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RESUMO

Objetivos: Verificar se a Endotelina-1 (ET-1) salivar pode representar um biomarcador
eficiente para avaliacdo de risco e progndstico do carcinoma espinocelular bucal.

Metodologia: Neste estudo, foi realizada coleta de saliva de 20 pacientes saudaveis, 15
pacientes portadores de leucoplasia oral (diagnostico histopatoldgico de hiperceratose a
displasia severa), 14 pacientes que ja tiveram carcinoma espinocelular bucal (CEB) e estavam
em um periodo pés-tratamento e livres de doenca por, no minimo cinco anos e, 20 pacientes

portadores de CEB. A ET-1 foi quantificada na saliva através do método ELISA.

Resultados: Ndo houve diferenca estatisticamente significativa na expressao de ET-1 entre 0s
grupos estudados, mesmo quando pacientes com idade superior a 65 anos ou hipertensos
foram excluidos da analise. Da mesma forma, quando a amostra foi separada por sexo,

também ndo houve diferenca significativa.

Conclusoes: A ET-1 salivar ndo se mostrou um biomarcador eficiente do carcinoma

espinocelular bucal.

DESCRITORES": Endotelina-1, cancer bucal, carcinoma espinocelular, leucoplasia,

peptideos, saliva.

! DeCS - Descritores em Ciéncias da Satde, disponivel em http://decs.bvs.br


http://decs.bvs.br/

ABSTRACT

SALIVARY ANALYSIS OF ENDOTHELIN-1 IN ORAL SQUAMOUS CELL CARCINOMA

Objectives: The present study aimed to verify if the salivary Endothelin-1 (ET-1) expression
might represent an efficient biomarker to evaluate risk and prognosis from oral squamous cell
carcinoma (OSCC).

Methods: For the present study, saliva obtained from 20 healthy patients, 15 patients with
oral leukoplakia (histopathologic diagnosis of hyperceratosis or severe dysplasia), 14 patients
that had OSCC and were free of disease for more than 5 years, and from 20 patients with
OSCC were collected. The ET-1 levels were quantified by means of ELISA.

Results: No statistical differences were observed in the salivary ET-1 levels among the
studied groups, even when patients with age superior to 65 years or with arterial hypertension
were removed from the sample analysis. Likewise, when the sample was divided by sex, no

statistical significance was observed among the four groups included in the study.

Conclusions: Taking into account the present results, salivary ET-1 expression was not found

to represent an efficient biomarker of either OSCC or oral leukoplakia.

DESCRIPTORS? Endothelin-1, oral cancer, squamous cell carcinoma, oral leukoplakia,

peptides, saliva.

> MeSH — Medical Subject Headings, available at: www.nlm.nih.gov/mesh
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1 INTRODUCAO

O carcinoma espinocelular bucal (CEB) é um dos tipos mais frequentes de cancer
atualmente. Em sua patogénese, estdo envolvidos fatores exégenos como, por exemplo, o
abuso de alcool e de fumo, além de alteragdes genéticas. Essas alteracBes conduzem a uma
desregulacéo protéica, afetando os ciclos de divisdo e diferenciacdo celular, o reconhecimento
imunoldgico, a invasdo tecidual e as metastases', estando essas também refletidas em graus

variaveis nas lesdes cancerizaveis?.

O termo leucoplasia pode ser usado para designar placas brancas de risco questionavel
para o cancer, excluindo outras lesdes brancas que reconhecidamente ndo apresentam tal
risco’. As alteragbes histopatolégicas correspondentes & leucoplasia podem variar de
hiperceratose e acantose a varios graus de displasia. Além disso, as lesdes leucoplasicas

podem evoluir para CEB, especialmente aquelas com alteracdes displasicas”.

MutagOes genéticas ocorridas durante a carcinogénese e invasdo do CEB podem ser
observadas por meio de marcadores celulares ou mudancas moleculares que sdo associadas a
estagios especificos da doenca. A expressdo e o padrdo do biomarcador podem estar
relacionados com o risco de transformacdo carcinogénica em lesdes benignas e com a

progressdo da doenca nos tumores®.

