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ABSTRACT

Aberrant PI3BK/AKT/mTOR/ pathway have been considered one of the starting points of various types of human
cancer, including the oral squamous cell carcinoma (OSCC). The important role played by this signaling pathway
in oncogenesis and cancer evolution, oriented the researchers’ attention toward studies of AKT and the
PIBK/AKT/mTOR axis in the context of malignant transformation of oral precancerous lesions. Consequently, this
article’s aim is an update of the possible key role played by the PI3K /AKT/mTOR axis on the oral lesions’
malignant transformation stage.

Oral potentially malignant disorders are defined as lesions that will most probably progress to malignant lesions
of the oral cavity. These lesions are mainly represented by leukoplakia, erythroplakia, actinic cheilitis and lichen
planus.

PI3K/AKT/mTOR signaling cascade should be regarded as a crucial subject for additional research, focusing not
only on the early identification of malignant transformations of oral lesions, but also on opening new therapeutic
ways in order to prevent malignant transformation and OSCC evolution.

Key words: PIBK/AKT/mTOR pathway, leukoplakia, erythroplakia, lichen planus, oral
potentially malignant disorders

INTRODUCTION risk groups is continuously reported. (9,10)
Currently, the clinical and pathological In these patients case an important role
stage at the time of diagnosis, still remains should be assigned to the oral potentially
the most important influencing factor of malignant disorders. (11,12)
prognosis in oral squamous cell carcinoma Oral potentially malignant disorders
(OSCC). (1-3) Considering the high (OPMD) are defined as morphologically
mortality rate, the anticipation of malignant altered tissues, more likely able to develop
transformation of the oral potentially cancer. (13) The potentially malignant oral
malignant disorders and the early detection epithelial lesions represent the
of oral malignancy will ensure a better manifestations of a group of oral
prognosis and increased survival rates. (4,5) pathologies, present before the onset of
The most important OSCC risk factors OSCC.
include tobacco use (including smokeless In the literature, over time these lesions
tobacco), alcohol consumption, oral have been referred to by terms such as
mucosal trauma caused by teeth and “precancerous”,
prosthetic  devices, chronic mucosal “precancerous/premalignant lesions” and
inflammation, HPV infection, ultraviolet “intraepithelial neoplasia”. The term
radiation (mainly UV-B) exposure. (6-8) “potentially malignant disorders” was
Considering that most of the risk factors can adopted by the World Health Organization
be avoided, oral cancer may be regarded as because there is no certainty that all
a possible preventable disease. However, precancerous lesions will eventually
OSCC occurrence in patients outside the develop oral cancer. (14)
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A broad spectrum of lesions and conditions
such as leukoplakia, proliferative verrucous
leukoplakia, erythroplakia, actinic cheilitis,
oral lichen planus, oral submucous fibrosis,
palatal mucosal changes in reverse smokers,
lupus erythematosus and some hereditary
conditions (epidermolysis bullosa and
dyskeratosis congenita) are considered oral
potentially malignant disorders. There is
sufficient evidence for an increased risk of
oral cancer also among patients presenting
with "oral lichenoid lesions” as well as
among those diagnosed with oral
manifestations of chronic graft-versus-host
disease, both of which have recently been
added to the list of oral potentially
malignant disorders (OPMD) by the WHO
Collaborating Centre for Oral Cancer UK
(2020) following an updated report on
OPMD nomenclature and classification.
(14)

Dealing with patients with oral potentially
malignant disorders is difficult to manage.
A proportion of patients will develop
malignancies, so determining the patient's
cancer risk is key to making management
decisions. However, understanding the
process of malignant transformation of
lesions is not fully elucidated, and a
precision approach based on the integration
of numerous predictive markers has not yet
been validated. (15-17)

Lesions with malignant potential have a
statistically increased risk of progressing to
cancer, but the risk varies depending on a
number of factors related to the patient or
lesion. (18)

