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ABSTRACT

Background: Oral squamous cell cancer (OSCC) develops as a result of the accumulation of
many genetic mutations that are influenced by genetic predisposition. Upon acquisition of genetic
predisposition, the precancerous cells will transform into malignant cells culminating into
carcinomas. Advances in genetic research over the past few decades have rendered early
detection possible.

Aim: To compare the gene expression of Pi3 Kinase, AKT and mTOR in OSCC and to correlate
the expression levels of these molecules with the survival in OSCC patients. Also to understand the
role of Pi3 Kinase pathway in OSCC progression thereby attempting targeted therapy in OSCC
patients.
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and analyzed.

OSCC.

Materials and Methods: 10 OSCC samples as well as normal healthy samples were collected and
RNA isolation was done using RNA easy kit from Qiagen (Valencia, CA), and then subjected to
cDNA synthesis using Human TGF-1, Human GSK-3 and Human Pi3 kinase primers. Real time
PCR was performed using gene specific primers at 40 cycles. The results were retrieved, tabulated

Results: The current research results revealed that there were up regulation of mMRNA expression
in The PI3K/AKT/mTOR in OSCC patients than in healthy individuals. On comparison, mTOR
showed highest mMRNA expression levels than AKT and PI3K.

Conclusion: Overexpression of Pi3 kinase, AKT, mTOR plays a crucial role in progression of oral
cancer and targeting Pi3 kinase/mTOR pathways could be a novel and targeted approach for

Keywords: PI3K; AKT; mTOR; OSCC.

1. INTRODUCTION

Oral squamous cell cancer (OSCC) is a multi-
factorial malignancy that involves accumulations
of several genetic alterations that are modulated
by genetic predisposition. Oncogenesis and
tumour suppressor genes are the major category
of genes involved in tumorigenesis [1]. OSCC is
caused by the malignant transformation of a
single precursor cell, which leads to the
development of a monoclonal cancer cell
population through proliferation. The precursor
cancer cells tend to have increased proliferation
and decreased rate of apoptosis, resulting in
excessive growth of malignant tissue [2,3]. Upon
acquisition of genetic predisposition, the
precancerous cells will transform into malignant
cells culminating into carcinomas [3]. These
alterations are assessed through researches at
molecular levels, which provide information about
the particular cancer and correlating its genetic
susceptibility with patients, thus predicting the
overall prognosis and survival of the patients.
OSCC is one of the intense and lethal diseases
of carcinomas which do not show much signs
and symptoms at an early stage. The stage of
malignancy of must be considered, as later
stages would almost certainly have a poor
prognosis and survival. Advances in genetic
research over the past few decades have
rendered early detection possible.

Phosphoinositide 3-kinases (PI3Ks), also known
as phosphatidylinositol 3-kinases, are a family of
enzymes that play a role in cellular functions
such as cellular progression, survival,
angiogenesis, and intracellular trafficking, all of
which play a role in tumorigenesis [4]. Many

tumors lack Phosphatidylinositol [3,4,5] P3
trisphosphate [3,4,5] P3 phosphatase
antagonists of PI3K signalling, resulting in

hyperactivation of phosphoinositide 3-kinase

(PI3K) signalling cascades that causes excessive
proliferation of malignant cells. There is evidence
that the Pi3K pathway is activated in about 30%—
50% of carcinomas, according to multiple
sources [5].

Activated Pi3 kinase signaling pathway promotes
activation of AKTby phosphorylation.
Overexpression of p-AKThas been shown to be
associated with shorter disease-free survival
independently of classification and nodal status
[6,7]. Upon activation of AKT, it can produce
variety of downstream effects; one such is the
activation of mTOR [8].

MTOR is a member of the PI3K related kinase
family of protein kinases [9]. Over activation of
MTOR signalling is linked to tumour initiation and
progression, and mTOR activity has been shown
to be disrupted in a variety of cancers, including
breast, prostate, lung, melanoma, bladder, brain,
and renal carcinomas. Additionally, mTOR
activity is deregulated in many cancers as a
result of increased activity of PI3K or AKT [10].

Biologically based therapies that directly target
the pathways responsible for malignant
transformation and progression are desperately
required [11]. The PI3K/AKT/mTOR signalling
pathway is an intracellular signalling pathway
that plays a role in cell cycle regulation. As a
result, it's linked to cellular quiescence,
proliferation, cancer, and resilience. AKTis
phosphorylated and activated by PI3K activation,
which causes it to be localised in the plasma
membrane [11].

