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ABSTRACT

Oral squamous cell carcinoma (OSCC) is one of the most common cancer in the head and neck
and results in high morbidity and mortality annually, being the worst prognosis related to the
presence of metastasis in cervical lymph nodes. Metastasis has been associated with a
subpopulation of tumor cells, called cancer stem cells (CSCs), which consists of a small
population with stem-like cells properties, higher rate of migration and metastatic potential
compared to other ordinary tumor cells from the tumor bulk. The aim of present study was to
evaluate the immunoexpression of the CSC markers ALDHI and CD44 in primary sites of
OSCC and corresponding metastatic lymph nodes, by means of immunohistochemistry. The
immunolabeling was further correlated with clinicopathological data. Archived Formalin-fixed,
Paraffin-embedded tumor tissue specimens (n=50) and corresponding metastatic lymph nodes
(n=25) were obtained from 50 patients with OSCC after surgical treatment. CD44 and ALDH1
immunostaining were semi-quantitatively scored according to the proportion and intensity of
positive cells within the invasive front and metastatic cervical lymph nodes as a whole. The
percentage of ALDH1 and CD44 positive tumor cells as well as immunostaining intensity was
graded and a combined score, ranging from 0 to 9 (ALDHI) or 0 to 12 (CD44), was obtained
by multiplying both parameters. Next, combined scores were dichotomized into a final score
classified as low (ALDHI1< 2; CD44< 4) or high (ALDHI1> 2; CD44> 4) immunoexpression.
ALDHI1 and CD44 immunoexpression was detected in both primary and metastatic tumor sites,
although with different immunolabeling pattern. ALDH1-positive tumor cells consisted of
scattered patches and no immunoexpression was observed within keratin pearls. Conversely,
CD44 immunopositivity was more homogeneous and widely distributed, with higher labeling
in peripheral areas of the tumor islands within the tumor invasion front. Although not
statistically significant, the means of ALDH1"&" (p=0.0985) and CD44"¢" (p=0.1632; Mann-
Whitney post-test) immunoexpression were higher in metastatic lymph nodes compared to
primary tumors. ALDH 18" was positively associated (p= 0.0184) with perivascular invasion,
while CD44"" was positively associated (p=0.0186; Fisher’s Exact Test) with metastasis (N+).
Five-year survival rates tended to be lower in patients with ALDHI"&" immunoexpression
compared to ALDH1!Y, although with no statistical significance (p= 0.1303). In summary, the
present study revealed that CD44 is highly labeled in tumor cell from metastatic sites, being

associated with lymph node metastasis, while ALDH1 high immunostaining was associated







with perivascular invasion. Altogether, it suggests that immunoexpression of CD44 and

ALDHI1 links the cancer stem cell phenotype with OSCC invasion and metastasis.

Keywords: Cancer Stem Cells; ALDH1; CD44; Oral Squamous Cell Carcinoma; Cervical

metastatic lymph node.







RESUMO

O carcinoma epidermoide de boca (CEB) ¢ uma das neoplasias mais comuns da regido de
cabeca e pescogo e resulta em alta morbidade e mortalidade anualmente, estando o pior
progndstico relacionado a presenga de metdstase em linfonodos cervicais. O processo de
metastase tem sido associado a uma subpopulagdo de células tumorais, chamadas células-tronco
de cancer (CSC, do inglés Cancer stem cells), que consistem em uma pequena populacao de
células com propriedades de células-tronco, incluindo maior taxa de migracdo e potencial
metastatico em comparacdo com outras células tumorais. O objetivo do presente estudo foi
avaliar os marcadores candidatos de CSCs ALDHI1 e CD44 em tumores primarios de CEB e
metastases linfonodais correspondentes, por meio de imuno-histoquimica. A imunomarcagao
foi posteriormente correlacionada com dados clinico-patologicos. Foram obtidas amostras de
tecido tumoral parafinado fixado em formalina (n = 50) e os linfonodos metastaticos
correspondentes (n = 25) de 50 pacientes com CEB submetidos somente ao tratamento
cirtirgico. Os marcadores CD44 ¢ ALDHI1 foram analisados de forma semi-quantitativa de
acordo com a proporcao e intensidade de cé€lulas positivas no fronte de invasao e em linfonodos
cervicais metastaticos como um todo. A porcentagem de células tumorais ALDH1 e CD44
positivas, bem como a intensidade da imunomarcagdo, foi classificada em um escore
combinado obtido pela multiplicagdo de ambos os pardmetros, variando de 0 a 9 (ALDH1) ou
0 a 12 (CD44). Em seguida, as pontuagdes combinadas foram dicotomizadas em um escore
final classificado como baixo (do inglés low) (ALDH1 < 2; CD44 < 4) ou alto (do inglés high)
(ALDHI1>2; CD44> 4). A imunoexpressdo de ALDH1 e CD44 foi detectada tanto em tumores
primarios quanto em linfonodos cervicais metastaticos, embora com padrdo diferente de
imunomarcagao. Células tumorais ALDHI-positivas foram identificadas como focais e
dispersas ao longo do fronte de invasdo, sem imunomarcagao nas pérolas cérneas. Em contraste,
a imunopositividade para CD44 foi mais homogénea e amplamente distribuida, com maior
imunomarcagdo em areas periféricas das ilhotas tumorais presentes no fronte de invasdo.
Embora ndo estatisticamente significativa, as médias da imunoexpressio ALDHI1"e" (p =
0.0985) e CD44"eh (p = 0.1632, pos-teste de Mann-Whitney) foram maiores em linfonodos
metastaticos em comparagio com tumores primarios. ALDH1™" foi positivamente associado
com invasdo perivascular (p = 0.0184), enquanto CD44"&" foi com metastase (N+) (p = 0.0186;
teste exato de Fisher). As taxas de sobrevida global em 5 anos tenderam a ser mais baixas em

pacientes com imunoexpressio elevada de ALDH1 em comparagio com ALDHI1"Y, embora







sem significancia estatistica (p = 0.1303). Em resumo, o presente estudo revelou que a elevada
imunomarcagdo de CD44 esta significativamente associada com metastases linfonodais,
enquanto que a elevada imunomarcagao de ALDHI esta associada com invasao perivascular.
Em conjunto, sugerimos que a imunoexpressao de CD44 e ALDHI esteja relacionada com o

fenotipo de células tronco de cancer que tem capacidade de invasdo e metastase em CEB.

Palavras-Chave: Células-tronco de cancer; ALDH1; CD44; Carcinoma epiderméide de boca;

linfonodo cervical metastatico.
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1 INTRODUCTION

Oral squamous cell carcinoma (OSCC) represents the sixth most common cancer
worldwide, representing approximately 95% of head and neck cancers (TORRE et al., 2015).
OSSC mainly occurs in men aged 50 years or older (BELCHER et al., 2014) associated with
alcohol and tobacco use, and the most frequent anatomical site is tongue and floor of the mouth

(FELLER and LEMMER, 2012).

Despite advances in therapeutic research, OSCC still results in high morbidity and
mortality, with overall 5-year survival rate still lower than 50% along the years (CARVALHO
et al., 2005; SIEGEL et al., 2014). Worldwide, the National Cancer Institute (NIH) estimates
that there will be 49.670 new cases of oral cavity cancer in 2017, and about 9.700 people will
die of this disease. In Brazil, the estimative is that 11.140 males and 4.350 females may develop

cancer of the oral cavity (INCA, 2016).

