laser probe fixed perpendicular to each plate
and irradiation was carried in dark conditions.
The cells distributed as there was empty wells
between seeded wells cells to minimize
unintentional dispersion of light between wells
during laser application (15). So, laser applied
directly on bottom of each well to decrease
effect of laser scattering and over-exposure,
wells surrounded each tested well were kept
empty and black paper used as a box with
circle hole just for the well (16).

Microscopic examination of cultured cancer cells
Hep-2 cell culture in different groups were
examined under an inverted microscope
(Leica®, Germany)

Cell proliferation 3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyl tetrazolium bromide (MTT) assay.
The Hep-2 cells were cultivated in three 96-
well tissue culture plates containing 103
cells/ml per well. The cells were incubated for
24 h before adding the drugs. The optimal cell
number for cell viability assays was
determined in preliminary experiments. At the
end of the incubation period, the medium was
removed, and the different lines of treatments
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were applied to wells for 24 h. Following 24 h,
20 pL of MTT (5 mg/mL) were added to cells
and incubated for a further 4 h at 37 °C. The
medium was removed and 100 pL formazin
was added to each well. After 10 min of
shaking, the absorbance values were measured
at a range from 490 to 630 nm using an ELISA
reader (Dynatech MRX 5000; Dynex,
Chantilly, VA). MTT and formazin were
obtained from TACSTM TREVIGEN1 8405
Hegerman Ct. Gaithersburg, supplied ready for
use.

For studied genes expression

Hep-2 cells were cultivated in three 24 well
tissue culture plates containing 10° cells/ml per
well. The material of this study was divided
into four groups of Hep-2 cell line regarding
the different lines of treatment as follow the
HepG-2 cells were divided into four groups.

RNA extraction

Total RNA was extracted from cultivated cells
of all studied groups with RNA easy Mini Kit
(Qiagen) according to the manufacturer's
instructions.  quantitation and  purity
assessment for RNA samples were done using
the Nano Drop® (ND)-1000
spectrophotometer (Nano Drop Technologies,
Inc. Wilmington, USA). The extracted RNA
then stored at -80 °C until use.

Real-time quantitative PCR (QPCR)
SensiFAST™ SYBR® Hi-ROX One-Step Kit,
catalog no.PI-50217 V had been formulated
for highly reproducible first-strand cDNA
synthesis and subsequent real-time PCR in a
single tube in a 48-well plate using the Step
One instrument (Applied Biosystem, USA).
Normalization for variation in the expression
of each target gene was performed referring to
the mean critical threshold (CT) values of
glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) housekeeping gene expression by
the AACt method. Primers sequence for Bcl-2,
Caspase-3, Cyclin-D1, HIF-1 were listed in
Table 1.
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Table 1. Details about the base sequences of the primers used.

Gene Name Direction and Primer sequence (5’-3')
Bel.2 B-cell Forward F: 5 -GGAGGGCACTT CC TGAG-3
lymphoma 2 Reverse: 5 -GCCTGGCATCACGACT-3
Caspase.3 E;‘ﬂg;ﬁgcmr Forward: 5- CTCGGTCTGGTACAGATGTCGATG-3'
P factor 2 Reverse: 5'- GGTTAACCCGGGTAAGAATGTGCA -3’
evelin-DL Forward: 5'- GCACAGCTGTAGTGGGGTTCTAGGC
y Reverse: 5'- CAGGCGCAAAGGACATGCACACGGC
HIE-1 %ﬁ‘éﬁe Forward: 5’ GGTTCACTTTTTCAAGCAGTAGG
P, Reverse: 5'- TGGTAATCCACTTTCATCCATTG
gﬁ;ﬁ; Sgﬁgg;;\daetgyde Forward: 5-CACCCTGTTGCTGTAGCCATATTC-3'
Control) dehydrogenase Reverse: 55 GACATCAAGAAGGTGGTGAAGCAG-3

Assessment of 1L-8, MAP kinase and ROS by
ELISA

The protein level of IL-8 (RayBio® Human IL-
8 ELISA Kit, Parkway, US) MAP Kkinase
(LSBio, MAPK ELISA Kit, Washington, US)
and (ROS ELISA Kit. Catalog no. BYEK2822)
Chongging Biospes Co., Ltd. were measured in
the collected media. The spectrophotometric
absorbance was assessed at 450 nm in
accordance with the manufacturer’s instructions.
The results were expressed as pg/mL.