Immunohistochemical expression of Pi3 kinase,
AKT, mTOR are done in previous literature. No
other researches have been performed to assess
the activation of PISK/AKT/mTOR signalling
pathway in OSCC. This study is first of its kind.
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The aim of the present research is to compare
the gene expression of Pi3 Kinase, AKT and
MTOR in OSCC and to correlate the expression
levels of these molecules with the survival in
OSCC patients. Also to understand the role of
Pi3 Kinase pathway in OSCC progression
thereby attempting targeted therapy in OSCC
patients.

2. MATERIALS AND METHODS
2.1 Sample Collection

A total of 10 samples of OSCC specimens and
normal non-pathological tissues for the same
patient were obtained from Saveetha Dental
College & Hospitals, Saveetha University
(SIMATS) in the year of 2021. All the patients
had been treated surgically and were subjected
for histopathological analysis and finally viable
specimens suitable for this research were
selected. The 10 samples selected were
moderately differentiated and well differentiated
squamous cell carcinoma according to the
histological grading.

2.2 RNA Isolation

Total RNA was isolated from OSCC specimens
using a RNA easy kit from Qiagen (Valencia,
CA), according to the manufacturer's
recommendations. Optical density at 260 nm was
used to determine the concentration of RNA
samples. After agarose gel electrophoresis, the
presence of 18S and 28S bands confirmed the
quality of the RNA. The RNA samples were
incubated with RNAse-free DNAse at 37°C for 20
min to remove residual DNA contamination and
then the DNAse was inactivated at 65°C for 10
min, and RNA samples were purified using a
RNA easy Kit.

2.3 cDNA Synthesis

first strand cDNA
Inc., Carlshad, CA)

Using the Superscript I
synthesis kit (Invitrogen

according to the manufacturer's protocol, using
oligonucleotide (dT) primers, the total RNA from
each sample was used to generate cDNA.
Briefly, 1 ug of DNase-treated total RNA is used
as starting material, and 1 pl of oligonucleotide
(dT), 1 ul of 10 mM dNTP, 4 pl of 5x first strand
buffer, 2 ul of 0.1 M DTT and 1 pl amount of
RNase. First mix the reactive RNA,
oligonucleotides (dT) and dNTPs, then heat the
contents at 65°C for 5 minutes and then chill on
ice until the other ingredients are added. The
samples were incubated at 42°C for 2 minutes.
Next, add 1 pL of Superscript 1l (40 U / pL)
and incubate the sample at 42°C for 50
minutes. The reaction is quenched at 70°C for 15
minutes.

2.4 Primers
The list of primers used is presented in Table 1.
2.5 PCR Procedure

Template was prepared with malignant cells of
OSCC into 20-50 pl TE (10mM Tris-Cl, ImM
EDTA, pH8,0), 0.1% SDS (or TE, 0.1% Triton X-
100), vortexed and incubated at 100°C for 5
minutes, and vortexed for few seconds. The
suspension was stored at -80°C for several
weeks before performing the PCR. The PCR
amplification was performed using thermal
Cycler. 40 cycles of denaturation at 95°C for 23
seconds, 15 seconds of annealing, and
elongation for 90 seconds at 72°C with 45
seconds denaturing time in the first cycle, and
200 seconds elongation in the last cycle. A
linearly decreasing annealing temperature going
from 47°C in the first cycle to 40°C in cycle fourty
was used.

2.6 Statistical Analysis
Chi-square analysis was done to compare the

gene expression among case and control groups
using SPSS 20 software.

Table 1. Showing list of primers used in this research

PRIMER SEQUENCE

Human AKT FW-5'- RW-5'-
TTGTCATGGAGTACGCCAACG-3 ACAGCCCGAAGTCTGTGATCTT-3

Human mTOR FW-5'- RW-5'-
CCAATCATTCGCATTCAGTCC-% AACAAACTCATGTCCGTTGCTG-3

Human PI3K FW-5'- RW-5-CATTGAGGGAGTCGTTGTGC-

ATGCCTGCTCTGTAGTGGTGG-3 3
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3. RESULTS

The present study results showed that the mRNA
expression levels of Pi3 kinase, AKT, mTOR are
significantly increased in OSCC patients than in
healthy individuals. On comparison, mTOR
showed highest mMRNA expression levels than
Pi3 kinase and AKT. There was also no
significant difference in the statistical mean
values.