Although late diagnosis and local recurrence influence OSCC prognosis badly, the worst
prognosis is related to the presence of metastasis in cervical lymph nodes (NOGUTI et al.,
2012; PEDERSEN et al., 2016). Therefore, the ability to predict tumor invasiveness and lymph
node metastasis based on clinicopathological and immunohistochemical parameters may
positively influence the decision on treatment as well as the clinical outcome (JARVINEN et
al., 2008). The evaluation of lymph node metastases macro and microscopically is already a
key point to determine the surgical approach and the possible use of adjuvant chemotherapy in
patients with OSSC (OLSEN et al., 2011). A valuable step forward should be the establishment
of biomarkers of invasiveness in order to predict metastatic spread and propose a specific
treatment protocol. Additionally, the identification of molecules involved in the regulation of
biological process of the invasion-metastasis cascade turn possible the translation of the

findings into targeted therapy against phenotypically more invasive/metastatic cancer cells.

It is known that mechanisms of tumor recurrence and metastasis, as well as treatment
failure, are due, among other factors, to the patterns of cellular heterogeneity present in tumors
and two models have been proposed to account for heterogeneity within a tumor. In the clonal
evolution model (Figure 1A), all cancer cells accumulated stochastic mutations essentials for
adaptation and selection of clones more suitable for the tumor progression; as such, any tumor

cell is capable of indefinite proliferation and generating new tumors (WACLAW et al., 2015).




22 Introduction

On the other hand, the model of Cancer stem cells (CSCs) (Figure 1B), hypothesized by Reya
et al. in 2001 (REYA et al., 2001), suggests that only a subpopulation of whole tumor cells is
available to self-renewal, retaining their features over rounds of cell divisions and to generate
a more differentiated progeny, similar to what happens with normal stem cells (CLEVERS,
2011; PLAKS et al., 2015). However, tumor hierarchy is not a one-way route, but can be
reversible or plastic, which differentiated cells are able to dedifferentiate and obtain CSC

properties under specific conditions (MEDEMA, 2013; MEACHAM; MORRISON, 2013).
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Tumour cells are Tumour cells are heterogeneous
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extensively and form to proliferate extensively and

new tumours form new tumours

Figure 1. Models of cellular heterogeneity in solid tumors. Tumors are composed of a heterogeneous population
with different phenotypic characteristics. In the figure, different cell phenotypes are shown in different colors; (A)
stochastic model, in which each cell of the tumor is able to self-renew (curved arrows) and to give rise to new
tumors (horizontal arrows), and (B) cancer stem cell hypothesis, in which only a subpopulation of tumor cells
(cancer stem cells, in yellow) is able to self-renew and originate new tumors. Retrieved from Reya et al. (2001)

(REYA et al., 2001).

As regards to the origin of CSCs, they may be the product of dedifferentiation of somatic
cells following oncogenic insult (FRIEDMANN-MORVINSKI and VERMA, 2014) or arise
from genetically altered normal stem cells (SC) that lost proliferative control and spatial
organization (RODINI et al., 2016). SC are capable of self-renewal and difference in many
types of cells; during cell division, SC can generate equal copies of itself and/or differentiate
into specialized cells. Normally, they are slowly self-renewing with each cell division
producing an average of one stem cell and one what is called a transit-amplifying or progenitor
cell, who has limited proliferative potential. However, this number may increase after injury in
process of tissue regeneration (BARFOOT et al., 2013). The accumulation of genetic mutations

in adult SC could make these cells mutate or dedifferentiate (MENENDEZ et al., 2014)
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producing a CSC, who also are capable to infinity self-renew and generation of differentiated
cells (tumor cells) (VERMEULEN et al., 2012). These properties reflect the indefinite growth
capacity of tumors, as well as their morphological heterogeneity and several degrees of

differentiation (Figure 2).
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Figure 2. Schematic view of normal stem cells (A) and cancer stem cells (B). (A) shows different sources of
normal SCs, their biological properties of indefinite division by self-renewal and generation of differentiated cells
under appropriate conditions; while embryonic stem cells are totipotent, adult stem cells are unipotent but can
regain totipotent properties under in vitro conditions, originating the induced pluripotent stem cells (iPSCs). (B)
shows that adult epithelial SCs can undergo malignant transformation after cumulative genetic alterations caused
by carcinogens, generating CSCs. These CSCs retain the biological properties of self-renewal and generation of
differentiated (cancer) cells, leading to cancer development and further metastasis. (RODINI et al., 2016, in press).

The concept of CSC has been discussed for years, but the first concrete evidence
emerged in 1997 when Bonnet & Dick (BONNET and DICK, 1997) demonstrated that the
ability to initiate tumor growth when leukemic cells were transplanted into NOD/SCID mice
was limited to CD34"/CD38" subpopulation. In solid tumors, Al-Hajj and co-workers (2003:
Prospective identification of tumorigenic breast cancer cells. Proc. Natl. Acad. Sci. U.S.A. 100
3983-3988) were the first to demonstrate CSCs in breast cancer using the cellular markers
CD44"/CD24°%/Lineage™ cells. Later on, Prince and colleagues (2007: Identification of a
subpopulation of cells with cancer stem cell properties in head and neck squamous cell

carcinoma. Proc. Natl. Acad. Sci. U.S.A. 104 973) were pioneers on identifying a subpopulation
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of head and neck squamous cell carcinoma (HNSCC) tumor cells with stem cell-like
phenotypes, initially using the cellular marker CD44 (Prince et al., 2007). Since then, the
hypothesis of CSC in HNSCC has been studied extensively (KRISHNAMURTHY and NOR,
2012). In this regard, several studies have been analyzed the expression of representative CSC
markers, such as ALDHI1 and CD44 in primary tumors in relation to invasiveness, metastasis,
prognosis and therapeutic response (KRISHNAMURTHY and NOR, 2012; MANNELLI and
GALLO, 2012).

One of the most known marker of putative CSC is CD44, a transmembrane glycoprotein
and receptor for hyaluronan (HA), widely associated with cell-to-cell adhesion, cell-to-
extracellular matrix adhesion and interactions, as well as angiogenesis, cell migration and cell
proliferation in tumorigenesis (CHINN et al., 2012; BRADSHAW et al., 2016). Also, CD44-
positive cells have a more primitive, poorly differentiated morphology; therefore, it has been
considered a great stem-cell marker (PRINCE et al., 2007). The high expression of CD44 in
Head and Neck Cancer, including OSCC, was also associated with poor prognosis and

metastasis (CHEN et al., 2014; KOKKO et al., 2011).

For enhancing the applicability of CD44, the association with other markers, such as
ALDHI, is necessary. Chinn et al. (2015) demonstrated that the association of CD44 with
ALDHI activity could increase tumorigenesis. Aldehyde dehydrogenase 1 (ALDH]1) is from a
family of intracellular enzymes involved in cell differentiation, detoxification and drug
resistance. It can catalyze the conversion of acetaldehyde to acetic acid and is highly expressed
in CSC (KRISHNAMURTHY and NOR, 2012; WU et al., 2015). A number of studies have
shown that ALDHI1 expression is a well-established marker for normal hematopoietic and
nervous system SC, and CSC marker in several types of human cancer, including lung,

pancreatic, prostate and head and neck cancers (CLAY et al., 2010; SEINO et al., 2016).

Then, CSC is a subpopulation within tumor mass with remarkable biological properties
involved not only with tumor development but also closely related to the process of tumor
invasion and metastasis. As such, the aim of present study was to evaluate the
immunoexpression of the putative CSC biomarkers CD44 and ALDH1 in primary OSCC and
corresponding cervical lymph node metastases. The possible correlation between the expression

of the markers and clinicopathological data was also investigated.