Statistical analysis
The data are presented as meanzstandard
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deviation of mean and one-way analysis of
variance with Tukey's post hoc test for
multiple groups of data using GraphPad Prism
version7 (GraphPad Software, Inc., La Jolla,
CA, USA). Where P value was set as (p< 0.05)
to indicate a statistically significant difference.

Results

Microscopic pictures of different cultured
cancer cells

Microscopic pictures showed significant
decrease between cells treated with PDT in
comparison with cells treated with Cisplatin,
AgNps and control (Fig. 1).

Fig. 1. Microscopic pictures of cultured cancer cells; A, Control cancer cells, B, Cells treated by Cisplatin, C, Cells

treated by AgNps, and D, Cells treated by PDT.
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MTT assay results

After treatment by 24 hours, Cell proliferation
was determined. There is a significant
decrease in cell proliferation in cancer cells
treated with Cisplatin (0.1+0.01), cancer

cells treated with AgNps (0.07+0.03) and
cancer cells treated with PDT (0.04+0.01)
groups compared to cancer group (0.12+0.01)
(p value <0.001) (Fig. 2).
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Fig. 2. Cell proliferation mean levels among different studied groups. Data were expressed as meanSD, p value< 0.05
was significant. (*) denotes significant difference versus cancer group, (#) denotes significant difference versus Hep-2
+ Cisplatin group, ($) denotes significant difference versus Hep-2 +AgNps group.

PCR results

Anti-apoptotic and apoptotic effects of different
lines of treatment

Bcl-2 mRNA expression showed that there is
a significant decrease in cancer cells treated
with Cisplatin  (0.29+0.04), cancer cells
treated with AgNps (0.56+0.04) groups
compared to cancer group (1.05+0.28). (p
value< 0.001), but there is non-significant
decrease between cancer cells treated with
PDT (0.85+0.22) and control group. (p value>
0.05).

Bcl-2 mRNA expression also showed
significant increase between cells treated with
AgNps and PDT in comparison with cells
treated with Cisplatin. And there is significant
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increase in PDT comparing with AgNps (Fig.
3A).

Caspase-3 mRNA expression showed that

there is a significant elevation in cancer cells
treated with Cisplatin (2.93+0.45), cancer
cells treated with AgNps (2.23+0.39) and
cancer cells treated with PDT (2.29+0.69)
compared to cancer group (1.63+0.41). (p
value< 0.001).
Caspase-3 mRNA expression also showed
significant elavation between cells treated
with PDT in comparison with cells treated
with Cisplatin and AgNps, but there is non-
significant increase between cancer cells
treated with cisplatin and AgNps (p value>
0.05) (Fig. 3B).
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Fig. 3 A, BCL-2 gene expression among different studied. B, Caspase -3 gene expression among different studied. Data
were expressed as meanSD, p value< 0.05 was significant. (*) denotes significant difference versus cancer group, (#)
denotes significant difference versus Hep-2 + Cisplatin group, ($) denotes significant difference versus Hep-2 +AgNps

group.

Cyclin D1 mRNA expression

Cyclin D1 mRNA expression showed that
there is a significant decrease in cancer cells
treated with Cisplatin (0.68 + 0.15), cancer
cells treated with AgNps (1.62+ 0.6) and
cancer cells treated with PDT (1.64+ 0.62)
compared to cancer group (3.25 + 0.84). (p
value <0.001).

CyclinD1 mRNA expression also showed
significant decrease between cells treated with
PDT in comparison with cells treated with
Cisplatin and AgNps. But there is non-
significant difference between cancer cells
treated with Cisplatin and AgNps (p value >
0.05) (Fig. 4).
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Fig. 4. Cyclin D1 gene expression: mean levels among different studied groups. Data were expressed as Mean + SD, p
value <0.05 was significant. (*) denotes significant difference versus cancer group., (#) denotes significant difference
versus Hep-2 + Cisplatin group, ($) Denotes significant difference versus Hep-2 + AgNps group.