There are many favoring factors associated
with the development of potentially
malignant lesions and the risk of malignant
transformation of the lesion. (18,19).
Independent evolution of malignant or
premalignant lesions is considered when
they are result of separate genetic events
triggers. (20) Recent theories reveal that
transformed cells may migrate to adjacent
cells, resulting in multiple lesions on
various mucosal area. (21) For example, in
gastrointestinal cancer, cancer cells seem to
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be widespread in crypt or gland fission. (22)
Migration can also be a possible mechanism
for closely spaced oral lesions. However,
Poh et al. study that included multiple pre-
oral cancer lesions such as hyperplasia,
dysplasia, highlighted that most of these
multiple lesions occurred from clonally
independent cells. (23) Moreover, the
recent study of Bakker et al. reported that in
widely isolated head and neck cancers, the
lesions are usually not clonally associated,
p53 mutations playing key roles. (24) Given
the complex molecular relationship
between the PI3BK/AKT/mTOR axis and the
tumor suppressor p53, a special attention
should be assigned to the AKT/mTOR
signaling pathway in the context of oral
lesions malignant transformations.
Aberrant PI3BK/AKT/mTOR pathway have
been considered one of the starting points of
various types of human cancer, including
the oral squamous cell carcinoma (OSCC).
(25,26) Consequently, this article’s aim is
an update of the possible key role of the
AKT/mTOR signaling on the oral lesions’
malignant transformation stage.

MATHERIALS AND METHODS

In our research, we conducted the literature
from databases such as PubMed, Science
Direct, Google Scholar, Scopus and Web of
Science using the following search terms:
“PIBK/IAKT/mTOR  pathway”,  “oral
squamous cell carcinoma”, “leukoplakia”,
“erythroplakia”, “lichen planus”, and “oral
potentially malignant disorders”.

RESULTS AND DISCUSSIONS

The key cause of late-stage cancer diagnosis
is delayed diagnosis, so achieving the goal
of improving oral cancer prognosis means
reducing the delay in diagnosis. The first
goal that should be achieved is for clinicians
to know precisely the clinical signs and
symptoms that lead to the suspicion that a
patient has oral cancer at an early stage or
oral potentially malignant disorders
(OPMD). (27)
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1. Oral potentially malignant disorders
(OPMD), characterized by an increased,
variable risk of developing oral carcinoma,
are mainly represented by:

a) Leukoplakia is the most common oral
potentially malignant disorder. It is defined
as predominant white lesion of the oral
mucosa that cannot be characterized as
another definable lesion. (28-31) Oral
leukoplakia is more common found in
elderly population, between 40-60 years
(32,33) and is usually more noticeable on
the alveolar ridge gingiva or on the tongue.
(34)

The study by Aguirre-Urizar et al.
following a systematic review of articles
published in the last 5 years (2015-2020)
showed that the percentage of malignant
transformation of oral leukoplakia ranged
from 1.1% to 40.8%. In addition, study
findings showed that female sex, non-
homogeneous clinical type of leukoplakia
and presence of epithelial dysplasia were
significantly  related to  malignant
transformation. (35)

The same aspect related to the non-
homogeneous clinical type of leukoplakia is
presented by Pindborg et al. who show that
speckled leukoplakia, characterized by the
presence of the white nodular patches or
white lesions, interspersed with
erythematous areas, was often associated
with epithelial dysplasia or carcinoma. (36)
The reported leukoplakia malignant
transformation rate is overall about 4,9%
per year. (37)

In leukoplakia diagnosed patients the
malignant transformation events can also
occur in other tissue areas of oral cavity and
upper aerodigestive tract, not only in the site
of the primarily diagnosed lesion.
Currently, leukoplakia is regarded as a great
risk marker of the oral mucosa cancer.
(38,39)

b) Proliferative verrucous leukoplakia is
classified as a potentially malignant
condition with a high rate of transformation
into oral squamous cell carcinoma and
verrucous carcinoma. (40) The incidence is
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estimated at 3-9% of all oral mucosal
cancers (43), and the rate of malignant
transformation is 50%, averaging 57
months. (44)

It is a particular form of leukoplakia,
multifocal, extensive, of unknown etiology,
usually refractory to all therapeutic attempts
and with frequent relapses. It occurs
predominantly in older women, the most
affected topographic areas being the
gingiva, buccal mucosa, alveolar crest,
while the tongue is less involved. (41)

