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Abstract

Head and neck cancers are malignancies that arise in pharynx, larynx, paranasal sinuses,
nasal cavity and oral cavity (1). Oral cancers account for 40% of head and neck cancers
and consist of malignancies arising from buccal mucosa, gingiva, floor of the mouth,
tongue, palate, and lip (1, 2). The most common histological variant of oral cancer is oral
squamous cell carcinoma (OSCC). The global incidence rate of OSCC is high particularly in
the developing countries (3). It is growing at an alarming rate, indicating the need for
more efficient methods for prevention, early detection and management. Despite the
easier access and clear visibility of the oral cavity, OSCCs are usually diagnosed at
advanced stage. In addition, the metastatic spread would also affect the 5-year survival
and most of the times recurrence and metastasis is seen in the first two years after initial
diagnosis (4). Patients who survive more than 5 years have high risk for recurrence, loco-

regional metastasis to lymph nodes and often have a compromised quality of life.

Though there is advancement in diagnostic and treatment strategies, no reliable and
established methods are currently available to stratify the OSCC patients and to predict
prognosis. From few decades, tumor-node-metastasis (TNM) staging and
histopathological grading systems were the standard tools used to predict prognosis and
to guide the selection of appropriate treatment methods. More recently, depth of
invasion (DOI) and extranodal extension (ENE) parameters were included in the latest
edition of TNM staging. Despite their inclusion, they still do not provide a robust
stratification of OSCC patients. There were also proposal to use a few other grading
systems (various pathological parameters), such as tumor budding, pattern of invasion
and perineural invasion as a prognostic parameters for OSCC, but they were shown to be

indecisive and disputable (5-7).

Ribosomal protein S6 is a key downstream molecule of mechanistic/mammalian target
of rapamycin (mTOR) pathway in OSCCs. Despite the fact that phosphorylation of S6 (pS6)
is one of the end-point indicators of the activation of mTOR pathway, the major
oncogenic (mitogenic) pathway in OSCC, there is a paucity of studies done on its
prognostic significance in OSCC. Therefore, using immunohistochemistry (IHC), the
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current study aimed to examine the expression profile and prognostic significance of pS6
(at 235 and 236 serine sites) protein in OSCC. Cytoplasmic expression of pS6 at
Ser235/236 was detected in 80.2% of the OSCC cases at tumor center (TC) and in 66.3%
of samples at the tumor invading front (TIF) region. The higher expression of expression
of pS6 at TIF correlated with the worst pattern of invasion (p=0.012). Additionally, higher
expression of pS6 at TIF was marginally associated with reduced overall- and recurrence
free-survival probabilities for OSCC patients. In conclusion, our study corroborates
previous findings indicating that activation of the mTOR signaling is a common event in
OSCC. Correlation between high pS6 expression at TIF with the worst pattern of invasion
and reduced probabilities for overall and recurrence free survival indicate that activation
of mMTORC1 arm of mTOR pathway might contribute to an aggressive tumor phenotype.
In future, validation of these findings using a large cohort of patients might be useful in

prognostication and guiding therapy for OSCC patients.
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1. Background

1.1. Histology of normal oral mucosa

The normal oral mucosa is made up of an outer stratified squamous epithelium (SSE)
separated from its underlying connective tissue by a basement membrane (Fig. 1). The mucosa
of oral cavity can be divided into three main types: masticatory, specialized and lining. The
first two types are keratinized while the lining mucosa is non-keratinized (8). The non-
keratinized mucosa lacks the process of keratinization and the lining membrane is more elastic

in nature (9).

The stratified squamous oral epithelium consists of different cell layers (Fig. 2):
- Stratum Basale
- Stratum Spinosum
- Stratum Granulosum (only in the keratinized mucosa)
- Stratum Corneum (in the keratinized mucosa)/Superficial layer (in the non-keratinized

mucosa)

In both the types of mucosa, the most superficial layers are regularly shed by losing its cellular
content, contributing to the protective function of oral mucosa. The cycle of superficial
shedding is balanced by the regeneration at the basal and para-basal cells, and the balance of

the two is crucial to maintain the integrity of SSE (9).



Stratified Superficial cell layer
squamous
epithelium
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= Prickle cell layer
Submucosal layer
Basal cell layer

Figure 1: (A) Pictorial representation of different layers of oral mucosa; (B) Hematoxylin and
Eosin stained normal human oral mucosa; and (C) Layers in stratified squamous epithelium.

Source: Adapted from (10, 11).

Keratinized
surface
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Granular 4 <
intermediate

Basal
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Figure 2: Structural features of oral epithelial cells in consecutive layers. (A) Ortho-keratinized

oral epithelium; and (B) Non-keratinized oral epithelium. Source: Adapted from (11).

Oral epithelium has finger like projections called rete ridges that protrude into the lamina

propria and form inter-lockings that provide more surface area so that the epithelium can
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withstand the masticatory forces without being displaced (8). The cells in the basal layer are
attached to the basement membrane by their membrane structures called hemi-desmosomes
and are responsible in maintaining the homeostasis of cell proliferation. The entire mitotic
activity takes place in the basal and para-basal cell layers, and the cell division is tightly
regulated. Few basal cells remain as stem cells that can further respond to stimulus, while few
others start dividing into daughter cells. The ones which are committed to differentiate are
called transient amplifying cells and through further differentiation and maturation they
become adult squamous cells and start moving in upward direction to the more superficial

cell layers becoming flatter and finally shed on the surface (5, 8, 12-14).

The underlying connective tissue consists of lamina propria and submucosal layer (Fig. 1).
Fibroblasts are the predominant cell type found in the connective tissue. In addition, there are
some inflammatory cells, blood and lymph vessels, nerves, structural fibers and minor salivary
glands in the connective tissue. In the submucosal layer, the connective tissue is loosely
arranged and it consists of muscles, adipose tissue and bone depending on the location within

the oral cavity (15).