HIF-1 mRNA expression mRNA expression
HIF-1 mRNA expression showed that there is a
significant increase in cancer cells treated with
Cisplatin (3.67+0.57), cancer cells treated with
AgNps (2.405+0.53) and significant decrease in
cancer cells treated with PDT (1.113+0.42)
compared to cancer group (2.243+ 0.53). (p
value< 0.001).

HIF-1 mRNA expression also showed
significant decrease between cells treated with
PDT in comparison with cells treated with
Cisplatin and AgNps. But there is non-
significant difference between cancer cells
treated with Cisplatin and AgNps (p value>
0.05) (Fig. 5).

Gene expression relative to GAPDH

HIF-1 gene expression

Fig. 5. HIF-1gene expression: mean levels among different studied groups. Data were expressed as mean+SD, p value<
0.05 was significant. (*) denotes significant difference versus cancer group, (#) denotes significant difference versus Hep-
2 + Cisplatin group, ($) denotes significant difference versus Hep-2 +AgNps group.
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MAP kinase and IL-8 proteins expression in
different studied groups

MAP kinase protein expression showed that
there is a significant decrease in cancer cells
treated with Cisplatin (384.8+157.9), cancer
cells treated with AgNps (342.3+52.63) and
cancer cells treated with PDT (208.8+77.71)
compared to cancer group (627.5+100.9) (p
value< 0.001).

MAP kinase protein expression also showed
significant decrease between cells treated with
PDT in comparison with cells treated with
Cisplatin and AgNps (p value< 0.001). But
there is non-significant difference between
cancer cells treated with Cisplatin and AgNps
(p value> 0.05) (Fig. 6A).

IL-8 protein expression showed that there is
a significant decrease in cancer cells treated
with Cisplatin  (13.83+2.56), cancer cells
treated with AgNps (13.7+3.06) and cancer
cells treated with PDT (8.35+1.76) compared to
cancer group (27.2+4.44). (p value< 0.001).

IL-8 protein expression also showed
significant decrease between cells treated with
PDT in comparison with cells treated with
Cisplatin and AgNps (p value< 0.001), but there
is non-significant difference between cancer
cells treated with Cisplatin and AgNps (p
value> 0.05), (Fig. 6B).
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Fig. 6. A, MAP Kinase protein level and B, IL-8 protein levels among different studied groups. Data were expressed as
Mean£SD, p value< 0.05 was significant, (*) denotes significant difference versus cancer group, (#) denotes significant
difference versus Hep-2 + Cisplatin group, ($) denotes significant difference versus Hep-2 +AgNps group.
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ROS expression in different studied groups
ROS expression showed that there is a
significant decrease in cancer cells treated
with Cisplatin (5.2+0.25), cancer cells treated
with AgNps (3.8+0.15) and cancer cells
treated with PDT (6.3+0.5) compared to
cancer group (7.4+0.084). (p value< 0.0001).

ROS expression also showed significant
decrease between cells treated with PDT and
AgNps in comparison with cells treated with
Cisplatin. (p value< 0.0001), and there is
significant decreased between cancer cells
treated with PDT and AgNps (p value>
0.0001) (Fig. 7).

ug/ml

ROS Level among different study groups

*#$

Fig. 7. Ros level among different study groups. Data were expressed as Mean+SD, p value< 0.05 was significant. (*)
denotes significant difference versus cancer group, (#) Denotes significant difference versus Hep-2 + Cisplatin group, ($)

Denotes significant difference versus Hep-2 +AgNps group.

Discussion

Currently, HNSCC is highly associated with
poor prognosis and high recurrence rate,
despite advances that have been made in
diagnostic and therapeutic strategies such as
surgery, chemotherapy, and radiotherapy (17).
In addition, massive resection, and high dose
chemotherapy of progressive and recurrent
HNSCC tumors often give rise to clinical
complications, particularly in older patients.
Therefore, novel therapeutic agents and more
advanced clinical management strategies are
required to improve both the disease outcome
and the quality of life of patients with HNSCC
(17).