A deteccdo precoce do cancer € a alternativa mais efetiva na reducdo da morbidade e da
mortalidade causada por essa doenca. Assim, € necessario que novas ferramentas sejam
desenvolvidas para aprimorar o diagnéstico precoce. Tem sido sugerido que a identificacao de
biomarcadores em fluidos biologicos para predizer o desenvolvimento do cancer em estagios

iniciais ou em lesdes cancerizaveis tem uma aplicabilidade clinica significativa®.

Em 1985, Hickey et al.” detectaram um fator causador de contragdes na musculatura lisa,
produzido pelo endotélio. Trés anos mais tarde, essa substancia foi isolada por Yanagisawa et
al.® (1988) em uma cultura de células endoteliais de artérias de porcos, sendo entdo

denominada endotelina-1 (ET-1), em alusdo a sua origem celular.

A ET-1 é produzida principalmente pelas células endoteliais, sendo encontrada em varios
fluidos corporais, tais como saliva, leite, urina, fluido cerebroespinhal e plasma®. Esse

biomarcador tem sua expressdo aumentada em um grande nimero de neoplasias, como
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carcinoma de prostata, de pulmdo, de mama, hepatocelular, coloretal, assim como no
carcinoma de boca. Também afeta multiplos sistemas biologicos e esta envolvida na
patogénese de outras doencas, como hipertensdo arterial, hipertrofia vascular e do
miocérdio®®, doenca renal™, doencas do trato gastrointestinal alto*?, dentre outras.

Pickering et al.™®

(2007) analisaram os niveis de endotelina-1 na saliva de 8 pacientes
com diagnostico de CEB, previamente ao tratamento, por meio do método ELISA e de 8
pacientes saudaveis. Também avaliaram 8 fragmentos de bidpsia de CEB e 3 amostras de
epitelio normal por ELISA, 10 fragmentos de CEB por RT-PCR e um fragmento por
imunoistoquimica com anticorpo primario monoclonal de rato para ET-1. Comparando 0s
resultados de todos os grupos estudados, houve um aumento significante dos niveis de ET-1
nos pacientes com cancer. Embora os autores esperassem um aumento dos niveis salivares de
ET-1 resultante da sua secrecdo pela porcdo exposta do tumor na cavidade bucal, ndo foi
encontrada correlacdo entre o tamanho da superficie do tumor e a concentracdo salivar de ET-

1.

A andlise salivar € um método promissor para o diagnostico de muitas doencas, visto que
a saliva ¢ um fluido facilmente disponivel para coleta. A identificacdo e a analise de um
biomarcador salivar poderiam trazer beneficios para o diagndstico e controle de pacientes
com CEB, com historia prévia dessa doenca ou, ainda, para pacientes com lesdes

cancerizaveis e/ou expostos a fatores de risco para o cancer bucal.

O presente estudo compreende dois trabalhos apresentados sob a forma de artigos
cientificos. O primeiro artigo representa uma revisao da literatura sobre a relacédo entre a ET-1
e o cancer, com énfase no CEB. O segundo artigo descreve a parte experimental do estudo,
que teve como objetivo verificar os niveis de de ET-1 na saliva de pacientes portadores de
CEB antes do tratamento anti-neoplasico, em pacientes que ja tiveram CEB e estavam em um
periodo pds-tratamento e livres de doenca por, no minimo 5 anos, em pacientes portadores de
leucoplasia bucal com diagnostico histopatologico de hiperceratose a displasia leve a severa e,
comparar os valores encontrados para ET-1 nesses diferentes grupos de pacientes com 0s
valores encontrados para essa substancia nos pacientes saudaveis e ndo expostos a fatores de

risco para o cancer bucal aqui considerados (alcool e tabaco).



obj etivos
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2 OBJETIVOS

Objetivo geral

Verificar se a ET-1 salivar pode representar um biomarcador eficiente para avaliagdo de

risco e progndstico do carcionoma espinocelular bucal.