Any leukoplakia lesion that becomes
exophytic, extensive and multifocal after a
period of time and has recurred after
treatment should raise clinical suspicion of
proliferative verrucous leukoplakia. (42)

c) Oral erythroplakia is defined as a
premalignant lesion of the oral mucosa.
(45,46) Traditionally it has been described
by analogy with oral leukoplakia, as a red
lesion that cannot be clinically or
pathologically characterized as another
well-defined lesion. (45)

Same as for leukoplakia, the main factors
incriminated in this disease onset are
represented by tobacco usage and alcohol
intake. (47) According to several studies,
oral erythroplakia has a high rate of
malignant transformation, with variations
between 14,3 to 50%. (48-50) Currently,
p53 gene mutations are considered main
actors in  erythroplakia ~ malignant
transformations. These mutations were
identified in exons 6 (33%), 5 (25%), 8
(25%) and 9 (17%) of p53 gene. (51)

This is one of the most important oral
lesions because in 75-90% of cases it
actually turns out to be carcinoma,
carcinoma in situ or has severe dysplasia.
(52)

d) Oral lichen planus (OLP) is considered
by the World Health Organization as a
possible precancerous condition. The
premalignant potential of OLP is still a
source of contention in the scientific
literature. (53)

Fitzpatrick et al. following observational
evaluation of 16 studies showed that in
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individual studies the rate of malignant
transformation of lichen lesions was up to
3.5%, and the most common topographic
location of malignancy was the tongue. (54)
Case report studies continuously highlight a
possible significant risk of malignant
transformation of OLP lesions to OSCC.
(55-57)

Oral lichen planus (OLP) is defined as a

chronic  inflammatory  condition  of
unknown etiology with characteristic
periods of remissions and exacerbations.
(58)

OLP is represented by a white, lacy,
reticular pattern lesion, located on the
buccal mucosa of the cheeks, usually on
both sides of the internal cheeks. (59) Other
forms include papular, atrophic or erosive
lesions. (60) The erosive lesions may be
quite painful and may develop multiple
complications, such as secondary infections
caused by Candida spp. (61)

Atrophic and erosive lesions of the tongue,
especially if the patient is a smoker, have a
higher risk of malignancy. A major
challenge in the clinical follow-up of
patients with OLP in terms of early
diagnosis of malignant transformation of
the disease relates to the difficulty in
differentiating atrophic-erythematous
lesions that frequently occur in OLP from
erythroplakia lesions, which frequently
occur as an expression of incipient
carcinomas. (62)

e) Oral lichenoid lesions.

In the latest classification of OPMD (2020)
(14) it was included in the group of
potentially malignant conditions. In recent
years, differentiation between oral lichen
planus (OLP) and oral lichenoid lesions
(OLL) has become important, as the latter
may have a higher malignant potential. (63)
Lichenoid reactions are classified into 3
types: (1) in relation to dental restorations,
often amalgam, also called lichenoid
contact lesions, (2) drug-related and (3) in
association with chronic graft-versus-host
disease (cGvHD). (43)
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f) Oral submucous fibrosis are
encountered particularly in population
groups from Asia with specific lifestyle
habits (the habit of chewing betel and areca
nuts). (42)

g) Oral lupus erythematosus has been
recognized by the WHO as a potentially
malignant  disease, but  malignant
transformation is known to be extremely
rare. (64,65)

h) Oral epidermolysis bullosa in the latest
classification of OPMD, due to lack of clear
evidence, has been classified as a condition
with limited evidence of malignant lesions.
(14)

i) Actinic cheilitis is a potentially
malignant lesion located on the lower lip
caused by chronic exposure to ultraviolet
radiation. The malignant transformation
process to squamous cell carcinoma is
significant (6-10%), with a high rate of
metastasis (11% compared to 1% in other
body areas). (66,67)

Risk factors for malignant transformation
are considered to be people with excessive
exposure to ultraviolet radiation, especially
those living in tropical regions, with fair
skin, males, older age and smokers. (68)

J) Oral manifestation of chronic graft-
versus-host disease (GVHD) is a major
complication of allogeneic hematopoietic
stem cell transplantation and the leading
cause of post-transplant morbidity and
mortality.