Cancer disease characterized by unlimited
proliferation of cells depends on angiogenesis
which is an important factor for proliferating
and spreading of cancer cells. The process of
tumorigenesis and rate of tumor progression
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depends on the balance between proliferation
and apoptosis of the cancer cells (18).

The present study provided evidence for the
higher apoptotic role of PDT, AgNps than
Cisplatin in Hep-2 cell line. Also, there is
increase in Bcl-2mRNA expression between
cells treated with AgNps and PDT in
comparison with cells treated with Cisplatin,
these results were confirmed with caspase-3
MRNA expression that showed significant
elevation between cells treated with PDT in
comparison with cells treated with Cisplatin
and AgNps, but there was non-significant
increase between cancer cells treated with
cisplatin and AgNPs. This is agreement with
other study showed that AgNPs induced cell
death through caspase-3 activation. It is well
established that the accumulation of reactive
oxygen species induces and control apoptosis.
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The ability of AgNPs to generate such species
led to phosphatidylserine externalization,
DNA and nuclear fragmentation, mitochondria
dysfunction, and caspase activity in cancer
cells (19-21), In addition to PDT generate
reactive oxygen species, which allow greater
cancer cell destruction (22).

Photodynamic therapy (PDT) is a non-
invasive method used light, oxygen, and a
photosensitive ~ compound  known  as
photosensitizer (PS) (23). The PS methylene
blue molecules produced destruction of the
unwanted cells via apoptosis and necrosis
through PDT (24). In this study, PDT with MB
and 650 nm diode laser has an effective impact
on HNSCC cell lines. Interestingly, MB alone
with the use of a laser source bring a toxic
effect on the HNSCC cell lines. In other tumor
entities, studies demonstrated the effectiveness
of MB-PDT as cancer treatment modality. For
melanoma MB-PDT was suggested to be a
cheap and efficient method to decrease the
volume of malignant melanoma not eligible
for surgery. In mice, MB-PDT showed a
decrease of 99% in tumor volume and 75% in
tumor weight compared with untreated mice
(p< 0.05) (25). Previous studies are reporting
MB-PDT to induce apoptosis in human lung
adenocarcinoma cells. The study group found
MB to sensitize A549 cells, adeno-carcinomic
human alveolar basal epithelial cells to PDT-
induced apoptosis (26).

According to the present study results,
marked oxidative stress damage was detected
in cancer cell line groups. ROS expression
showed significant increase between cells
treated with PDT and AgNps in comparison
with cells treated with Cisplatin and there was
highly significant increase between cancer
cells treated with PDT and AgNps.

This was manifested by induction of
oxidative stress in different cell lines reported
that apoptosis is the major cell death mechanism
in the cellular response to PDT, which is
associated with characteristic morphological and
biochemical modifications (27).

Furthermore, AgNPs can enter the cells and
translocate into the mitochondria, nucleus, and
redox active organelles that result in the

formation of ROS. In many tumor and non-
tumor cell lines, ROS affect membrane
destruction, mitochondrial damage, oxidative
stress-related mRNA and DNA damage, and
eventual cell death by apoptosis (28).

However, Cis-diamminedichloroplatinum
(1)  (cisplatin) is a platinum-based
chemotherapy agent commonly used in
combination with other drugs in the treatment
of several types of human cancers, including
HNSCC. Cisplatin induces apoptosis by
multiple mechanisms including the induction
of DNA damage, which overwhelms the
cancer cell’s DNA repair mechanisms.
However, repeated treatment cycles often lead
to acquired platinum-based chemoresistance
of cancer cells. This results in the use of higher
doses of the drug, which can cause sever
toxicities (29-30).

Miao et al. (2019) demonstrated that the
members of MAPKSs are as key kinases in
regulating apoptosis and inflammation. MAPK
regulates its downstream transcription factor
nuclear factor-kappa B (NF-«kB), and
subsequently enhances the expression of
cytokines. Blocking the MAPK pathway can
inhibit the production of pro-inflammatory
cytokines, and then reduce apoptosis of normal
epithelium but facilitate apoptosis of damaged
inflammatory cells (31).