Objetivos especificos

a. Verificar os niveis de ET-1 na saliva de pacientes portadores de CEB antes do
tratamento anti-neoplésico.

b. Verificar os niveis de da ET-1 em pacientes que ja tiveram CEB e estavam em um
periodo pos-tratamento e livres de doencga por, no minimo 5 anos.

c. Verificar os niveis de da ET-1 na saliva de pacientes portadores de leucoplasia com
diagnostico histopatolégico de hiperceratose a displasia severa.

d. Comparar os valores encontrados para ET-1 salivar nos pacientes portadores de CEB
com os valores encontrados para essa substancia nos pacientes saudaveis e ndo expostos aos
fatores de risco para o cancer bucal (aqui considerados alcool e tabaco), bem como com os

outros grupos incluidos no estudo.
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3 ARTIGO DE REVISAO

O artigo a seguir intitula-se “Endothelins and their receptors as biological markers
for oral cancer” e foi formatado de acordo com as normas do periédico Oral Oncology
(Fator de impacto 2,928, Qualis Al internacional).
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Abstract:

Oral squamous cell carcinoma (OSCC) is one of the most common malignancies
recognized nowadays, and represents a public health problem. Its early detection is the best
alternative to provide a good quality of life for the patients. During the last years, several
studies have identified potential biomarkers of OSCC progression and prognosis. Endothelins
and their receptors are involved in several pathophysiological conditions and in various
cancer types. The present review article discusses whether the endothelin system would
represent a biomarker for OSCC.

Keywords: oral cancer, endothelin-1, peptides, prognostic factor.
Abbreviations: OSCC, Oral squamous cell carcinoma; ET-1, Endothelin-1; ET-2, Endothelin-

2; ET-3, Endothelin-3; ETs, Endothelins; ECE, Endothelin-converting enzyme; ETaR,
Endothelin Receptor A; ETgR, Endothelin Receptor B.
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Oral Squamous Cell Carcinoma

Oral squamous cell carcinoma (OSCC) represents a serious public health problem, and
its early detection and prevention remains the most effective solution to avoid patient
mutilation or death. The treatment comprises surgery, in combination to radiotherapy, and less
frequently chemotherapy.

Malignant changes in oral mucosa are likely caused by mutations of genes implicated in
cellular growth regulation, leading to increased cell proliferation, abnormal keratinization,
epithelial dysplasia, increased cell motility and angiogenesis*?. Oral cancer is linked to
genetic and epigenetic alterations that lead to protein deregulation, compromising cell
division, differentiation, immune recognition, tissue invasion and metastasis. During the last
years, several studies have identified potential biomarkers of OSCC progression and

prognosis® > *°. However, additional studies on this regard are still needed.
Endothelins

In 1985, Hickey et al.® detected an endothelium-derived factor with contractile effects on
the smooth muscle. In 1988, this substance was isolated by Yanagisawa et al.” from cultured
pig arterial endothelial cells and was called endothelin-1 (ET-1). This is a peptide composed
by 21 amino acids, 2 disulphide bonds, between amino acids 1 and 15, and 3 and 11.
Endothelin is generated by cleavage of the pre-pro-endothelin precursor, by means of specific
endopeptidases, resulting in big endothelin (with 39 amino acids). Big endothelin is then
converted to endothelin by of the action of an endothelin-converting enzyme (ECE)’.

Endothelins comprise a family of three small peptides: ET-1, ET-2 (with similar structure
of ET-1) and ET-3" 2. ET-1 is expressed primarily by endothelial cells, ET-2 in kidney and
intestine, whereas ET-3 is found mainly in the brain®. ET-1 is the principal isoform in the
cardiovascular system, and remains the most potent and long-lasting constrictor of human
vessels discovered until now® °. ET-1 is mainly produced by endothelial cells, vascular
smooth muscle cells, and to a lesser extent by astrocytes and neurons, Sertoli cells, mesangial
cells, and hepatocytes™.

Endothelins exert their effects by binding to cell-surface receptors, namely ET-A (ETaR)
and ET-B (ETgR). Both receptors belong to the G-protein-coupled receptor super-family® *:
1213 ET_A receptor binds ET-1 with 10-times greater affinity than ET-3, whereas ET-B
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receptor binds all three endothelins with similar affinity. Most ET-1 effects are mediated via
interaction with ET-A receptor'.