2 PREPOSITION






Proposition 27

2 PREPOSITION

The aim of the present study was to evaluate the immunoexpression of the putative CSC
markers CD44 and ALDHI in OSCC primary tumors and corresponding lymph node
metastases, by means of immunohistochemistry. Also, in order to elucidate the relationship
between the expression of the markers and clinicopathological data, ALDH1 and CD44
immunopositivity level was correlated with parameters such as tumor size (pT), nodal status

(pN), perineural invasion, perivascular invasion, histological grade and survival.
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ABSTRACT
BACKGROUND: Tumor metastasis has been associated with cancer stem cells, a small
population with stem-like cells properties, higher rate of migration and metastatic potential
compared to tumor cells from the tumor bulk. Our aim was to evaluate the immunoexpression
of the putative cancer stem cell biomarkers ALDH1 and CD44 in primary tumor and
corresponding lymph node metastases, by means of immunohistochemistry.
METHODS: Tumor tissue specimens (n=50) and corresponding metastatic lymph nodes
(n=25) were surgically obtained from 50 patients with oral squamous cell carcinoma. CD44 and
ALDHI were semi-quantitatively scored according to the proportion and intensity of positive
cells within the invasive front and metastatic cervical lymph nodes as a whole. A combined
score was obtained by multiplying both parameters and later dichotomized into a final score
classified as low (ALDH1< 2; CD44< 4) or high (ALDH1> 2; CD44> 4) immunoexpression.
RESULTS: ALDH1 and CD44 immunoexpression was detected in both tumor sites, although
the means of ALDH1"&" (p=0.0985) and CD44"" (p= 0.1632) cells were higher in metastatic
lymph nodes compared to primary tumors. ALDH1"2" was positively associated (p= 0.0184)
with perivascular invasion, while CD44"#" was positively associated (p= 0.0186) with
metastasis (N+). Five-year survival rates tended to be lower in patients with ALDH1"h
immunoexpression compared to ALDH1°Y (p=0.1303).
CONCLUSIONS: CD44 highly labeled tumor cells were associated with node metastasis,
while ALDH1 high immunostaining was associated with perivascular invasion. Altogether, it
suggests that immunoexpression of CD44 and ALDHI1 links the cancer stem cell phenotype

with oral squamous cell carcinoma invasion and metastasis.

INTRODUCTION

Oral squamous cell carcinoma (OSCC) is one of the most common type of cancer in the
head and neck. The worldwide incidence overtakes 300,000 cases and half of them die annually
resulting in high morbidity and mortality (1). Despite advances in therapy, the overall 5-year
survival rate is <50% remaining unaltered over the last decades (2). Although late diagnosis
and local recurrence may influence patient survival, the worst prognosis of OSSC is related to
metastasis in cervical lymph nodes caused by invasion of cancer cells (3).

Accumulating evidence has shown that recurrence and metastasis are associate with the
presence and the maintenance of cancer stem cells (CSCs) (4-7), the most migratory and highly

metastatic cellular subpopulation within the tumor. CSCs have characteristics of both cancer
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cells and stem cells, including self-renewal and resistance to apoptosis. It has been suggested
that these cells are responsible for tumor progression, once CSCs have higher rate of migration
and metastatic potential compared to other ordinary tumor cells (8). Studies have also shown
that there is a link between the CSC phenotype and the process of epithelial-mesenchymal
transition (EMT), characterized by the loss of cell polarity and cell-cell adhesion, as well as
gain of mesenchymal morphology, which allows them to migrate beyond the primary tumor
9).

Importantly, identifying CSCs at routine staining tumor tissues is not possible. It must
be based on cell surface markers expression, most of them selected by self-properties involved
with tissue development lineage molecules or by hematopoietic or embryonic stem cells (10).
The same markers used for CSC isolation have also being studied at the immunohistochemistry
level.

The most known marker of CSC is CD44, a transmembrane glycoprotein and receptor
for hyaluronan (HA), widely associated with cell adhesion, angiogenesis, cell migration and
cell proliferation in tumorigenesis (11-12). It has also been demonstrated that association of
CD44 with ALDH1 activity could increase tumorigenesis (13). Aldehyde dehydrogenase 1
(ALDH1), a detoxifying enzyme involved in cell differentiation, detoxification and drug
resistance. Is highly expressed in normal and cancer stem cells, including head and neck cancers
(14-16).

Positivity for the CD44 has already been investigated in OSCC and correlated with
clinical parameters, indicating a higher frequency of CD44-positive cells in patients with local
tumor recurrence (23) and also in cervical metastatic lymph nodes (data not published);
However, to date there are few studies in the literature about the comparative expression of
CSC markers in primary sites of OSCC and corresponding metastatic cervical lymph nodes, as
well as their possible clinical significance. In this sense, a recent study investigated the presence
of CSC markers in primary tumors and corresponding lymph nodes in head and neck squamous
cell carcinoma (HNSCC), demonstrating that there was a high immunoexpression of CD44 in
tumor specimens and cultivated cells, as well as a higher frequency of CD44-positive cells in
metastatic lymph nodes compared to corresponding primary tumors, emphasizing their
importance in tumor progression (24).

Similar study has already been investigated the expression of ALDH1 in OSCC and
cervical lymph node metastasis of formalin-fixed and paraffin-embedded tissue blocks and
correlated with clinical parameters, indicating a higher frequency of ALDH1-positive cells in

in cervical metastatic lymph nodes. Importantly, these results indicate that high expression
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ALDHI diffuse staining patterns might be novel prediction marker for OSCC lymph node
metastasis (22).

Herein, the presence of the CSC biomarkers CD44 and ALDHI was investigated in
OSCC surgical resection specimen of primary tumors and corresponding lymph node
metastases, by means of immunohistochemistry. Additionally, the immunoexpression level
scored semi-quantitatively was correlated with clinicopathological data and prognosis, aiming
to contribute to the understanding of the biological behavior of tumor cells with the capacity

for mobility, invasion and dissemination, as well as the its association with the CSC phenotype.

MATHERIAL AND METHODS
Samples

Archived Formalin fixed paraffin-embedded primary OSCC from the tongue or floor of
mouth (n=50), and corresponding cervical metastatic lymph nodes (n=25), were obtained from
the Department of Head and Neck Surgery, Hospital das Clinicas da Faculdade de Medicina da
Universidade de Sao Paulo (HC-FMUSP), Sao Paulo, Brazil. The study included smoker
patients with forty years old or older, with no immune diseases or diabetes, and without any
previous treatment before surgical resection. This study was approved by the local Research
Ethics Committee of Bauru School of Dentistry (CAAE 50695815.2.0000.54.17) and a signed

informed consent was obtained from all participants.

Immunohistochemistry (IHC)

The immunoexpression of the putative CSC markers ALDH1 and CD44 was analyzed
by immunohistochemistry in primary OSCC and cervical lymph nodes metastasis tissue
samples. Slides were deparaffinized, rehydrated, and submitted to antigen retrieval in Steamer
using citrate-based antigen solution pH 6,0 (Sigma Aldrich) at 95°C for 30 min. Sections were
then incubated in 3% hydrogen peroxide for 10 minutes to block endogenous peroxidase
activity and with Protein Block Serum-Free (Dako, Carpinteria, CA) for 15 minutes at room
temperature to suppress nonspecific binding of subsequent reagents. Tissue sections were
incubated for 1h at room temperature (RT) with the following primary antibodies: mouse anti-
human ALDHI1 (clone 44, cat# 611195, 1:700, BD Biosciences, NJ, USA) and anti-human
CD44 (clone 156-3C11, cat#3570, 1:700, Cell Signalling, MA, USA) monoclonal antibodies.
After washing, tissue sections were incubated with biotin-free peroxidase-based ADVANCE™
kit (K4068, Dako) visualization system for one hour at RT. Finally, 3'3-diaminobenzidine

(DAB) substrate-chromogen system (Dako) was applied for 1 min and, after washing, sections




Article 35

were counterstained with Meyer’s haematoxylin.  The positive control for immunostaining
standardization was either breast cancer cells (ALDH1) or lymphocytes (CD44). Furthermore,
negative control was obtained by incubation with IgG serum in substitution of the primary
antibodies. Brown staining in cytoplasm for ALDH1 and membrane for CD44 was considered

positive.