Cisplatin has been shown to cause
activation of extracellular signal-regulated
kinase (ERK) in several cell types although
there are controversies whether activation of
ERK prevents or contributes to cisplatin
induced cell death (32). Importantly, we
showed a significant decrease in MAP kinase
protein expression between Hep-2 cells treated
with PDT in comparison with cells treated with
Cisplatin and AgNPs, but there were non-
significant differences between cancer cells
treated with Cisplatin and AgNPs. Among pro-
inflammatory cytokines, IL-8, part chemokine
family that was originally classified as
neutrophil chemoattractant play an important
role in cancer invasion, angiogenesis, and
metastasis (33). Linkov et al (34) and
Hoffmann et al (35) showed an elevated in IL-
8 concentration in patients with HNSCC,
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although with limited statistical significance.
Similarly, Gokhale et al (36) demonstrated that
IL-8 was not increased in patients with a new
diagnosis of HNSCC but was increased in
patients with disease recurrence or metastatic
HNSCC. In the present study we showed the
effect of Cisplatin, AgNPs and PDT on the
production of inflammatory cytokines in Hep-
2 cell line. IL-8 protein expression showed
significant decrease between cells treated with
PDT in comparison with cells treated with
Cisplatin and AgNPs, but there is non-
significant difference between cancer cells
treated with Cisplatin and AgNPs.

The HIF-a level is often up-regulated in the
hypoxic microenvironment of solid tumors,
which contributes to cancer treatment failure
(37). Many studies have proven that free
radical species and ROS up-regulate HIF-1a
level (38). To date, various strategies have
been proposed to modify the tumor
microenvironment (TME) and improved the
tumor’s oxygen level to improve the outcome
of  radiotherapy, = chemotherapy, and
immunotherapy. AgNPs attenuate HIF-10 and
HIF-2a accumulation and suppress the
transcriptional activity of HIF-a, very likely by
increasing the endogenous oxygen. Other
study demonstrated that AgNPs inhibit HIF-1
function by attenuating its  protein
accumulation  and  downstream  target
expression, which provides new insight into
the  mechanism of cytotoxicity and
angiogenesis induced by AgNPs (39).

PDT-induced tissue hypoxiaas a result
of vascular ~ damage and  photochemical
oxygen consumption limits the efficacy of this
modality (40). This may largely be due to
hypoxia induced angiogenesis via hypoxia-
inducible factor-la  (HIF-1a), a major
transcription factor involved in
angiogenesis, hematopoiesis and
anaerobic energy metabolism. In our study,
HIF-lo. mRNA expression showed a
significant decrease between cells treated with
MB-PDT in comparison with cells treated with
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Cisplatin and AgNPs, even though, there is a
non-significant difference between cancer
cells treated with Cisplatin and AgNPs.

Cyclin D1 is a vital regulator of cell cycle
progression and  proto-oncogenes  and
regulates G1 to S phase progression in many
different cell types and functions as a
transcriptional regulator by regulating the
activity of many transcription factors. In
mammalian cells, DNA damage-causing
agents, environmental stress, and viral
infection seem to induce the ubiquitin-
dependent degradation of cyclin D1 (41).

PDT and AgNPs treatment had an extensive
effect on the expression of genes coding for
proteins  involved in regulation and
maintenance of the cell cycle. The results of
the current study indicated that Cyclin D1
MRNA  expression showed  significant
decrease between cells treated with PDT in
comparison with cells treated with Cisplatin
and AgNPs. But there is non-significant
difference between cancer cells treated with
Cisplatin and AgNPs while, the previous study
noticeable that down-regulation of cyclin D1
after 24 h of exposure to AgNPs, whereas
treatment with Ag+ had no effect on the cell
cycle (42). Previous study suggests that
therapeutic agents have been observed to
induce cyclin D1 degradation in human breast
carcinoma cell lines (43-45).

MB-PDT effectively killed Hep-2 cells in
vitro, however, under the same conditions, the
susceptibilities of the cell line to cisplatin,
AgNps and MB-PDT were different. Further
studies are necessary to confirm whether this
difference is present in clinical oral cancer
lesions.
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