ET-peptides are mainly involved in regulation of the vascular system, but also in the
genesis of cardiovascular diseases, such as hypertension, cardiac hypertrophy, and remodeling
in the case of heart failure™ > *°. Besides, they play a seminal role in the atherogenic process

16.17 "in pulmonary hypertension, and acute or chronic renal failure *>** . Interestingly, ET-1

stimulates nociceptors and sensitizes them to painful stimuli*®?°,

Not many studies have evaluated relevance of endothelins in the oral cavity milieu. Ansai
et al. (2002)?! analyzed the expression of ET-1 in gingival epithelial cells from adult patients
with periodontitis. They have identified an increase of ET-1 expression in samples obtained
from infected individuals. Similar results were observed by Yamamoto et al. (2003)* in
inflamed gingival tissues obtained from patients with periodontal disease. Therefore,
endothelins and their receptors are likely implicated in several relevant diseases, including
those of the oral cavity, representing possible rational targets for developing new therapeutic

alternatives.

Endothelin-1 and Cancer

All components of the endothelin system appear to contribute to tumor growth and
progression in a number of cancer types, such as prostatic, ovarian, renal, pulmonary,
colorectal, cervical, breast, bladder, endometrial carcinoma, brain tumor, melanoma and
OSCC *2% 2% Some relevant literature evidence on this matter is presented below.

Expression of endothelins and their receptors is associated with high grade, aggressive
breast tumors, as well invasion and metastasis. There are increased systemic levels of
endothelins in patients with lymph node metastases. The mechanisms by which endothelins
induce an invasive phenotype include the interaction between the tumor cells, the infiltrating
macrophages and the breast tumor microenvironment. This complex interaction leads to
modulation of matrix metalloproteinase (MMP) activity, cytokine expression, immune
infiltrate activation, apoptosis and expression of endothelins themselves®® 2°. Alanen et al.
(2000)?” found a significant elevation of ET-1 immunopositivity in breast carcinomas
compared to normal tissues. Guise et al. (2003)** identified three breast cancer lines that cause
osteoblastic metastases in female nude mice, and provided evidence that tumor-produced ET-

1 mediates the osteoblastic response. They observed that ET-1stimulates osteoblast
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proliferation and new bone formation, and these effects were blocked by selective ET AR, but
not ETgR antagonists.

Ishibashi et al. (1993)?® compared plasma ET-1 and big ET-1 levels between 30 patients
with hepatocellular carcinoma, and 29 patients with cirrhosis, using 34 healthy patients as
control. The ET-1 and big ET-1 concentrations were significantly higher in patients with
hepatocellular carcinoma, than in patients from the control group. From 29 patients with
cirrhosis, 4 presented a moderate elevation of big ET-1, in relation to the control group®.

Noteworthy, Lam et al. (2004)* analyzed the presence of salivary immunoreactive ET-1
in patients with upper gastrointestinal diseases, compared with patients with a normal
esophagogastroduodenoscopy. The salivary concentrations of ET-1 were significantly higher
in patients with gastric ulcers, duodenal ulcers and gastritis, than in patients with normal
exams. Significant differences in ET-1 levels were not found between patients with normal
esophagogastroduodenoscopy and patients with esophagitis or gastric cancer, as between men
and women or among different ages.

More recently, Jiao et al. (2007)* investigated the effects of ET-1 in the invasion of
esophageal cancer, and evaluated cathepsin B activity and expression: ET-1 may enhance the
invasive ability of human esophageal cancer cells, and this is correlated with cathepsin B
activity, a kind of cysteine protease that participates in the proteolytic degradation of the
cellular matrix. The same authors demonstrated a significant elevation of ET-1 production, as
well as an association between plasma big ET-1 levels and disease stage, invasion depth,
lymph node status, recurrence, and survival rate®’.

ET-1 and ET receptors are also likely involved in lung cancer®. Zhang et al. (2008)*
studied the implication of ET-1 on cell proliferation in human lung adenocarcinoma. They
proposed that ET-1 acts as an autocrine growth factor, enhancing cell proliferation via ET AR
activation.