Immunostaining quantification

Immunohistochemical analysis was performed semi-quantitatively by two examiners,
under a light microscope (Carl Zeiss) at x400 magnification, blinded to the clinical and
pathologic parameters of the samples. The percentage of positive cells as well as the intensity
of the immunostaining were scored within the invasive tumor front (ITF — defined as the
deepest detached cancer cells or cancer islands) of OSCC and corresponding metastatic
cervical lymph nodes as a whole. A combined score was obtained by multiplying percentage
and intensity of immunopositivity, ranging from 0 to 9 (ALDH 1, modified from Osman, 2014)
or 0 to 12 (CD44, modified from Shakib et al., 2015). Table 1 summarizes the scoring system.
Finally, combined scores were dichotomized into a final score classified as low (ALDHI1< 2;

CD44< 4) or high (ALDH1> 2; CD44> 4) immunoexpression.

Statistics

Statistical analyzes were performed using GraphPad Prism 5 (GraphPad software, Inc.,
CA, USA). Final scores of ALDHI1 and CD44 immunostaining between primary OSCC and
corresponding metastatic cervical lymph nodes were compared by Unpaired T test followed
by Mann-Whitney post-test. Correlation between clinicopathological findings and protein
immunoexpression was assessed by Fisher’s Exact test. Kaplan—Meier and log-rank tests were
used to demonstrate and compare survival between different groups. P-values <0.05 were

considered for statistical significance.

RESULTS
Sample characterizing

Most of patients with OSCC were male (n=40; 80%), smokers (n=50; 100%) and
alcoholist (n=50; 100%) aging from 38 to 85 years-old with a mean survival rate of 3.7 years.

OSCC lesions are predominantly well- (n=23; 46%) and moderately- (n=21; 42%)
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differentiated tumors. The majority of the lesions were classified as T2 (n=19; 38%) and T4
(n=12; 24%) and half of the samples were from metastatic tumors (n=25; 50%). Figure 1 shows
representative photomicrographs of well-differentiated primary OSCC and cervical lymph node

metastasis.

Immunohistochemical labeling for ALDHI and CD44

Semi-quantitative analysis was based on a scoring system considering percentage and
intensity of positive cells at the ITF of primary OSCC and corresponding cervical metastatic
lymph node as a whole.

Cytoplasmic and membrane labeling were observed for ALDHI1 and CD44,
respectively, exhibiting a strong and specific immunopositivity in both primary and metastatic
tumor sites, although with different immunolabeling pattern. Immunopositivity for ALDH1
revealed scattered patches of positive cells and a notable absence of immunoexpression within
keratin pearls. Conversely, CD44 immunopositivity was more homogeneous and widely
distributed, with higher labeling in peripheral areas of the tumor islands within the TIF.

Positivity for ALDHI1 was observed in 46% primary OSCC. When ALDHI1 positive
cells were observed, they were concentrated in focal areas preferably at the center of tumor
islands (Fig. 2A and 2B). Conversely, metastatic lymph nodes were predominantly positive for
ALDHI1 (76% of the samples), keeping the labeling pattern previously observed in OSCC with
sparsely cytoplasmic positivity cells, altrough higher intensity of labbleling was observed in
peripheic areas of tumor islands (Tis) (Fig.2E and 2F).

Regarding CD44, tumor cells exhibiting membranous labeling were observed in all
primary tumors, but varying according to regions of Tis. Tumor cells from the periphery
exhibited high positivity, while a less intensity of labeling was observed in central regions of
Tis (Fig. 2C). Interestingly, single CD44-positive cell was found within perineural invasion
(Fig. 2D). Tumor stroma was also positive for CD44, mainly in lymphocytes from the
peritumoral inflammatory infiltrate (Fig. 2G), and was considered an internal positive control
of the immunostaining. Metastatic cevical lymph nodes were totally positive for CD44 (100%
of the samples) and also exbithed a less intensity of labeling in central regions of Tis (Fig. 2H),
keeping the labeling pattern observed in OSCC.

Comparing the immunoexpression of the CSC markers in primary sites of OSCC and
corresponding cervical lymph node metastasis, the number (mean combined score + standard
error of mean) of both ALDH1 and CD44-positive cells were higher in metastatic sites (3.80 +
0.63 and 7.90 £ 0.70 respectively) than in primary tumors (2.80 = 0.50 and 6.70 = 0.53)
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respectively, altough without statistical significant (p= 0.0985 and p= 0.1632, respectively;
Fig. 2T and 2J).

After dichotomization of the immunoexpression, no significant correlation was
observed between ALDH 1'°Vhigh or CD44'oWhigh samples and clinicopathological parameters of
age, gender, tumor size (pT), perineural invasion, histological grade and five-years survival.
Importantly, ALDH1"#" immunoexpression was positively associated with perivascular
invasion by tumor cells (p= 0.0184), while CD44 i¢" was positively associated with cervical
lymph node metastasis (p= 0.0186) (Table 2).

In general, five-year survival rate was 34%; from these, the majority of patients
exhibited ALDH1°Y and CD44"¢" immunoexpression compared to ALDH1"&" and CD44%",
respectively, although these results did not reach statistical significance (p= 0.1303 and p=
0.3692, respectively) (Table 2 and Fig. 3).

DISCUSSION

CSC are considered essential to tumor initiation, maintenance, recurrence and
metastasis, and its identification has been proposed as a targeted therapeutic strategy against
cancer (19). In this context, studies have shown that CSC can be isolated and enriched by cell
surface markers, such as CD44, ALDH1, BMI1, Nanog and Oct4, already identified in various
solid tumors (22, 25-27). These CSCs markers have also been assessed by
immunohistochemistry in primary tumors, being commonly related to metastasis and worse
prognosis. In HNSCC, systematic reviews aiming the association of CSC markers and
prognostic factors describe relevant information. Chen et al., (2014) showed that CD44 is
related to worse T/N category, tumor grade and prognosis. Zhou & Sun (2014) found that
ALDHI1-positive HNSCC patients had worse prognosis, which was associated with poorer
tumor differentiation, lymph node metastasis, decreased overall and disease-free survival. Fan
et al., (2017) reported that high expression of BMI1, Oct-4 and, more importantly, CD133 and
Nanog is associated with worse prognosis in HNSCC. It has also been demonstrated that
association of CD44 with ALDHI1 activity could increase tumorigenesis (20) and is directly
related to the CSC phenotype. In the present study, immunoexpression of both ALDH1 and
CD44 CSC markers was evaluated on 75 OSCC samples, i.e 50 primary oral squamous cell
carcinoma and 25 corresponding metastatic cervical lymph nodes.