1.2. Epidemiology of OSCC

Head and neck cancers encompass malignancies that arise in the oral cavity, nasal cavity, para
nasal sinuses, pharynx and larynx. Oral cancers represent 40% of all head and neck cancers
and consist of the malignancies arising in the lip, tongue, floor of the mouth, gingiva, palate
and buccal mucosa (1, 2). The most frequent neoplasms arising from the oral epithelium are
OSCCs, representing more than 90% of all oral cancers. When oral cancers are combined with
the oropharynx cancers, these two together constitute the 8" most common cancer type with
estimation of 447,571 new cases and approximately 228,389 deaths every year (16-18).
Nevertheless, OSCC is the third most common cancer type in the developing countries (for
example, South and Southeast Asian countries: Pakistan, India, Sri Lanka, Taiwan; African
countries: Sudan, etc) (19). Incidence rate is rapidly increasing in low income countries and
about 66% of the OSCC cases reported annually occur in the developing countries. More than
half of those cases are from India (20, 21). In Europe, 98% of diagnosed patients are over the

age of 40 years (2, 19, 22, 23) (Fig. 3).
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Incidence of oral cavity cancer
Age-standardized rate (ASR) per 100 000 world standard population
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Figure 3: Schematic representation showing the incidence of oral cavity cancer expressed by
age-standardized rate among men in different countries in the world. Source: Adapted from

(24).

1.3. Etiology/risk factors associated with OSCC

The etiology of OSCC is considered to be multifactorial. Several etiological factors namely the
use of tobacco (smoked and smokeless) and alcohol, dietary deficiencies or imbalances
(micronutrient deficiency), persistent chronic inflammation, poor oral hygiene, bacterial
infection, ultraviolent sun rays (lip cancer), genetic predisposition, etc have been linked with
the development of OSCCs (25-27). The wide geographical variations in the incidence of OSCCs
have been linked with the country specific risk factors, for instance: betel quid chewing and
use of smokeless tobacco (ST) are common in South and Southeast Asian countries (28) and

toombak in the Sudan (29).

Along with commercially produced cigarettes, the use of home-made cigarettes (such as Bidi:
a low grade tobacco rolled into the leaf of Tendu - Fig. 4A and 4B) are popular in countries like

India. In addition, ST products such as Gutkha/Paan-masala (products consisting of areca-nuts,
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tobacco, slaked lime, catechu and spices) are common in Indian subcontinent (Fig. 4C) (30,
31). In South East Asian countries, the use of ST especially the betel quid chewing (ingredients:
betel leaf, areca-nut, slaked lime, may or may not contain tobacco, and other flavoring agents
like sweeteners depending on local preferences) (32) (Fig. 4D) along with the habit of alcohol

drinking is associated with 75% of OSCC cases reported (33).

<%
% GUTKHA V

INGREDIENTS: BETELNUTS, CATECHU, TOBACCO. LIME,

ONTAINS ADDED FLAVOUR

RS. C
PERMITTED SPICES & FLAVOU OUS TO HEALTH

3 Statutory Waming: CHEWING OF TOBACCO IS INJURI

KOTHARI PRODUCTS LIMITED
KANPUR - 208001 (IN
MAX RETAIL PRICE Rs. 4.00 (INCLUSIVE OF ALL TAXES)

e ~—

Figure 4: lllustration of transcultural tobacco products (A) Flakes of tobacco rolled into the leaf
of tendu at cottage industries/home produced; (B) Commercially available bidi, thin cigarettes
made of low grade tobacco; (C) Commercially available Gutkha/Paan-masala is a popular form
of ST used in Indian sub-continent; and (D) Betel quid with or without tobacco products, most
commonly used by rural women as a household practice and it is also popularly used in urban

settings during celebrations. Source: Adapted from (34, 35).

Interestingly, the use of the smokeless form of tobacco is also common in developed

countries, such as USA, Sweden and Norway. However, the carcinogenic substances (tobacco-
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specific-nitrosamines (TSNA) in the Swedish snus and the other smokeless forms of tobacco

used by Americans have been reported to be much lower (36). Although the use of Swedish

snus is related to the development of white lesions in oral mucosa, it’s carcinogenic role in

OSCC is debated (37).

1.4. Pathogenesis of OSCC

Cancer is suggested to develop due to mutations of key genes involved in cell proliferation

and survival. Accumulation of such mutations leads to uncontrolled cellular growth,

proliferation, invasion and metastasis (38, 39). Hundreds of genetic alterations have been

identified by integrative genomic characterization of OSCC (40-42). However, most of these

alterations fell within four major driver biologic processes (Fig. 5):

(i)

(i)

(iii)

(iv)

Mitogenic signaling (63%), with particular emphasis on aberrant activation of the
phosphoinositide-3-kinase (PI13K)/mTOR pathway (including 11% with mutations
of PIK3CA, encoding the catalytic subunit of PI3Ka).

Defective cell differentiation (including 9% with NOTCH1 gene mutations and 66%
with predicted NOTCH signaling pathway alterations).

Nearly universal (94%) cell-cycle deregulation due to inactivation of the CDKN2A
(p16INK4A) tumor suppressor gene by copy number loss or promoter methylation,
together with CCND1 (CYCLIN D1) amplification.

Genomic instability caused by loss of TP53 and other candidate genes, such as
those involved in DNA damage recognition and repair. This study also identified
two additional key genes likely affecting cell-cell communication and cell death:
FAT1 (30%) and CASP8 (10%), respectively. In a pathway-specific effort, Lui and
colleagues (43) studied targetable mitogenic signaling routes genomically altered
in head and neck cancers including the MAPK, JAK/STAT, and PI3K pathways.
Among these, the PI3K pathway harbored the highest percentage of mutations
(30.5%), whereas the MAPK and JAK/STAT pathways were mutated in less than
10% of the cases, further emphasizing that PI3K is the most altered mitogenic
signaling pathway in head and neck cancer. PIK3CA was the most commonly
mutated gene in the pathway (12.6%), and mutations in PI3K genes were the only

identifiable oncogenes in 20% of the Human Papilloma Virus (HPV) positive
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tumors, suggesting that PI3K fuels the growth of these HPV associated head and
neck cancers. However, the emerging picture is that PIK3CA mutations are not the
only genetic alterations resulting in the persistent activation of PI3K and its
downstream targets, including AKT and mTOR, in head and neck squamous cell
carcinomas (HNSCC). Indeed, the AKT/mTOR pathway may represent the most
frequently activated signaling route in both HPV-ve and HPV+ve HNSCCs [>80% of
HNSCC cases(44)] (45, 46), suggesting that multiple genetic and epigenetic changes
may act in concert with PIK3CA mutations in order to activate the pathways

causing malignancies (Fig. 5).