To test the hypothesis that ET-1 is important to lung metastasis, Titus et al. (2005)*
injected lung metastatic bladder carcinoma cells in mice treated with a selective ETAR
antagonist, Atrasentan. ETaAR antagonism resulted in a reduction of lung metastases,
suggesting that this might represent a new therapeutic target to prevent lung metastases.

ET-1 appears also to be involved in prostatic cancer. Cella et al. (2006)* performed a
meta-analysis about the influence of Atrasentan, a selective ET AR antagonist, in the hormone-
refractory prostate cancer. Data revealed beneficial effects in the life quality of metastatic

hormone-refractory prostate cancer patients, under treatment with Atrasentan.
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Lahav (2005)* studied the relation between ETgR and melanoma: this study proposed
that ETgR is a good biomarker of melanoma progression, and its specific antagonist BQ788 is
able to inhibit the growth of human melanoma cell lines. Lan et al. (2005)*" demonstrated that
elevated ET-1 levels are related to hyperpigmentation in basal cell carcinoma. Finally, Berger
et al. (2006)* investigated the role of ET-1 axis in the proliferation and/or apoptosis of human
melanoma cells lines and the action of Bosentan, a dual ET a/g-receptor antagonist. ET-1 is not
a growth factor for human melanoma cells, but ET receptor blockade decreases cell
proliferation, induces apoptosis, and potentiates the effects of classical anticancer agents.

It has been proposed that ET-1 plays a critical role in ovarian carcinoma progression® **
40. 4142 For instance, ET-1 and ETaR are both overexpressed in primary and metastatic
ovarian carcinoma, and high levels of ET-1 are detectable in patient ascites, suggesting that
ET-1 might promote tumor dissemination. Moreover, ET-1 enhances the secretion of MMPs,
disrupts intercellular communications, and stimulates cell migration and invasion in ovarian
cancer cells. Besides, ET-1 has the ability to promote epithelial to mesenchimal transition, a
metastasis process involving sustained loss of epithelial markers and gain of mesenchimal

characteristics *°,

Endothelin-1 and Oral Cancer

There is convincing data indicating the involvement of endothelin system in OSCC.
Awano et al. (2006)* investigated the expression and distribution of ET-1, its receptors
(ETAR and ETgR), and the isoforms of its specific converting enzyme (ECE-1a, 1b, 1c) in
OSCC. They concluded that ET-1, ETAR and ETgR and ECE-1 isoforms are overexpressed in
OSCC, and that ET-1 acts as a survival factor to induce proliferation via ETAR and ETgR.
Furthermore, inhibiting ECE-1 activity either by siRNA or an ECE-specific inhibitor
effectively reduced the proliferation of OSCC in vitro.

Pickering et al. (2007)* analyzed the salivary ET-1 levels in 8 patients with OSCC prior
to the treatment, in comparison to 8 healthy patients. The statistical comparison among the
studied groups, revealed a significant increase in ET-1 levels in saliva of patients with cancer.
An increase in salivary ET-1 levels in oral cancer patients could be expected as a result of
secretion by the portion of the carcinoma exposed to the oral cavity. In spite of that, no
correlation was found between the tumor surface size and the salivary ET-1 concentration.

As discussed before, ET-1 plays a critical role in a number of painful conditions, as it

directly sensitizes nociceptors. Moreover, the administration of ET receptor antagonists might
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be effective for pain relief*® *’. Pickering et al. (2008)*® described the effects of ET-1 in pain
alterations induced by OSCC and oral melanoma in tumor mouse models. They concluded
that elevation of ET-1 concentrations induced by the tumor is a determinant factor for pain
magnitude.