ALDHI1 immunolabeling was found in 46% of primary OSCC and 76% of metastatic
lymph nodes. ALDH1-positive tumor cells from primary OSCC were predominantly detected

around blood vessels, being significantly correlated with perivascular invasion (p= 0.0184).
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Indeed, previous studies with breast (31) and colorectal cancer (21) also associated high
expression of ALDH1 with perivascular invasion. Indeed, it is known that ALDHI activity is
associated with EMT program in cancer cells, which contributes to tumor progression and
metastasis trough the disruption of basement membrane and invasion into the surrounding
microenvironment, such as the lymph and blood vascular systems (31, 33-34).

The present results also demonstrated that the percentage and immunostaining intensity
(combined score) of ALDH-positive cells were higher in metastatic lymph nodes compared to
primary OSCC. This finding is in accordance to Michifuri et al., (2012) who revealed that
ALDHI is associated with high risk of nodal metastasis in OSCC. In face of these, it is
reasonable to hypothesize an association between the expression of ALDH1 and the progression
of OSCC to cervical lymph nodes.

CD44 CSC marker was positive in all samples of OSCC and metastasis; however, CD44
was more strongly labeled in tumor cells from cervical metastatic lymph nodes than primary
tumors. More importantly, CD44"¢" immunoexpression was significantly associated with node
metastasis (p= 0.0186). Similarly, other study in HNSCC have also reported the significant
association between high expression of CD44 and cervical lymph node metastasis (32). In this
sense, El-aziz et al. (2017) suggest that high expression of CD44 activated some proteinases
enzymes, such as matrix metalloproteinase (MMP)-9, which is responsible for digesting
extracellular matrix (ECM), thereby promoted the degradation of tumor cell-mediated matrix,
resulting in the enhancement of invasion and metastasis. Still, decrease on CD44 expression
implies in a reduction or absence of peritumoral stoma binding ability (36), suggesting its role
in promoting cervical lymph node metastasis. Additionally, CD44 expression is also associated
with poor survival outcomes in OSCC and oropharynx squamous cells carcinoma (35).

Due to the widely labeling observed for CD44 in all our samples (OSCC and cervical
metastatic lymph nodes), it was useful to associate ALDHI1 as another CSC marker to reach
more conclusive findings. Indeed, the importance of CD44 as a CSC-specific marker in HNSCC
has been questioned due its expression in normal and neoplastic epithelial cells (37). Thus, the
relevance of evaluating the expression of CD44 as a marker of CSC appears to increase when
associated with other proteins, such as ALDH1 (38).

Consequently, we also performed a correlation analysis between clinicopathological
findings and protein immunoexpression in primary tumors and cervical lymph node metastasis,
in order to identify a pattern of ALDH1 and CD44 labeling during tumor progression. Although
no statically significant difference was observed here (data not shown), some studies showed

that ALDH*/CD44"" cells exhibited increased invasiveness/metastasis potentials both in vitro
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and in vivo. These findings support the notion that the acquisition of CSC-like phenotypes may
play a critical role in the metastasis and recurrence of OSCC (39-40).

Regarding survival, no statistically significance difference was found on survival rates
associated with ALDH1 or CD44 expression in OSCC. However, five-year survival rate of
patients with ALDH1'°% and CD44"&" immunoexpression was higher compared to ALDH]"eh
and CD44"°%, respectively (p= 0.1303 and p= 0.3692, respectively). The present results on
ALDHI1 expression are supported by Habiba et al., (2017); on the other hand, Kokko et al.,
2011 observed opposite results than the present on CD44, whose expression was associated
with decreased five-year survival. In face of some contradictory results and the absence of
statistical significance in some comparisons, two limitations of the present study to be
considered are the sample size and the intrinsically limitations of score analysis.

In conclusion, our study demonstrated that CD44"e" cells were associated with cervical
lymph node metastasis while ALDH1M&" was associated with perivascular invasion, both
considered important parameters for OSCC poor prognosis. Altogether, the present findings
suggest that immunoexpression of CD44 and ALDHI links the cancer stem cell phenotype with

OSCC invasion and metastasis.
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Table 1. Scoring system used for evaluation of the CSC markers ALDH1 and CD44 in primary
OSCC and corresponding metastatic lymph nodes.

ALDH1 CD44
Score Percentage Intensity Percentage Intensity
0 <5% Negative - Negative
1 5-25% Weak 0-10% Weak
2 26-49% Moderate 11-25% Moderate
3 >50% Strong 26-49% Strong
4 - - >50% -

Table 2. Association between demographic, clinical, and pathologic characteristics and protein

expression in patients with OSCC and corresponding metastatic lymph nodes.

ALDHI CD44
Characteristic Category Low n (%) H;%n P Low n (%) Highn (%) P
<60 21(42.0%)10(20.0%) 10(20.0%) 21 (42.0%)
Age 60 10(20.0%) 9 (18.0%) 110 9 (18.0%) 10 (20.0%) 716
Female 6 (12.0%) 4 (8.0%) 4 (8.0%) 6 (12.0%)
Gender Male 25(50.0%)15(30.0%) 000 15(30.0%) 25 (50.0%) 00
TI/T2  18(36.0%)10(20.0%) 1224.0%) 17 (34.0%)
7742 .
Teategory 10y 13(26.0%) 9 (18.0%) 7% 8 (16.0%) 14 (28.0%) O o0
N0 17(34.0%) 8 (16.0%) 14(28.0%) 11 (22.0%) .
N category Nt 14(28.0%)11(22.0%) 775 (10.0%) 20 (40.0%) 0186
Perineural Yes  23(46.0%)11(22.0%) o0 12(240%) 21 (42.0%) .
invasion No 8 (16.0%) 8 (16.0%) 7 (14.0%) 10 (20.0%) -
. 0 0 0 0
Perivascular  Yes 1 (2.0%) 5 (10.0%) (100 0 0(0%) 5 (10.0%) 0\,
invasion No  31(62.0%)13(26.0%) 19(38.0%) 26 (52.0%)
L Tl 13(26.0%)10(20.0%) 10(20.0%) 12 (24.0%)
istological /o ately 16(32.0%) 5 (10.0%) 0.1236 6 (12.0%) 16 (32.0%) 0.3753
grade
Poorly 2 (4.0%) 4 (8.0%) 3 (6.0%) 3 (6.0%)
<5 18(36.0%) 15 (30.0% 14(28.0%) 19 (38.0%
Survival vears 18(36.0%)15(30.0%) | 1oy 14(28.0%) 19 (38.0%) o)

>5 years 13(26.0%) 4 (8.0%) 5(10.0%) 12 (24.0%)
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Figure 1. Representative photomicrographs of the general histopathological characteristics of
primary OSCC (A, C and E) and corresponding cervical lymph node metastasis (B, D and F).
(A) shows a well-differentiated OSCC with (B) perineural invasion (yellow arrow) and (C)
muscle infiltration by tumor cells. (F) reveals extracapsular spread (black arrow) of metastatic
cells in cervical lymph node. H&E, final magnification of 100x (A and B) and 400x (C-F);

OSCC: oral squamous cell carcinoma.