2 | Differentiation
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Figure 5: The head and neck cancer oncogenome. Alterations found in each key gene are
shown. Copy loss refers to homozygous and heterozygous gene deletion. Data were extracted
from the publicly available Cancer Genome Atlas consortium (http://cancergenome.nih.gov/)
HNSCC provisional dataset containing CNA, mutational, and gene expression data from 295

HNSCC samples. Source: Adapted from (47).
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mTOR, a key molecule in the PI3K/AKT/mTOR pathway, is a protein kinase involved in multiple
cellular functions related to normal development and carcinogenesis. mTOR is a key
component of two protein complexes, mTOR complex 1 and 2 (mTORC1 and mTORC2). The
mechanism of action of this pathway is still evolving. There are many upstream regulators
stimulating both mTORC1 and mTORC2 directly and indirectly (Fig. 6A). Important
downstream signaling molecules of mMTORC1 are involved in protein synthesis, lipid synthesis,
autophagy and energy metabolism (48). Whereas downstream targets of mTORC2 are
responsible for cell survival/metabolism and cytoskeletal organization. mTORC1 directly
phosphorylates 4E(elF4E) binding protein and further initiates cap-dependent protein
translation (49). The S6 protein chosen for this study is one of the downstream targets of

mMTORC1 that is mainly involved in translation and protein synthesis.

O Positive regulators of mTORC1 O Negative regulators of mTORC1
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Figure 6: mTOR signaling network (A) Upstream of mTORC1 and mTORC2, positive regulators
of mTORC1 signaling are shown in yellow, while negative regulators are shown in blue whereas
mMTORC1 and mTORC2 are shown in green and red, respectively; and (B) lllustration showing

the downstream components of mTORC1. Source Adapted from (50, 51).

During the mitogenic stimulus, the C-terminal of serine residues of S6 gets phosphorylated at
the sites Ser-235, Ser-236, Ser-240, Ser-244, and Ser-247 (Fig. 7) by the p70 S6 kinases and
p90 ribosomal S6 kinases. The modification in these sites initiates the cap-binding protein
(mRNA translation) activity (52, 53). Although S6K is the predominant kinase responsible for
the phosphorylation of Ser235 and Ser236 sites in S6, mTOR independent
molecules/pathways such as oncogenic Ras, phorbol esters and serum growth factors can also
phosphorylate S6 (48, 54). S6K mediated phosphorylation of S6 leads to increased mRNA
biogenesis, translation and protein synthesis (Fig. 6B). Protein synthesis is crucial process
during the cell division and cell proliferation. Aberrant activation of S6 can fuel the
uncontrolled cell proliferation, thereby promoting tumor growth. In parallel with this
suggestion, high expression of S6 has been reported in various other human cancers including
HNSCC (45, 55, 56). In addition, experiments in mice have indicated that lack of S6 protein

could lead to the reduced cell proliferation, cell growth and protein turnover (57).
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Figure 7: The picture depicts the serine residual sites in S6 protein that can be phosphorylated

by upstream signaling. Source: Adapted from (53).

1.5. Management and prognosis of OSCC

On clinical examination, oral cavity is directly visible. Despite of its direct visibility, most of the
OSCC cases are diagnosed at advanced stages in most countries, including Norway (58). During
the early stages, OSCC mainly presents as white/red lesions, ulcers or painless exophytic mass.
However, during late stages, OSCC can lead to problems in swallowing and speech (59, 60).
OSCC is a highly invasive malignant tumor and often metastasizes to cervical lymph nodes
leading to reduced patient survival. In spite of the recent improvements in diagnostic aids and
treatment methods, the survival of OSCC patients has not improved significantly and
approximately 62% (61) of OSCC patients survive the span of 5 years from the time of diagnosis

(62).

The conventional method of managing and evaluating the prognosis of OSCC are based on

clinical examination and TNM classification system (Fig. 8).
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T: Primary tumor size

Tl Size <20 mm and DOI < 5 mm

12 Size < 20 mm and DOI 5-10 mm or size 2-4 cm and DOI < 10 mm

13 Size > 40 mm or DOI >10 mm

T4a Tumor invades through cortical bone, into deep/extrinsic muscles of the
tongue, maxillary sinus, or skin of face

T4b Tumor invades masticator space, pterygoid plates, or skull base, or encases
mternal carotid artery

N: Regional lymph nodes

NI Single ipsilateral LN, <30 mm, no ENE

N2a Single ipsilateral LN, 30-60 mm, no ENE or < 3mm, with clinical ENE

N2b Multiple ipsilateral LNs, < 60 mm, no ENE

N2c Bilateral or contralateral LNs, < 60 mm, no ENE

N3a Any LN > 60 mm, no ENE

N3b Any LN with clinical or pathological ENE

M: Distant metastasis

MO No distant metastasis

MI Distant metastasis

Stage-I Tl NO MO

Stage-1I T2 NO MO

Stage-1II T1/T2 N1 MO
T3 NO/N1 MO

Stage-1V T4 Any N MO
Any T N2/N3 MO
Any T Any N Ml

DOI - Depth of invasion; LN — Lymph node; ENE — Extranodal extension

Figure 8: TNM classification and clinical staging guidelines for carcinomas of oral cavity

(Eighth edition). Source: Modified from (63).