Schmidt et al. (2007)*® demonstrated a significant elevation in the levels of ET-1 in
HSC3 cells, a lineage obtained from human OSCC . The intra-tumoral administration of the
selective ETAR antagonist BQ-123 had an analgesic effect similar to that observed with
morphine in a mouse model of OSCC. More recently, Quang et al. (2010)*° investigated
whether ETAR antagonism affects endogenous opioid secretion in mouse OSCC comparing
with normal tissue. They used RT-PCR to quantify the ET-1 and ETaR levels: ET-1 levels in
OSCC cells were two-fold increased in comparison to normal oral keratinocytes, whereas the
ETgR levels were significantly lower in cancer. The treatment with ET AR antagonist BQ-123
induced a greater production of B-endorphin and leu-enkephalin, indicating that analgesic
effects of this antagonist are related to the stimulation of endogenous opioids. On the other
hand, the same authors® demonstrated that ETgR agonist BQ-3020 induced the secretion of
B-endorphin in OSCC cell culture and its intra-tumor injection presented an antinociceptive
effect, while treatment with the ETgR antagonist BQ-788 had no effect. They have also found

an elevated expression of ET-1 in OSCC, in comparison to normal oral keratinocytes.
Endothelins as possible targets for cancer treatment

For the endothelin receptors, a series of antagonists with either selectivity for ET AR or
ETgR, or mixed antagonists are available, and they might well represent promising
alternatives for cancer treatment™. Strikingly, in clinical studies, ETAR antagonists can be
administered orally and have a favorable tolerability profile®.

ETAR activation by ET-1 largely contributes to tumor growth and progression, inducing
cell proliferation, survival, angiogenesis and metastatic spread, indicating that ETaR

antagonism might improve cancer treatment*® >

. ET-1, by acting via ETgR, modulates
different stages of neovascularization. ET-1 can also modulate tumor angiogenesis indirectly,
through induction of vascular endothelial growth factor (VEGF). Activation of ETAR by ET-1
induces VEGF production by increasing the levels of hypoxia-inducible-factor 1a. Moreover,
tumor cells themselves, predominantly those expressing the ET AR, might form vessel-like
channels>. Endothelin receptor antagonists can potentially reduce angiogenesis by inhibiting

endothelial cell mitogenesis, whereas they might also prevent the production of MMPs from
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macrophages, indicating an anti-apoptotic effect for endothelins®. Blockade of ET-1
receptors can sensitize human tumor cells to apoptosis®. Therefore, it is tempting to infer that
blocking ET receptors, especially ETAR, might be a useful alternative as an adjuvant
treatment of OSCC. A scheme regarding the involvement of endothelins and their receptors in
OSCC is provided in Figure 1.

Cell Proliferation

ET-1

OSCC
Environment

ET-1

ET-1

Survival

SIS9UAS 013y

T-Ld

Metastasis

Figure 1. Scheme indicating the possible implication of ET-1 and their receptors in OSCC.
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4 ARTIGO EXPERIMENTAL

O artigo a seguir intitula-se “Evaluation of Salivary Endothelin-1 Levels in Oral
Squamous Cell Carcinoma and Oral Leukoplakia” e foi formatado de acordo com as
normas do periédico Regulatory Peptides (Fator de impacto 2,276, Qualis A2 internacional).
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Title: Evaluation of Salivary Endothelin-1 Levels in Oral Squamous Cell Carcinoma and Oral

Leukoplakia

Abstract

Oral squamous cell carcinoma (OSCC) is the most frequent malignant neoplasia of the
oral cavity, which largely compromises the patient’s life quality. Therefore, the identification
of biomarkers for this kind of cancer is essential to provide a better diagnosis and prognosis
for patients. Endothelin-1 is a peptide produced mainly by endothelial cells, and might be
found in several body fluids, such as saliva, milk, urine, cerebrospinal fluid and plasma. It has
been demonstrated that expression of this peptide is increased in a great number of neoplasias,
including oral carcinoma. The identification of salivary biomarkers would be a useful tool for
scanning and monitoring patients with risk of developing OSCC, as well to early detect
recurrence, or the formation of a new primary tumor. In the present study, we have analyzed
the levels of endothelin-1 in saliva obtained from patients with OSCC or oral leukoplakia, in
comparison to healthy control patients. This study also evaluated the salivary ET-1 levels in
patients with complete remission of OSCC. The results revealed no statistical difference in
salivary endothelin-1 levels, neither in OSCC nor in oral leukoplakia, even when conditions
such as elderly, sex and hypertension were taken into consideration. Although, ET-1 might
display an important role in OSCC, its levels in saliva do not seem to be a good marker of

neoplasias grade or malignant transformation.