Figure 2. Representative photomicrographs of ALDH1 and CD44 immunostaining in OSCC
primary tumors (A-D) and metastatic lymph nodes (E-H). For primary tumors, focal
cytoplasmic ALDHI1 staining was observed in central areas of tumor islands (A) and
accumulation of ALDH 1+ tumor cells around vessels (B) can be seen. High intensity membrane
expression of CD44 in tumor cells from peripheral regions of tumor islands (C) and perineural
invasion (D) were observed. At metastatic lymph nodes, ALDH1 was labeled in peripheral and
central areas of metastasis (E-F). CD44 was widely immunoexpressed in all sites of metastatic
lesions (G-H). Final magnification x100 (A, C, E and G) and x400 (B, D, F and H). The graph
shows the mean of combined scores (+ standard error) in primary tumors and corresponding

metastasis for ALDHI (I) and CD44 (J). OSCC: Oral squamous cell carcinoma

Figure 3. Cancer-specific survival analysis curve in patients with OSCC with low (black line)
or high (red line) expression of ALDHI1 and CD44. Five-year survival rates tended to be lower
in patients with ALDHI1M" and CD44"°% compared to ALDHI¥ and CD44"eh
immunoexpression compared to ALDH1'®%, although with no statistical significance (p =

0.1303 and P 0.3692, respectively). OSCC: oral squamous cell carcinoma.
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4 DISCUSSION

OSCC is a multifactorial disease, which poor prognosis is associated with cervical
lymph node metastasis (FERLAY et al., 2015). Metastasis consists in a complex multistep
biological process in which cancer cells lose adhesion to their neighboring cells and invade the
surrounding tissue; they reach the blood stream and further interact with the endothelium of
distant organs where they overflow and establish micro metastasis. Once in the new site, the
cancer cells restart proliferation programs originating the macro and detectable metastases

(SCHROEDER et al., 2011).

Although the exact mechanism that confers tumor cells the capacity to break free from
the primary lesions and invade adjacent tissues are not completely understood, innumerous
studies have suggested the epithelial-to-mesenchymal transition (EMT) as key factor in this
first step of the metastatic cascade (RHIM et al., 2012; TSAI et al., 2012; YU et al., 2013).
Furthermore, EMT is associated with increased cell motility and resistance to chemotherapy

(De CRAENE and BERX, 2013).

In addition, recent works have associated stem-cell phenotype of cancer cells as
predictor for invasion and consequently metastasis (PANG et al.,, 2010; BACCELLI &
TRUMPP, 2012) and experimental activation of EMT confers many of the properties of CSCs
in epithelial carcinoma cells (MANI et al., 2008; MOREL et al., 2008). Over recent years, cell
surface markers for CSC phenotype were determined for breast, brain, colon, pancreas, lung,

liver, and for head and neck cancers (VISVADER and LINDEMAN, 2008).

The use of CSC markers has been implicated as a useful tool in clinicopathological
characterization and its association with patient’s prognosis justified the intensive effort in the
identification of specific CSC markers in different cancers, such as recent studies in pancreatic

ductal adenocarcinoma (DURKO et al., 2017) and lung cancer (ROUDI et al., 2014).

These CSCs markers have also been assessed by immunohistochemistry in primary
tumors, being commonly related to metastasis and worse prognosis. In head and neck cancer
squamous cell carcinoma (HNSCC), systematic reviews aiming the association of CSC markers
and prognostic factors describe relevant information. Chen et al., (2014) showed that CD44 is

related to worse T/N category, tumor grade and prognosis. Zhou & Sun (2014) found that
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ALDH1-positive HNSCC patients had worse prognosis, which was associated with poorer
tumor differentiation, lymph node metastasis, decreased overall and disease-free survival. Fan
et al., (2017) reported that high expression of BMI1, Oct-4 and, more importantly, CD133 and
Nanog is associated with worse prognosis in HNSCC. It has also been demonstrated that
association of CD44 with ALDHI1 activity could increase tumorigenesis (KENDALL et al.,
2013) and is directly related to the CSC phenotype. In the present study, immunoexpression of
both ALDHI1 and CD44 CSC markers was evaluated on 75 OSCC samples, i.e 50 primary oral

squamous cell carcinoma and 25 corresponding metastatic cervical lymph nodes.

Importantly, numerous molecular events of significance for tumor spread, such as gain
and loss of adhesion molecules, secretion of proteolytic enzymes, increased cell proliferation,
and initiation of angiogenesis occur at the tumor—host interface or invasive front (BRYNE,
1998; BANKFALVI and PIFFKO, 2000). The invasive tumor front (ITF) it is defined as the
deepest tumor islands or detached cells, specifically the three to six more invasive tumor cells
at the advancing edge of the OSCCs (PIFFKO et al., 1997). Thus, in many different types of
carcinomas, cancer cells at the ITF of the primary tumor frequently exhibit signs of EMT
activation, including the reduced expression of Ellcadherin, secretion of proteolytic enzymes,
increased cell proliferation and initiation of angiogenesis (SHARMA et al., 2013), favoring
tumor invasion and consequently, the formation of metastasis. Therefore, it is reasonable to
assume that the best value prognostic information about the tumor invasive cells can be identify
in the ITF, where presumably most aggressive cells reside (WELKOBORSKY et al., 1999;
BANKFALVI and PIFFKO, 2000). Although several studies have been reported the prognostic
significance of ITF in OSCC (KUROKAWA et al., 2005; MOHTASHAM et al., 2013;
PEREIRA et al., 2016) no study have assessed the expression of CSC markers ALDHI1 and

CD44 in this area and compared to cervical lymph node metastasis.

The present results demonstrated that the percentage and immunostaining intensity
(combined score) of ALDH-positive cells were significantly higher in metastatic lymph nodes
compared to primary OSCC. This finding is in accordance to Michifuri et al., (2012) who
revealed that ALDHI1 is associated with high risk of nodal metastasis in OSCC. In face of these
findings, it is reasonable to hypothesize an association between the expression of ALDH1 and

the progression of OSCC to cervical lymph nodes.

CD44 CSC marker was positive in all samples of OSCC and metastasis; however, it was

more strongly labeled in tumor cells from cervical metastatic lymph nodes than primary tumors.
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More importantly, CD44"&" immunoexpression was significantly associated with node
metastasis (p= 0.0186). Similarly, other study in HNSCC have also reported the significant
association between high expression of CD44 and cervical lymph node metastasis (SUN et al.,
2016). El-aziz et al. (2017) suggest that high expression of CD44 activated some proteinases
enzymes, such as matrix metalloproteinase (MMP)-9, which is responsible for digesting
extracellular matrix (ECM), thereby promoted the degradation of tumor cell-mediated matrix,
resulting in the enhancement of invasion and metastasis. Still, decrease on CD44 expression
implies in a reduction or absence of peritumoral stoma binding ability (UMEDA et al., 2015),
suggesting its role in promoting cervical lymph node metastasis. Additionally, CD44 expression
is also associated with poor survival outcomes in OSCC and oropharynx squamous cells

carcinoma (De MORAES et al., 2017).

Due to the widely labeling observed for CD44 in all our samples (OSCC and cervical
metastatic lymph nodes), it was useful to associate ALDH1 as another CSC marker to reach
more conclusive findings. Indeed, the importance of CD44 as a CSC-specific marker in HNSCC
has been questioned due its expression in normal and neoplastic epithelial cells (MACK and
GIRES, 2008). Thus, the relevance of evaluating the expression of CD44 as a marker of CSC
appears to increase when associated with other proteins, such as ALDH1 (KOUKOURAKIS et
al., 2012).

In many circumstances, multiple immunohistochemistry (IHQ) can be a powerful tool
in both diagnostics and research. Osman et al. (2014) observed that patients with OSCC have
different CSC-related marker profile, which co-expression of p7SNTR and ALDHI1A1 is
probably related to different aspects during OSCC progression. Thus, we also want to perform

a multiple IHQ to validate our findings associated with other CSC markers, such as BMI1.