The TNM classification was introduced in 1987 by the Union for International Cancer Control
(UICC) and the American Joint Committee on Cancer (AJCC) (64). This classification gives an
information about the size of the primary tumor, involvement of local or regional lymph nodes
and if it has been metastasized to distant sites. TNM classification has been widely used in
deciding the treatment option and evaluating the prognosis of OSCC. According to this system
of classification, OSCC can be considered as either early stage without involvement of regional
lymph nodes and metastasis or late stage with the involvement of lymph nodes and with or
without metastasis to distant site. Ideally, patients diagnosed at very early stages should have

better prognosis. However, unfortunately, 35% of the OSCC patients diagnosed and treated

at early stages have been shown to have a poor prognosis (65).
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Biopsy is considered to be the gold standard in diagnosis. Histopathological features such as
differentiation, tumor depth and tumor budding, together with TNM staging, are valuable in
predicting prognosis. However, evaluation of histopathological features alone has been
reported not to be sufficient to provide information on the biological behavior and complexity

of the OSCC (65-68).

The main treatment option for OSCC is surgical resection. Radical surgical resection of the oro-
facial structures (jaws, tongue) affects esthetics and function (mastication, speech, etc),
thereby severely compromising the overall quality of life. However, if the tumor is in advanced
stage, surgery can be combined with either radiotherapy, chemotherapy or both. More
targeted therapies combined with chemotherapy or radiotherapy were expected to yield
superior results, but, most likely because of the heterogeneity of the OSCC, such treatments
are not successful due to development of drug resistance (69-72). Hence, there is a great need
for development of more precise and targeted therapy for treating the patients. Also
investigating the OSCC cases at the very molecular, genetic and epigenetic level and
understanding the mechanism will help to understand the tumor biology better and that
would eventually aid in planning a more effective treatment design (41, 42, 73). Such
information would also be valuable to identify molecular biomarkers which can be used not
only to predict disease prognosis, but also to stratify patients into subgroups so that

appropriate treatment and follow up can be implemented.

1.6. Histopathological prognostic indicators of OSCC

From decades, histopathological evaluation of OSCC has been used for diagnosis and
prognosis of disease. Although a number of histopathological features of the tumor has been

suggested, their routine use for OSCC prognosis is disputable.

Some of the most commonly suggested and used histopathological features with prognostic
values are:
- Depth of invasion:
It is the distance from the surface of the tumor to its most invading point. There is an

association between the depth of invasion and OSCC prognosis. Patients with deeply
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invaded tumors along with lymph node metastasis have been shown to have a poor
prognosis (74). In the recent TNM staging (8™ edition) this parameter has been

included.

- Extranodal extension:
The spread of cancer cells out of the capsule of involved lymph node is called
extranodal extension. Extranodal extension is associated with poor prognosis in OSCC
(75). It has been included in the recent edition of TNM staging as one of the potential

parameters.

- Pattern of invasion:
OSCC cells at the invasive front region have been suggested to undergo epithelial
mesenchymal like transition, thereby promoting cellular motility and invasion (76).
Based on the pattern of invasion at the invading front area, OSCC can be categorized
into cases where cancer cells form small group of cells or islands, or cases with cancer
cells in bigger cluster/groups or with pushing borders (77). The presence of a degree
of tumor budding, defined as “a single cancer cell or a cluster of <5 tumor cells present
in the stroma at the invasive tumor front” were also shown to be associated with poor

prognosis in OSCC (78).

1.7. Cancer biomarkers

Off late, there is a shift in the trend of health care from ‘one size fits all’ approach to a more
personalized care. Nevertheless, the success of these efforts will hugely depend on availability
of biomarkers able to stratify the patients. In general, biomarkers are biological
molecules/parameters (such as DNA, mRNA or proteins, etc) that can be measured objectively
and can be used as indicators to differentiate between normal and abnormal biological
processes (diagnostic biomarkers) and to predict the course of a disease (prognostic
biomarker) or the response to a treatment (predictive biomarker). Biomarkers can aid in
detection and determine the disease onset, progression, interventions, treatment outcomes,
prognosis, and stratification (79). To be applicable in the clinical setting, it is important for the

biomarkers to possess high predictive accuracy, should be easily measurable and
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reproducible, minimally invasive and easily accepted by both patients and physicians (80).
Among these categories, protein biomarkers are very well known for their analytical
instrumentation which in-turn helps in identification of the content and amount of protein

distributed in the complex biological samples (80).
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2. Justification and aims of the study

OSCC is growing rapidly at the frightening rate. The routine diagnostic methods are
inadequate to reflect and predict the precise molecular mechanism underlying OSCC. This
emphasizes the need for better understating of OSCC biology and altered signaling pathways.
Key protein molecules in the altered signaling pathways have been increasingly recognized to
provide earlier and more precise diagnosis, and to assign patients to the best-targeted

treatment modalities available for avoiding ineffective overtreatment.

2.1 Hypothesis

The expression pattern of pS6 (ser235/236) can be used to predict prognosis of OSCC patients.

2.2 Aim of the study

To examine the expression pattern of pS6 (ser235/236) using IHC and to examine the
correlation between its expression and clinicopathological parameters and survival of OSCC

patients.

2.3 Specific aims

1. To examine the expression of pS6 in formalin fixed paraffin embedded (FFPE)
specimens of OSCC using IHC and image analysis tool QuPath.
2. To examine correlation(s) between the expression pattern of pS6 and

clinicopathological parameters and survival of OSCC patients.

23



3. Materials and Methods

3.1 Ethical considerations

For this study, all OSCC specimens were retrospectively collected from the diagnostic archive
at the Department of Pathology, Haukeland University Hospital, Bergen, Norway. The current
project is a part of an established and ongoing project, and was approved by the Regional
Ethical Committee in West Norway (REK Vest 13.01.2016.685695 2010/481). Consent was

obtained from all of the patients used in the study.