The mRNA expressions of PI3K were increased
in OSCC patients than in healthy individuals. We
also observed that in OSCC patients’, 1.5 fold
times expression of Pi3 kinase. The mRNA
expression levels are depicted in Graph 1.

In respect to AKT, the mRNA expression of AKT
was noticeably increased in OSCC patients when
compared to healthy individuals. The expression

levels are depicted in Graph 2. 1.8 fold times
expression of AKT was noticed.

The mTOR mRNA levels were also considerably
increased in OSCC patients than in healthy
control individuals. The expression levels are
depicted in Graph 3. 2.1 fold times expression of
mMTOR was noticed.

4. DISCUSSION

OSCC is the most common malignancies in head
and neck region which accounts for 40%. Since
there is increased tobacco use in developing
countries like India, there is increased incidence
of OSCC in the last decade. The 5 year survival
rate of OSCC ranged between 35% to 44% in
patients with recurrence. There is a need to
assess the biological behaviour of OSCC in order
to predict the prognosis of OSCC patients.
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Graph 1. mRNA expressions of Pi3 kinase mMRNA expression in clinically healthy and OSCC.
Each bar represents Mean + S.E.M of 3 observations; Significance at P < 0.05, ** compared
with healthy control
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Graph 2. mRNA expressions of AKT mRNA expression in clinically healthy and OSCC. Each
bar represents Mean + S.E.M of 3 observations; Significance at P < 0.05, ** compared with
healthy control
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Graph 3. mRNA expressions of mMTOR mRNA expression in clinically healthy and OSCC. Each
bar represents Mean + S.E.M of 3 observations; Significance at P < 0.05, ** compared with
healthy control

Our study demonstrated elevated expression of
Pi3 kinase, AKT and mTOR in OSCC patients
than in healthy individuals. 50% of the OSCC
tissue samples with increased expression of Pi3
kinase, AKT, mTOR were diagnosed as
moderately  differentiated  squamous  cell
carcinoma. Broder’s criteria were used to classify
OSCC as well differentiated, moderately
differentiated and poorly differentiated based on
histological evaluation. Later this criterion was
modified and finally OSCC were graded based
on the multi-factorial systems considered
features of the tumor, the tumor-host interface
and host reactions [12].

Activated Pi3 kinase signaling pathway promotes
activation of AKT by phosphorylation.
Overexpression of p-AKT has been shown to be
associated with shorter disease-free survival
independently of classification and nodal status
(6, 7). Increase in PI3K increases AKT, thereby
suggesting a positive correlation between PI3K
and ATK. Ibrahim M, et al found that activation of
the PI3-kinase pathway in cancer cells was
associated with higher risk of recurrence and/or
death through activation of p-AKT pathway [13].
Multiple types of tumor malignancies have been
identified to activate the PI3K/AKT pathway [14].
Qin L et al, the PI3K/AKT pathway was
associated with migration and invasion of gastric
cancer [15]. Baek S, et al found that the inhibition
of PISK/AKT/mTOR signaling pathway
suppresses the progression of lung cancer and
that provides a source of potential therapeutic
compounds to control the  metastatic
dissemination of tumor cells [16]. PISK/AKT
signalling pathway is a multistep process which
involves numerous up regulation/ down

regulation and activation/ inactivation of multiple
genes, proteins and enzymes; all these
contributes to the tumorigenesis in OSCC.

PISK/AKT/mTOR is one of the most frequently
deregulated signalling pathways in cancer [17].
AKT, a serine/threonine kinase, is a key mediator
of the PI3K pathway, and its activation
phosphorylates a number of proteins that control
cellular  responses such as apoptosis,
metabolism, cell proliferation, and cell
development [4]. This previous existing theory of
PIBK/AKT/mTOR pathway is concordant with our
present study. Our study results showed
predominant elevation of mMTOR than the
PIBK/AKT in OSCC patients than in healthy
individuals. Also we observed that in patients
with recurrence and metastasis, there was 2.1
fold times expression of mMTOR, 1.8 fold times
expression of AKT and 1.5 fold times expression
of Pi3 kinase. In oral carcinogenesis, activation
of Pi3 kinase due to cytokines and interferons
causes upregulation of AKT and mTOR which
promotes the survival and metastasis of cancer
cells thereby affecting the prognosis.

5. CONCLUSION

Overexpression of Pi3 kinase, AKT, mTOR plays
a crucial role in progression of oral cancer and
targeting Pi3 kinase/mTOR pathways could be a
novel and targeted approach for OSCC.
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