We also performed a correlation analysis between clinicopathological findings and
protein immunoexpression in primary tumors and cervical lymph node metastasis, in order to
identify a pattern of ALDH1 and CDA44 labeling during tumor progression. Although no
statically significant difference was observed (data not shown), some studies showed that
ALDH'/CD44"¢ cells exhibited increased invasiveness/metastasis potentials both in vitro and
in vivo. These findings support the notion that the acquisition of CSC-like phenotypes may play
a critical role in the metastasis and recurrence of OSCC (WANG et al., 2013; ZANG et al.,
2014).
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No statistically significance difference was found on survival rates associated with
ALDHI1 or CD44 expression in OSCC. However, five-year survival rate of patients with
ALDH1'"" and CD44"¢" immunoexpression was higher compared to ALDH1"¢" and CD44'°¥,
respectively (p= 0.1303 and p= 0.3692, respectively). The present results on ALDHI1
expression are supported by Habiba et al., (2017); on the other hand, Kokko et al., 2011
observed opposite results: CD44 expression was associated with decreased five-year survival.
In face of some contradictory results and the absence of statistical significance in some
comparisons, two limitations of the present study to be considered are the sample size and the

intrinsically limitations of score analysis.

In conclusion, our study demonstrated that CD44"" cells were associated with cervical
lymph node metastasis while ALDHI"¢" was associated with perivascular invasion, both
considered important parameters for OSCC poor prognosis. Altogether, the present findings
suggest that immunoexpression of CD44 and ALDHI1 links the cancer stem cell phenotype with

OSCC invasion and metastasis.
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5 CONCLUSIONS

Our study demonstrates that high expression of ALDHI1 was associated with
perivascular invasion, while high expression of CD44 was associated with nodal metastases. It
suggests that ALDH1 and CD44 putative CSCs markers might be associated with OSCC
progression and metastasis to cervical lymph nodes due to the ability of vascular invasion and
colonization of metastatic sites. This would then represent a link between the cancer stem cell

phenotype and invasion and metastasis of OSCC.
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PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Andlise imuno-histoquimica diferencial e comparativa entre CEC de boca primério e
lesbes metastaticas correspondentes

Pesquisador: Camila de Oliveira Rodini Pegoraro

Area Tematica:

Versdo: 1

CAAE: 50695815.2.0000.5417

Instituicdo Proponente: Faculdade de Odontologia de Bauru

Patrocinador Principal: FUNDACAQO DE AMPARO A PESQUISA DO ESTADO DE SAO PAULO

DADOS DO PARECER

Nuamero do Parecer: 1.339.642

Apresentacao do Projeto:

Projeto de dissertagdo de mestrado intitulado "Andlise imuno-histoquimica diferencial e comparativa entre
CEC de boca primario e lesdes matastaticas correspondentes” de Rafael Carneiro Ortiz sob orientagao da
Profa. Dra. Camila de Oliveira Rodini Pegoraro. Serdo utilizadas 195 amostras teciduais parafinadas de
lesdes primarias e linfonodos correspondentes de pacientes com CEC de boca, constituintes de material de
arquivo

devidamente legalizado e com todos os Termos de Consentimento Livre e Esclarecido

armazenados. O material serd procedente do Laboratério de Anatomopatologia do Hospital

das Clinicas (HC) da Faculdade de Medicina da USP. A pesquisa ja foi aprovada pela

Comissao de Etica para Andlise de Projetos de Pesquisa da FMUSP. Serio incluidos casos de pacientes
com idade igual ou superior a 40 anos e tabagistas que apresentarem lesdes em cavidade oral, em especial
lingua e assoalho bucal (C01-02), que foram apenas submetidos a ressecgao cirdrgica do tumor primario e
de linfonodos cervicais. A técnica de imuno-histoquimica sera utilizada para a avaliagdo da co-expressao e
distribuicdo de marcadores relacionados com o fenétipo de CSC (CD44, p75NGFR, BMI-1 e ALDH1) bem
como de células em TEM(vimentina, Snail, AxL, Twist, N-cadherina, E-cadherina).Os blocos parafinados
serdo seccionados (3m) em micrétomo e os cortes colocados sobre [Aminas de vidro previamente
silanizadas (3-
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aminopropyiltriethoxysilano a 10%, em etanol absoluto). Os procedimentos laboratoriais para realizagao da
técnica imuno-histoquimica seréo realizados no Laboratério de Histologia do Departamento de Ciéncias
Biologicas da Faculdade de Odontologia de Bauru da Universidade de Sdo Paulo (FOB/USP. Sera utilizado
o método do polimero marcado (EnvisionTM), com os anticorpos primarios para as proteinas CD44,
p75NGFR, BMI-1, ALDH1, vimentina, Snail, AxL, Twist, N-caderina e E-caderina. Inicialmente, os cortes
serdo desparafinizados por imersao em xilol e hidratados em porcentagens decrescentes de etanol, seguido
de incubagao em peroxido de hidrogénio 3%

diluido em PBS, por 40 minutos. Apds exposi¢édo antigénica, que podera ser por meio de solugao de tampao
Citrato 10mM pH 6,0, EDTA 1 mM pH 8,0 ou Tris-EDTA (10 mM Tris, 1 mM EDTA) pH 9,0 em steamer a
95°C durante 20 minutos, conforme padronizagao, os cortes serdo incubados por 30 minutos em BSA
5%/PBS (Phosphate Buffered Saline) acrescido de Triton 0,5% para bloqueio de sitios inespecificos e
posterior incubagdo com o anticorpo primario em caAmara Umida 4°C. Em seguida sera feita incubagao do
sistema EnVision™ Dual Link System HRP por 30 minutos. A revelagado da reagao sera feita com 3,3'-
diaminobenzidina e as laminas serdo contra-coradas com hematoxilina de Meyer. Entre essas passagens 0s
cortes serdo lavados 2 vezes com solugdo tampao PBS pH 7,4 acrescido de Triton 0,1%. Os

cortes serdo entao desidratados em cadeia de alcool ascendente por 5 min cada, nas concentragdes (%) de
50, 60, 70, 80, 90, 95, absoluto(1), absoluto (2), absoluto (3), e diafinizados em dois banhos de xilol. As
IAminas serdo entdo mantadas em resina Permount para exame ao microscépio de luz. A fim de se observar
marcacao especifica das proteinas, as reacdes serdo previamente padronizadas em amostras controle de
tecido humano parafinadas com reatividade conhecidamente positiva para cada anticorpo, funcionando
como controle externo positivo da reagdo. Como controle interno negativo, sera utilizado o mesmo tecido,
onde o anticorpo primario foi substituido por soro,devendo a reagdo ser completamente negativa.

Objetivo da Pesquisa:

O objetivo geral do projeto proposto € analisar a presenca e distribui¢éo tecidual de

marcadores CSC, assim como do fendémeno de TEM, em CEC de boca, bem como correlacionar os achados
microscopicos com fatores clinicopatolégicos e prognoésticos, contribuindo para a compreensao do
comportamento biolégico das celulas tumorais com capacidade de mobilidade, invasdo e disseminacao.

Avaliagao dos Riscos e Beneficios:
Riscos: A presente pesquisa utilizara material de arquivo referente a biépsias de amostras
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teciduais parafinadas de lesdes prmarias e linfonodos correspondentes. Portanto, seu uso nao envolve
quaisquer riscos.