3.2 Patient Cohort

The biopsy specimens from a total of 147 OSCC patients were used. Reporting
Recommendations for Tumor Marker Prognostic Studies (REMARK) criteria (81) was followed.
All the samples used were histopathologically confirmed cases of primary OSCC without prior
treatment. Samples included were from different regions of oral cavity (tongue, gingiva,
palate, floor of the mouth, buccal mucosa and lip). All samples were collected during the
period between 1998 and 2012. The clinicopathological data for this cohort were retrieved
from the Haukeland University Hospital Record System (DIPS) and from the Pathology Report
System (DOCULIVE). The corresponding FFPE blocks were obtained from the hospital archive.
Individually, the FFPE blocks were screened for HPV infection by using p16 (p16INK4a) as a
surrogate marker by performing IHC. Positive (samples with >70% p16 positive cells, both
cytoplasmic and nuclear) tested samples were excluded. In addition, all samples were closely
examined by an oral pathologist using their respective hematoxylin and eosin sections in order

to ensure they contained sufficient tumor cells/areas and stromal structure.
3.2.1 Inclusion criteria

- Patients with confirmed diagnosis of OSCC.

- Patients with >18 years.

- Patients who hadn’t received any chemotherapy or radiation therapy before surgery.
- Patients who consented to use their samples for research in case of alive patients.

- Patients for whom sufficient tissue material was available for analysis.
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3.2.2 Exclusion criteria

- Any missing clinical data to its relevant sample blocks or vice versa.
- Patients who refused to give the consent.

- Any p1l6 positive cases.

3.3 Study design

This was a retrospective cohort study of patients diagnosed with OSCC during the period 1998
to 2012. Expression of pS6 in FFPE specimens was analyzed in laboratory and the expression

pattern was examined for association with patient’s clinicopathological data and survival.

3.4 Statistical power calculation

As the availability of samples are predetermined, hence statistical power analysis is not
applicable to this particular study. However, based on our experience on similar studies and

literature, the current sample size should provide enough statistical power.

3.5 Choice of method

As the aim of the study was to examine the expression of pS6 in the cancerous cells, IHC
technique was chosen. IHC works on the principle of antigen antibody reaction and gives an
insight into the protein content and distribution (Fig. 9). Though it is one of the commonly
used histopathological methods, similar to other techniques, it possesses its own advantages
and disadvantages. To mention some of its merits, it preserves the tissue morphology and
provides sufficient information on the amount of protein content and distribution in the tissue
samples. This method is more comprehensive and affordable to be implemented in the
developing countries where OSCC is a significant issue. Following are some of the limitations
of IHC: it is a sensitive method, duplicability and precision of the outcomes varies on discrete
aspects from formalin fixation, handling, processing, antigen retrieval method, antibody
selection, duration of exposure during each step, visualization and quantification of the final

stained expression (82-85). Hence, optimization of the staining protocol with use of
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appropriate positive and negative controls is extremely important to establish a robust and
reproducible IHC protocol. Strictly adhering to the established IHC protocol and use of fresh

reagents are also important to minimize the staining variations across runs.

Amplification
DAB+H,0,
Brown color

M i \
<——— Secondary antboby ——

Polymer

Primary antibody

Antigen

INlustration of polymeric amplification system. DAB, diaminobenzidine;

HRP, horseradish peroxidase.

Figure 9: lllustration showing the principle of IHC. Source: adapted from (82).

3.6 The use of FFPE archival tissues

We have used 3-4 microns thick FFPE sections of OSCC samples for IHC. Type of the fixative
used and the duration of fixation of specimens can affect the outcome of IHC (86). A few
reports have stated that either under or over fixation will alter the results as it interferes in
the protein crosslinking (86-88). In addition to fixation, appropriate paraffin embedding step
is crucial to preserve the morphology of tissue. The samples used in the current study were
fixed in 10% neutral buffered formalin and embedded in paraffin following the standard

protocols at the Department of Pathology, Haukeland University Hospital.

3.7 Selection and validation of primary antibody

Based on literature search on the functional biomarkers related to the key pathways altered
in OSCC, pS6 is one of the key downstream protein and an end-point indicator of activated

status of mTORC1. The anti-pS6 (Ser235/236) antibody (Manufacturer: Cell Signaling
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Technology, Massachusetts, USA. Catalogue number: 4858S) detects the endogenous levels
of ribosomal protein S6 only when it is phosphorylated at Serine 235 and 236 sites. To
establish a reproducible IHC protocol for anti-pS6 (Ser235/236) antibody, IHC optimization
was done testing various antigen retrieval reagents, different antibody concentrations and
incubation times and temperatures; along with the use of appropriate positive and negative
controls. As the positive assay control, we used FFPE sections from human breast carcinoma,
tonsil, and oral cancer tissues with known positive expression. For negative assay control, we

used the same samples as for positive but incubated without primary antibody.

3.8 Specimen preparation

After shortlisting the FFPE tissue blocks, with the aid of manual microtome (Leica
Microsystems, UK) a series of thin sections ranged between 3-4um were prepared and
mounted on to the superfrost coated glass slides from the Thermo Scientific Superfrost Plus,
USA. All the slides were incubated at 56° C for 1-2 hours to melt the residual paraffin and later
it was stored in the slide box at 4° C until it was used for immunohistochemistry staining. All
this work was performed at the Gade Laboratory for Pathology, Department of Clinical

Medicine at University of Bergen.

3.9 IHC protocol

The sectioned samples were brought to Sapkota’s laboratory, Institute of Oral Biology,
University of Oslo. Reagents required for the IHC procedure were pre-ordered from Agilent-
Dako. Reagents from antigen retrieval to the secondary antibody all were from the
manufacturer Agilent Technologies, USA. The IHC staining was performed to detect the
antigen ribosomal protein S6 that are specifically phosphorylated at the site of 235 and 236.