Oral manifestations of GVHD include
atrophic-ulcerative and keratotic lesions of
the oral mucosa (similar to lichen planus),
salivary gland dysfunction (similar to
Sjogren's/Sicca syndrome), and limitation
of mouth opening secondary to oral and
perioral  tissue sclerosis (similar to
limitation in scleroderma). (69)
Therapeutic management may include both
local and general long-term
immunosuppressive therapy and/or
corticosteroid therapy. The most common
side effects of this therapy are the presence
of local and general infections,
hyperglycemia, renal dysfunction,
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osteoporosis and possible development of
secondary malignancies. Due to the
increased risk of oral carcinoma in patients
with oral GVHD, periodic evaluation is
required, similar to other OPMD. (70)
Despite the accumulation of much
knowledge in recent decades about early
diagnosis and treatment of OSCC, patient
survival rates have not improved, with
overall survival at 5 years remaining around
50%. Late diagnosis, high relapse rate, local
invasiveness and high risk of lymph node
metastasis are among the reasons for the
unchanged mortality rate over the last
decade. The importance of early diagnosis
and treatment at T1 or T2 stages is also
known, with the percentage of relapse-free
cases increasing to 84.6%. Deciphering the
molecular mechanisms governing oral
cancer is absolutely necessary for
developing more effective diagnostic and
therapeutic strategies. (71)

Therefore, the precise identification and
characterization of certain molecular events
with a key role in the malignant
transformation of lesions with malignant
potential is still a major research objective.
PI3K/AKT/mTOR is considered one of the
main, but discrete, players in malignant
transformation. Consequently, it should be
regarded as an important target in the
studies focusing on the premalignant
potential of oral lesions. (72-74)

2. PIBK/AKT/mTOR signaling pathway
Extracellular signaling is a strategy for body
cells to interact and communicate with one
another. This mechanism results with the
production of elected molecules that will
link to particular receptors on the surface of
other cells. (75)

MTOR represents a mammalian target of
rapamycin. This is a serine-threonine kinase
that influences metabolism. (72) AKT,
known as protein kinase B, is an
evolutionarily conserved serine/ threonine
kinase. In humans AKT has three isoforms,
named AKT1, AKT2, AKT3. (73,76-79)
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A cytokine molecule binding to a specific
membrane receptor can induce
phosphoinositide 3-kinase (PI3K)
activation. PI3K is composed of two
subunits, p85 and pl110. pl110 subunit
enzymatic  function activation, after
cytokine receptor — PI3K interaction,
triggers PIP2 phosphorylation to PIP3 in the
membrane. (26,80-85) PIP2
phosphorylation to PIP3 represents a
molecular event that triggers AKT
recruitment to the membrane. PIP3
generation at the plasma membrane is
controlled by the balance between PI3K
activity and PTEN (phosphatase and tensin
homolog), responsible for PIP3
dephosphorylation. (26,81-86) In this way
PTEN inhibits AKT recruitment within the
PISBK/AKT/mTOR  signaling  cascade.
Activated AKT is involved in the
downstream  regulation  cascade  of
MTORC1 and mTORC2 complexes,
inducing in turn specific genes transcription
and translation  machinery  proteins
activation, in order to sustain cell growth
and cell survival. (26,80-86) (Figure 1)
Insert Figure 1.

..........
Hormones

Figure 1. The AKT/mTOR signaling
pathways and its role in various processes.

RTKs: a family of transmembrane proteins with
inherent phosphotyrosine kinase activity which
remain inactive in the plasma membrane until
activated by ligand; GPCR: G-protein-coupled
receptor; p85: a cytoplasmic domain through its
regulatory subunit of PI3K (phosphoinositide 3-
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kinase, also called phosphatidylinositol 3-
kinases); p110: catalytic subunit of PI3K; PIP1
and PIP3: PtdIns(3,4,5) P3,
phosphatidylinositol (3,4,5)-trisphosphate
synthetic peptides; PDK1: 3-phosphoinositide-
dependent protein Kkinase-1; AKT: Acute
transforming retrovirus from AKR thymoma;
TSC1/2: several genes of the pathway; RHEB:
less understood complex; S2448: Phospho-
MTOR; mTORC1: mammalian target of
rapamycin complex 1; P70S6K: S6K, p70
ribosomal S6 kinase; 4EBP1: a multifactor
regulated multifunctional protein; EIF4E:
eukaryotic translation initiation factor 4E;
MDMZ2: an E3 ubiquitin ligase that triggers p53
degradation; Bcl2: Antagonist of cell death
protein; XIAP: X-linked inhibitor of apoptosis
protein; FOXO: transcription factors; p53:
cellular tumour antigen; Bim: Bcl-2-like protein
11, gene expression; mMTORC2: an acutely
rapamycin-insensitive protein complex formed
by serine/threonine kinase mTOR that regulates
cell proliferation and survival, cell migration
and cytoskeletal remodeling.