Beneficios: A principal contribuicao cientifica da proposta é ampliar o conhecimento das caracteristicas
moleculares do carcinoma epidermdide de boca, bem como indicar que aquelas células tumorais capazes
de invadir o tecido subjacente e gerar metastases tenham o fenétipo de CSC e sofreram o processo de
TEM, viabilizando a utilizagao de biomarcadores dessas subpopulagdes como preditores de progndstico e
valor terapéutico. O presente

trabalho visa contribuir na compreensao dos eventos envolvidos na formagéao e progressdo do CEC de boca
a partir da expressao diferencial de marcadores de TEM e células-tronco de cancer. Além disso, apds a
correlagédo dos dados de expressao com os clinico-patolégicos e de sobrevida, espera-se contribuir para a
identificacdo de quais pacientes devem ser seguidos com maior atencdo e/ou submetidos a terapias
adjuvantes.

Comentarios e Consideracdes sobre a Pesquisa:
Trata-se de um projeto de dissertacdo de mestrado de analise imuno-histoquimica utilizando-se amostras
teciduais parafinadas (material de arquivo) de lesdes primarias e linfonodos correspondentes.

Consideragoes sobre os Termos de apresentacao obrigatéria:
Todos os Termos Obrigatdrios foram apresentados além de parecer da Comissao de Etica para andlise de
Projetos de Pesquisa da FMUSP.

Recomendacdes:
Sem recomendagdes

Conclusdes ou Pendéncias e Lista de Inadequacgdes:
Sem pendéncias

Consideracoes Finais a critério do CEP:

Esse projeto foi considerado APROVADO na reunido ordinaria do CEP de 18.11.2015, com base nas
normas éticas da Resolugdo CNS 466/12. Ao término da pesquisa o0 CEP-FOB/USP exige a apresentagao
de relatério final. Os relatérios parciais deverdo estar de acordo com o cronograma e/ou parecer emitido
pelo CEP. Alteragbes na metodologia, titulo, inclusdo ou exclusdo de autores, cronograma e quaisquer
outras mudangas que sejam significativas deverdo ser previamente comunicadas a este CEP sob risco de
ndo aprovagao do relatério final. Quando da apresentacgéo deste, deverdo ser incluidos todos os TCLEs e/ou
termos de doagao assinados e rubricados, se pertinentes.

Endereco: DOUTOR OCTAVIO PINHEIRO BRISOLLA 75 QUADRA 9

Bairro: VILA NOVA CIDADE UNIVERSITARIA CEP: 17.012-901
UF: SP Municipio: BAURU
Telefone: (14)3235-8356 Fax: (14)3235-8356 E-mail: cep@fob.usp.br

Pagina 03 de 04




76 Annex

FACULDADE DE

ODONTOLOGIA DE BAURU-

USP

Continuacéo do Parecer: 1.339.642

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

QBT

Tipo Documento Arquivo Postagem Autor Situagcao
Informagoes Basicas| PB_INFORMACOES_BASICAS _DO_P | 28/10/2015 Aceito
do Projeto ROJETO 612843.pdf 16:30:55
Projeto Detalhado / |Projeto_CEP.pdf 28/10/2015 |Rafael Carneiro Ortiz| Aceito
Brochura 16:29:23
Investigador
Outros Alteracao_Responsabilidade_Projeto_Pr| 28/10/2015 |Rafael Carneiro Ortiz| Aceito

incipal.ipg 16:20:40
Outros Aprovacao_CAPPesqg_Subprojeto_2.pdf| 28/10/2015 |Rafael Carneiro Ortiz| Aceito
16:19:53
Outros Aprovacao_CAPPesq_Subprojeto_1.pdf| 28/10/2015 |Rafael Carneiro Ortiz| Aceito
16:17:53
Outros Aprovacao_CAPPesq_Projeto_Principal.| 28/10/2015 |Rafael Carneiro Ortiz| Aceito
pdf 16:11:49
Declaragéo de Carta_Encaminhamento_Termo_Aquies| 28/10/2015 |Rafael Carneiro Ortiz| Aceito
Instituicao e cencia.pdf 15:30:21
Infraestrutura
Outros Questionario.pdf 28/10/2015 |Rafael Carneiro Ortiz| Aceito
15:11:54
Outros Declaracao_FAPESP.pdf 28/10/2015 |Rafael Carneiro Ortiz| Aceito
14:58:51
Declaragéo de Declaracao_Compromisso.pdf 28/10/2015 |Rafael Carneiro Ortiz| Aceito
Pesquisadores 14:57:49
Folha de Rosto Folha_de_Rosto.pdf 28/10/2015 |Rafael Carneiro Ortiz| Aceito
14:55:25

Situacao do Parecer:
Aprovado

Necessita Apreciacdo da CONEP:

Nao
BAURU, 26 de Novembro de 2015
Assinado por:
Izabel Regina Fischer Rubira Bullen
(Coordenador)
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Apresentagad de um reiaidio final

Conslderaghes sobra 08 Termos de apressntacao obrigatorta:
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Recomendagies:
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cabega e pescoco, especificamentie o PET-CT (Slemens). Inicaimente o grupa amastral seria de 150
EXEIMES ADEAN0ENED 100oe 05 Dpds de cAnceres de cabega @ pescocD bam come seU oray 48 ssladlamemn.
Enfretanto, as pesquisadoras relataram gue Toram avalados apenas 137 questionarios de forma
retrospeciiva selecionados

Epdatete:  DOUTOR STV PRHEING BRISOLLA TS OSSR 3

Bairra VLA MO EHACE UKVERST A CEP.  bF fichamq

L e Wisticlplo:.  BALEL

Totelme, |14 ging P! | 4eri gss E-tratl, cacd®rol: uss.




78 Annex

USP - FACULDADE DE

ODONTOLOGIA DE BAURU DA {;@rnrl
Usp

Contirasgio Sz FPesecer 108 05

dertre o periodo de agosto oe 2012 3 o de 2016 commespondeniss a0 perfodo oe nstalacdo oo PET-CT
na clinkea COM-Bauwnl As pesquisadoras nos apresentaram um relaiodo final com 25 conciusbes &
resultados de sua pEEqUISA. CbSena-6e gue a pasquisa Tol raallzada conforme apmmvata por este CEP,
razan peia qual sou de pareces pela aprowagdo oo raiattro final apresentado

Consldaragies Finals a critére do CEP-
3 CEF reunido ordinariamente no da 10.05.2017 ac3ta por unanimidade o parecer APROVADC, emifito
pedo relaton, sobre o relatono inal da pesquisa

Esfa parscer fol slaborado Dasesio Noe ooCmentds abatxo rsacionados:

Tipo Documento Ao Doetagem ALfor ShEg
Emdio oe Reldidrio  |melatonio fnal CEP pdf ZE0E2HT | Tuana Canisn SeEtn
Fna 051440 | Medsinos
Situacao oo Parscer
AIoadn
Naceesita Apreciagio da CONEFR:

N30

BALRLL 12 de Malp de 2047

Azsinado por
ana Locia Pompéda Fraga de Almeslda
[Conrdenadorn

Eaderece:.  DOLUTGR OCTAVS PRHERG BRIBOLLE P4 SULRRE §

Hairses VLA MOVA GDADE UNYERSTARS, CEP: 47 fes i

P e wisicipie:  BaLMLI

Pabifonm {14 |50 i grig [ IR T e s B L Bl copgtol s S




	CAPA

	DEDICATÓRIA
	AGRADECIMENTOS
	LIST OF FIGURES
	LIST OF TABLES
	LIST OF ABREVIATIONS AND ACRONYMS
	SUMMARY
	ABSTRACT
	RESUMO
	1 INTRODUCTION
	2 PREPOSITION
	3 ARTICLE
	4 DISCUSSION
	5 CONCLUSIONS
	REFERENCES
	ANNEX