As a positive control, oral cancer samples were used, which showed good expression.
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Detailed immunohistochemistry staining protocol for pS6 (Ser235/236)

After cutting sections, put them in incubator at 56 2C for 1-2 hours

Xylene In ventilation 2 x5 min

Ethanol Absolut 100% 2 x 3 min

Ethanol 96% 3 min

Ethanol 70% 3 min

Distilled water Rinse

Retrieval of the antigen |Ag. Ret. pH 6 citrate (S2369) from 25 min total
Agilent-Dako (Pressure cooker)

Cooling Let it be on the bench for cooling 15-20 min

Wash Slightly pouring tap water Until room temperature

Put sections in wash buffer, wipe around the tissue and draw around the tissue sections

with Agilent-Dako Pen

Inactivation of
peroxidase

Use peroxidase block from the
EnVision* kit from Agilent-Dako

5 min

Wash

TBST

10 min (shaking)

Block with goat serum

Normal goat serum by Agilent-Dako,
X0907 10 % in 3 % BSA

30 min

Primary antibody:

Diluted in antibody diluent (S0809)
from Agilent-Dako 1:100 (Room
temperature for 1 hour followed by
overnight incubation at 4°C, again
followed by room temperature for
additional 1 hour)

60 min — overnight — 60
min

Wash

TBST

10 min (shaking)

Secondary antibody

EnVision HRP Rabbit (K4003) from
Agilent-Dako

30 min

Wash

TBST

10 min (shaking)

Visualisation

Agilent-Dako DAB (K3468)
1 drop DAB+ 1 ml buffer

10 min (look at the slides)

Wash Distilled Water 5 min (shaking)
Counterstain Hematoxylin (S3301) from Agilent- 5 sec

Dako
Wash Running tap water 10 min
Mounting of sections Ethanol 70% 30 sec

Ethanol 96% 1 min

Ethanol 100% 1 min

Ethanol 100 % 1 min

Xylene 2 min

Xylene (new) 2 min

Mount sections with pertex
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3.9.1 Scanning of slides and digital quantification of IHC stained slides

All the slides were digitally scanned at 40x magnification using Aperio Scanscope CS Slide
Scanner (Aperio Technologies Inc., Vista, CA, USA). There are different methods to quantify
IHC staining: digitalized, semi-quantitative and quantitative. We opted for semi-quantitative
method as it is objective thereby reducing intra- and inter- observer bias, is less laborious, and
also suited best to work with our timeframes. We used QuPath opened-source software
(version 2.00.m5 for Windows) developed by the Center for Cancer Research and Cell Biology

at Queen’s University Belfast (89).

3.9.2 QuPath cell detection

QuPath’s cell detection command was applied to identify the cells with
cytoplasm/membranous staining. This command estimates the extent of each cell based upon
a constrained expansion of the nucleus region, and calculates morphology, including nucleus
area, circularity, staining intensity for hematoxylin and DAB, and nucleus/cell area ratio.
Before the image analysis, a detailed evaluation of protocol was prepared and calibration
between observers (DEC, DS and DT) was done. Thereafter, blinded for the clinicopathological

information, the IHC evaluation was done by DT.

Cytoplasmic expression of pS6 was evaluated both at the TIF and the corresponding TC. TIF
represents the interface between the most invasive epithelial tumor islands and the
underlying stromal tissue (10). Compared to the TC, the TIF is believed to contain the most
aggressive tumor cells and better reflects the biological behavior of tumors (90-94). Firstly, a
line of demarcation between the tumor and normal stromal structure was drawn as a guide
to select the regions of interest (ROI) at the TIF (Fig. 10). ROI consisting of 3-4 most outermost
layers of cancer cells at the invading island was marked using a brush tool with 150 pixels. At
least three random ROIs were marked at TIF areas at 18x magnification. In a similar way, four
random ROls, best representing in the central region, were selected. A minimum of 500 and
up to 1000 cells were selected from each slide for analysis. A total of 147 OSCC cases from
Bergen were initially included in the study. Among them, 15 cases with no visible tumor tissue

on Hematoxylin and Eosin slides were excluded. Of the remaining 132 samples, all were used
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for IHC bio-image analysis. Sections which were unquantifiable or completely destroyed after

the staining were excluded.
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Figure 10: Immunohistochemical analysis of pS6 (Ser235/236) protein in the OSCC tissue
specimens. (A) Red line (pointed by black arrows) indicates an area of demarcation between
the TIF and stroma drawn and serves as a guide for the annotation of TIF ROls. (B) and (C)
show the magnified images of area (a) and (b) respectively. (Scale bar used for (A) is 200um,

whereas for (B) and (C) is 50um).

3.10 Statistical Analysis

The statistical analysis was performed using Statistical Package for Social Sciences using
version 26 (SPSS Ver. 26, IBM, NY, USA). The distribution of the S6 expression data was found
to be non-normal (postively skewed with histogram). Therefore, Wilcoxon matched-pair (non-
parametric) test was used to examine the difference in the expression of pS6 in TC and
corresponding TIF. Further, OSCC specimens were divided into high and low expression groups
using the 66.6™ percentile of pS6 staining as a cut off value. OSCC cases were also categorized
based on other varialbes such as age, gender, history of habbits like smoking and alcohol,
histological degree of differentiation, worst pattern of invasion, tumor budding, depth of
invasion, recurrance and lymph node metastasis. Chi Square test was used to examine the
association between dichotomized clinicopathological varibales and the expression of pSé6.
Association beween expression status of pS6 in OSCC patients and 5-years-and the recurrance
free- survival was examined using Kaplan-Meier analysis (log-rank test). <0.05 p-value was

considered to be statistically significant.
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4. Results

4.1 Clinicopathological characteristics of the patient cohort

A total of 147 OSCC cases from Bergen were initially included in the study. Among them, 15
cases with no visible tumor tissue on hematoxylin and eosin slides were excluded. Of the
remaining 132 samples used for IHC analysis, (92, 69.7%) samples consisting of clear TIF were
used for cross-tabulation and survival analysis. Of them, pS6 expression data both at the TIF
and corresponding superficial/central areas/TC were available in 89 cases. The
clinicopathological characteristics of the patient cohort are summarized in Table 2. Briefly, the
mean age of the patients was 67.14 (range 27 - 93) years. (50, 54.9%) of the cases were males
(Fig. 11A). Number of cases (52, 56.5%) with late stage disease was higher as compared to the
cases (40, 43.5%) with early stage. Tongue was most commonly affected site (45, 49.5%).
Tumor spread to lymph nodes was seen in 34 (37%) of patients (Fig. 11B). Advanced worst
pattern of invasion was seen in 71 (89.9%) of the patients (Fig. 11C). Tumor recurrence was
seen in 40 (43.5%) of the cases. Majority (77, 83.7%) of the cases were histologically well
differentiated. At the time of diagnosis, tumor with >4mm depth of invasion was found in 34,
(37%) of the cases. In 39 (42.4%) of the cases, tumor budding with more than or equal to 5

tumor buds were noticed.
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Figure 11: (A) Pie chart representing gender distribution among the cohort; (B) Bar graph
depicting the lymph node metastasis among OSCC patients; and (C) Pie chart illustrating the

worst pattern of invasion among the OSCCs.
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Table 2: Cytoplasmic expression of pS6 and clinicopathological variables of the OSCC patients
from Bergen, Norway.