AKT, as a central member of the
PISK/AKT/mTOR axis, plays key roles in
controlling ~ vital  cellular  signaling
pathways, involved in metabolism and
autophagy regulation and apoptosis
suppression. AKT has also been assigned an
important part in oncogenesis and
angiogenesis. (87-89)

3. PIBK/AKT/mTOR signaling cascade
and malignant transformation

It has been highlighted the involvement of
the PIBK/AKT/mTOR signaling pathway in
the molecular landscape of various human
diseases, such as diabetes mellitus,
cardiovascular disorders and neurological
disorders. (73,74,90) Moreover,
PISBK/AKT/mTOR cascade is regarded as
one of the most deeply implicated signaling
pathways in human cancer, including
OSCC. (73) The important role played by
this signaling pathway in oncogenesis and
cancer evolution, oriented the researchers’
attention toward studies of AKT and the
PISBK/AKT/mTOR axis in the context of
malignant  transformation  of  oral
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precancerous lesions. It must be
emphasized the fact that many targeted
therapies and chemotherapies in cancer are
oriented towards controlling
PIBK/AKT/mTOR  signaling  pathway,
highlighting the main role played by AKT
activation. (91) Miricescu et al. highlighted
the important role played by an aberrant
PIBK/AKT/mTOR cascade in oncogenesis
and cancer evolution. (26) An upregulated
level of expression of PISK/AKT/mTOR
axis key proteins has been reported in oral
epithelial dysplasia. (92,93) Massarelli et
al. showed that PI3K/AKT/mMTOR
signaling is directly involved in the
progression of oral cancer and possibly in
malignant  transformation. A study
conducted by Andrikopoulou et al. reported
aberrant activation levels of AKT/mTOR
signaling pathway in sguamous
intraepithelial lesions. The researchers
tracked the expression of phosphorylated
and activated versions of AKT in biopsy
samples  from  cervical  squamous
intraepithelial  lesions.  Andrikopoulou
results outlined the conclusion that the
PISBK/AKT/mTOR  signaling  pathway
played key roles in cervical cancer
progression. Similar experiments should be
conducted on biopsy samples collected
from oral lesions with premalignant
potential, in different stages of clinical
evolution.

Many studies highlighted a tight molecular
link between chronic inflammation and the
PIBK/AKT/mTOR cascade. Sonis et al.
results revealed abnormal levels of
PISBK/AKT/mTOR pathway activity in OLP
lesions. This study suggested the existence
of a mechanism linking the activity of the
signaling pathway in the context of
chronical inflammation, and the
promalignant potential of OLP lesions.
Harsha et al. study highlighted aberrant
activities of PI3K/AKT/mTOR signaling
pathway in OSCC context. Gutkind et al.
study revealed that in OSCC, metformin
downregulated PISK/AKT/mTOR  axis
activity, induced AMPK activation,
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triggering the downregulation of the
proliferative capacity of premalignant cells
and encouraging their commitment to
terminal differentiation. Gutkind et al.
results led to the conclusion that metformin
long treatment with metformin may trigger
increased positive clinical response rates,
because oral premalignant lesions needed
time for the progressive remodeling
process, despite the observation that the
downregulation of cell proliferation and
histological changes might have occurred
more rapidly. According to Zhang et al., the
AKT/mTOR-autophagy relationship plays
an important role in the local T cell-
mediated immunoregulatory mechanism in
OLP. The study results revealed how LC3B
expression level might be a useful marker
illustrating the progression direction of a
premalignant lesions. (94) Ma et al.
described how the aberrant IGF1-
PIBK/AKT/MTOR signaling pathway may
play ~a negative role in the
immunoregulatory mechanism of OLP. (98)
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