Keywords: Oral cancer, oral squamous cell carcinoma, leukoplakia, endothelin, saliva.

Abbreviations: OSCC, Oral squamous cell carcinoma; ET-1, Endothelin-1; ET-2, Endothelin-

2; ET-3, Endothelin-3; ETs, Endothelins; ECE, Endothelin-converting enzyme; ETAaR,
Endothelin Receptor A; ETgR, Endothelin Receptor B.
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Introduction

Oral squamous cell carcinoma (OSCC) represents a great public health problem and its
early detection and prevention are the most effective solution to decrease morbidity associated
with treatment and to improve overall long-term survival. Due to the absence or unclear early
signs or symptoms for most of head and neck cancers, sensitive and specific biomarkers
would be useful for screening high-risk patients™ 2.

The term leukoplakia is currently used to define white plaques of questionable risk, after
excluding other known diseases or disorders that carry no increased risk for cancer®. The
histopathological alterations corresponding to leukoplakia could vary from hyperkeratosis and
acanthosis to many degrees of dysplasia and even carcinoma. Furthermore, leukoplakia
lesions might evolve to squamous cell carcinoma, especially those associated to dysplasia®.

Malignant changes in oral mucosa are likely caused by mutations of genes implicated in
cellular growth regulation, leading to increased cell proliferation, abnormal keratinization and
epithelial dysplasia. There is also an increase of cell motility and angiogenesis®. The
transformation suffered by the oral mucosa in the premalignant lesions and OSCC has been
correlated to the chronic exposure to agents such as tobacco, betel nut and alcohol®. During
the last years, several studies have identified potential biomarkers of OSCC progression and
prognosis>. however, additional studies on this regard are still needed.

Endothelins comprise a family of three small peptides: ET-1, ET-2 and ET-3" &.
Endothelins exert their effects by binding to cell-surface receptors, namely ET-A and ET-B.
Both receptors belong to the G-protein-coupled receptor super-family, with seven
transmembrane-spanning domains® * 1% -2, Noteworthy, most ET-1 effects are mediated via
interaction with ET-A receptor™.

The ET axis displays a series of important physiological roles, including the modulation
of vasomotor tone, tissue differentiation and development, cell proliferation and hormone
production®®. It has been well demonstrated that ET-1 promotes growth and progression in a
variety of tumors, comprising OSCC!" ** 7 Of high relevance, Awano et al. (2006)*
investigated the participation of ET-1 and its receptors (ETaR and ETgR), and the isoforms of
its specific converting enzyme (ECE-1a, 1b, 1c) in cell OSCC proliferation. They concluded
that ET-1, ETAR and ETgR and ECE-1 isoforms are overexpressed in OSCC, and that ET-1
acts as a survival factor to induce proliferation via ETAR and ETgR. Furthermore, inhibiting
ECE-1 activity either by siRNA or using an ECE-specific inhibitor effectively reduced
proliferation of OSCC™®.
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The salivary analysis of ET-1 by ELISA is a simple and non-invasive method that has
been used in the control and evaluation of many diseases, and might represent a valuable tool
for the study of oral diseases. In this regard, a recent study conducted by Pickering et al.
(2007)*° analyzed the salivary ET-1 levels in 8 patients with oral squamous cell carcinoma
prior to the treatment, in comparison to 8 healthy patients, demonstrating a significant
increase of ET-1 levels in patients with cancer. In the present study, we have evaluated the
salivary levels of endothelin-1 in patients with OSCC, in comparison to patients with oral
leukoplakia and patients with complete remission of cancer for more than 5 years, by means
of ELISA. Attempts have also been made to correlate the salivary expression of ET-1 to some

factors such as elderly, sex and hypertension.

Patients and Methods

Ethical concerns

Patients were recruited from the Stomatology Service of Sdo Lucas Hospital, Pontificia
Universidade Catdlica do Rio Grande do Sul. Informed consent was obtained from all patients
included in the study. The experimental protocols were approved by The Institutional Ethics
Committee (Protocol number 08/04260).