Scoring at TIF

Variables N % P

aAge (years)

<67 50 54.9 0.186
>67 41 45.1

®Smoking
No 24 33.8 0.678
Yes 47 66.2

bAlcohol use
No 32 60.4 0.874
Yes 21 39.6

Tumor site
Tongue 45 49.5 0.208
Gingiva and buccal mucosa 35 38.5
Floor of the mouth 7 7.7
Palate, lip and oro-pharynx 4 4.4

Tumor stage coded
Early (stage 1&2) 40 43.5 0.117
Late (stage 3&4) 52 56.5

Lymph node metastasis
No 58 63.0 0.114
Yes 34 37.0

Tumor budding scored

Low budding (< 5 buds) 40 43.5 0.265
High budding (> 5 buds) 39 42.4
Unquantifiable 13 14.1

bWorst pattern of invasion

Type 1-3 8 10.1 0.012
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Type 4 71 89.9

Depth of invasion coded

Superficial (< 4mm) 26 28.3 0.978
Deep (> 4mm) 34 37.0
Unquantifiable 32 34.8

Death end of 5 years

Dead 58 63.0 0.114
Alive 34 37.0

Recurrence
No 52 56.5 0.498
Yes 40 43.5

Histological degree of differentiation
Well 77 83.7 0.974
Moderate to poor 15 16.3

@0SCC patients are categorized based on their mean age.
bSome data on smoking, alcohol and worst pattern of invasion were not available for all the

OSCC cases in this cohort.
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4.2 Expression of pS6 in paratumor epithelium and normal
structures
Predominantly cytoplasmic expression of pS6 was noticed in the supra basal cells in the para

tumor epithelium (Fig. 12 A), In addition, S6 expression was found in some of the inflammatory

cells, skeletal muscle (Fig. 12B) and nerve bundles.

Figure 12: (A) Cytoplasmic expression of pS6 protein in the parabasal layers in paratumor
epithelium; and (B) pS6 expression was also noticed in skeletal muscles. (Scale bar used:

50um).
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4.3 Expression of pS6 in OSCC

The expression of pS6 was highly variable among the OSCCs (Fig. 13). Out of 132 cases included
for IHC, 8 samples were excluded while analyzing as either they were unquantifiable or
destroyed. In the 124 cases analyzed, pS6 was quantifiable at TC in 121 OSCCs, whereas at TIF
in 92 of cases. pS6 both at the TC and corresponding TIF was quantifiable in 89 cases. Out of
121 cases, pS6 expression was found positive in 97 (80.2%) cases at TC. Similarly, out of 92

cases, in 61 (66.3%) cases showed positive expression of pS6 at TIF.

Pair-wised comparison showed that the mean of the number of positive cells was significantly
higher (p=0.012) in tumor center (19.6%) as compared to the corresponding TIF (13.4%) (Fig.
14). It was interesting to note that in a subgroup of OSCC cases, the % of pS6 positive cells at
TIF was clearly higher as compared to that at corresponding TC (Fig. 14, marked by a black
box). As the tumor cells at the TIF are believed to be the most aggressive and biologically more
relevant cell types (90-94), pS6 expression only at the TIF will be considered in the subsequent

analysis.
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Figure 13: Immunohistochemical staining showing expression of pS6 protein in OSCC
specimens. Images showing high and no/weak expression of the pS6 at TIF region (A and B);

and at TC (C and D). (Scale bar used: 50um).
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Figure 14: Figure showing distribution of the % of pS6 positive cells at TIF and corresponding
TC. Wilcoxon matched-pair test was used for statistical analysis. The horizontal bars represent

means.

4.4 Association between the expression of pS6 and

clinicopathological variables of OSCC

Expression of pS6 at TIF was examined for association with clinicopathological variables. High
expression of pS6 at TIF was positively associated with the worst pattern of invasion (p=0.012).
Similarly, a positive association was also found with lymph node metastasis (p=0.114) and

tumor stage (p=0.117), but the results were not significant.

4.5 Association between pS6 expression and OSCC patient survival

Out of 92 cases, 58 (63%) were dead and 34 (37%) were censored within the 60 months of
follow up. Kaplan-Meyer analysis showed that the patients with higher expression of pS6
(median survival months of 6.1) at the TIF had a lower 5-years survival (Fig. 15) probability as
compared to the patients with lower pS6 expression (median survival months 16.2). However,

the results were not significant (Log Rank test, p=0.206). Similarly, patients with higher
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expression of pS6 at TIF showed a trend for a lower recurrence-free survival (Fig. 16)

probability as compared to the patients with lower pS6 expression (Log Rank, p=0.189).

10 = p=0.206
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Time in months after diagnosis with 0SCC

Figure 15: Kaplan Meier plot showing better 5-years overall survival probabilities for OSCCs
with lower pS6 expression at TIF as compared to that with cases with high pS6 expression.

66.6™" percentile of pS6 expression was used as a cut off.
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Figure 16: Kaplan Meier plot showing better recurrence free survival probabilities for OSCCs

with lower pS6 expression at TIF as compared to that with cases with high pS6 expression.

66.6" percentile of pS6 exression was used as a cut off.
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5. Discussion

From last few decades, there has been significant progress made in understanding and
identifying prognostic biomarkers for predicting the aggressiveness of OSCC. TNM staging,
which recently got upgraded with two more histopathological parameters: depth of invasion
and extranodal extension, is still widely used as the only prognostic tool. Nevertheless, it fails
to adequately explain the biological behavior of tumors and hence it is not possible to
categorize patients into molecular subtypes and plan the treatment accordingly. Therefore,
having a robust prognostic biomarker will aid in stratification of the OSCC patients based on
the biological behavior of the tumor, so that suitable treatment and /or follow up strategies
can be implemented. This will also allow the possibility for molecular targeted therapy along

with adjuvant radiotherapy and/or chemotherapy.

The mTOR signaling pathway is very crucial to several biological processes such as mRNA
biogenesis, initiation of translation process, protein turnover, cell proliferation and motility;
and it is related to a number of disease processes. Accordingly, activation of mTOR pathway
has been shown in several cancer types, including HNSCC (45, 55, 56). Being a complex
signaling network with a number of interconnected upstream and downstream molecules, it
is challenging to identify and precisely target the component(s) of mTOR pathway for cancer
management. In this context, protein molecules such as S6, representing one of the end-point
markers of mTOR activation can be a relevant option. The phosphorylation sites of S6 at
Ser235/236 and Ser240/244 have been shown to be important downstream effectors of
mTOR activity. Phosphorylation of S6 at Ser235/236 and Ser240/244 has been reported as
markers of response to treatment with the PI3K inhibitor BYL719 in various human cancers
(95-97) and also as predictive markers for targeted mTOR therapies in numerous other cancers

(98-100).

A number of previous studies have suggested a link between pS6 and OSCC pathogenesis. In
a study by Chakraborty et al, high levels of pS6 were observed in cell lines from patients with
HNSCC (101). In another study by Chaisuparat et al, the IHC expression of pS6 (Ser240/244)
was reported in 50% of cases in normal oral mucosa, in 100% of cases of oral epithelial

dysplasia and in 88.67% of OSCC cases (102). Similarly, Martins et al reported expression of
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pS6 (Ser240/244) and several other components of AKT/mTOR pathway in 52.9% in non-
dysplastic oral tissue, 70.8% of cases in oral epithelial dysplasia and 77.4% of cases in OSCC
(103). de Vicente et al showed that expression of pS6 (Ser235/236) and pS6 (Ser240/244) was
found in 83% and 88% of OSCCs, respectively (104). These findings indicate that activation of
pS6 is an early and common event in HNSCC/OSCC pathogenesis. In agreement with the above
studies, pS6 expression was found in 66.3% of OSCC cases at TIF and 80.2 % of cases at TC. The
mean percentage of pS6 positive tumor cells at TIF was found to be lower than that of the
corresponding TC of OSCCs (Fig. 14). Given the more aggressive phenotype of tumor cells at
TIF as compared to TC, the above observation was unexpected. However, interestingly, in a
subset of OSCC cases, the number of pS6 positive cells was higher than the corresponding TC
(Fig. 14). Such OSCC subsets were not analyzed against cases with opposite pS6 expression

pattern in the current study and warrants future studies.

We found a significant positive association between the expression of pS6 (Ser235/236) and
the worst pattern of invasion in OSCC. Similarly, trends for positive association were found
between the expression of pS6 and lymph node metastasis and tumor stage. These
observations indicate that pS6 positive cells at the TIF might have a more invasive/aggressive
phenotype. Indeed, previous studies have functionally linked pS6 with aggressive tumor
phenotype such as cell proliferation, cell motility and invasion in esophageal squamous cell
carcinoma (105). In line with these suggestions, higher pS6 expression at TIF was associated
with lower overall and recurrence free survival probabilities in the current study.
Nevertheless, those results were not statistically significant and analysis of a larger number of

OSCC cases is necessary to substantiate them.

Similar to our findings, a previous studies has reported that expression of pS6 was correlated
with poor prognosis in nasopharyngeal carcinoma (106) and in renal cell carcinoma (107). In
contrast, positive expression of pS6 was associated with better survival in OSCCs (104) and
laryngeal carcinomas (108) although the results were not statistically significant. de Vicente
et al showed that a higher expression of pS6 correlated with smaller tumors and absence of
node involvement. Moreover, they reported an inverse association between the expression
of pS6 and disease specific survival of OSCC patients (104) . One of the explanations for the

differences in the results between theirs and our studies could be related to the area of tumor
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tissue analyzed. In the current study, whole FFPE sections were used, and pS6 at TIF was used
for analysis, whereas the region of evaluation is difficult to ascertain in their study as the

authors used tissue microarrays for IHC.

The current study focused on the activation of one of the arms (mTORC1) of mTOR pathway.
Although activation status of S6 can be considered as an indicator of mMTORC1 activation, it
does not provide the information on the activation status of the other arm of mTOR, the
MTORC2. Hence, future studies including IHC for phosphor-AKT desirable so that OSCC
patients can be stratified based on the activation status of mTOR pathway. Such information

will be valuable not only to predict the prognosis but also for guiding the treatment.
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6. Conclusion

In conclusion, our study corroborates previous findings indicating that activation of the mTOR
signaling is a common event in OSCC. Correlation between the high pS6 expression at TIF with
the worst pattern of invasion and reduced probabilities for overall and recurrence free survival
indicate that activation of mTORC1 arm of mTOR pathway might contribute to aggressive
tumor phenotype. In future, validation of these results using a large cohort of patients might

be useful in prognostication and guiding therapy for OSCC patients.
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7. Limitations

Some limitations of this study need to be acknowledged. The nature of this study was
retrospective and therefore only limited conclusions can be drawn. The current study has
examined the activation status of only mTORC1 arm and therefore it will not be possible to
identify OSCC cases with activation of mTORC2 arm of mTOR pathway. The confounding
effects of other clinicopathological variables (such as stage, age, etc) for survival has not been
examined in the current study as none of the examined variables with Kaplan-Meyer/Log-rank
result in statistically significant results thereby precluding the establishment of Multivariate

cox model.

8. Future perspectives

1. Longitudinal studies with more samples.

2. Functional studies using in vitro and in vivo models
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