Distribution of groups

The experimental groups were divided as follows:

Group 1: 20 patients without premalignant lesions or neoplasias, not exposed to alcohol
and tobacco, and paired by sex and age with the patients of Group 4.

Group 2: 14 patients with oral leukoplakia - histopathological diagnosis of hyperkeratosis
(10 patients), mild to moderate dysplasia (03 patients), and severe dysplasia (01 patient).

Group 3: 15 patients with a previous history of OSCC that had been treated by any
modality of treatment (surgery, chemoterapy or radiotherapy), and are free of disease by 5
years or more;

Group 4: 20 patients with histopathological diagnosis of OSCC before the treatment.
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Demographic characteristics

The demographic features of the studied population are shown in Table 1. The age of
patients included in the study ranged between 32 and 89 years-old and the general male:
female ratio was 2:1. Data regarding tumor localization is provided in Table 2. As it can be
observed, the most prevalent tumor localizations were the tongue and the floor of the mouth,

accounting for 60 % of carcinomas.

Table 1

Demographic distribution of patients within the studied groups

Group 1 Group 2 Group 3 Group 4

Control Leukoplakia Cured Carcinoma
patients
Age range 32-78 35-70 51-89 33-79
Mean age 59,1 52,6 69 59,3
Sex ratio (M:F) 2:1 1:2 3:1 2:1
Male 14 5 11 14
Female 6 9 4 6

Table 2

Localization of tumors in patients include in the Group 4

Site Patients (n)

Tongue 6
Lower lip

Floor

2
6
Buccal mucosa 3
Gingiva 2

1

Soft palate

Procedures for saliva collection and ET-1 levels determination

For saliva collection, the patients were without feeding or smoking for at least 1 h.
Firstly, the patients carried out a mouth wash with water. Next, they were instructed to rest in

the seated position for 5 min. Saliva was collected in 5-ml graduated recipients, and
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immediately stored at -70°C for posterior analysis. ET-1 levels were quantified by ELISA
technique according to manufacture’s recommendations (Biomedica Gruppe, Vienna,
Austria). The results were expressed as fmol of ET-1 per ml of saliva, as calculated from a

standard curve.

Statistical analysis

The results are presented as the mean + standard error of the mean (s.e.m.) of 14 to 20
patients per group. Statistical comparison of data was performed by one-way analysis of
variance (one-way ANOVA) followed by Tukey’s test. P-values less than 0.05 (P < 0.05)

were considered as indicative of significance.

Results

Salivary endothelin levels

The salivary levels of ET-1 ranged from 0 to 9.629 fmol/ml, in the group 1; from O to
9.453 fmol/ml, in the group 2; between 0.321 and 8.252 fmol/ml, in the group 3, and finally
from O to 7.554 fmol/ml, in the group 4. We have compared the levels of ET-1 in saliva
samples obtained from patients within the groups 1, 2, 3 and 4. The obtained results revealed
no statistical difference among the groups, as indicated by One-Way ANOVA followed by
Tukey’s test (P > 0.05) (Figure 1).

To assess whether the salivary expression of ET-1 might vary due to some factors such
as elderly, sex and hypertension, new series of statistical analysis were performed considering
these variables. This evaluation showed no significant difference among groups 1 to 4, either
when patients with hypertension (Figure 2A) or patients with age above 65 years were
removed from the sample (Figure 2B) (One-Way ANOVA followed by Tukey’s test; P >
0.05). Furthermore, no significant difference was observed between males and females
(Figure 3) (One-Way ANOVA followed by Tukey’s test; P > 0.05).
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Figure 1: ET-1 in saliva from healthy patients, patients with oral leukoplakia, patients with

previous history of OSCC and cured for more than 5 years and patients with OSCC.
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Figure 2: ET-1 salivary levels after excluding patients with hypertension history (A) or with

age above 65 years (B) from the Groups 1 to 4.



43

a
a

» v
-
i T

N
N

Endothelin-1 (fmol/ml)
w
Endothelin-1 (fmol/ml)
w
s

-
-
n

>
>

Figure 3: ET-1 salivary levels in males (A) and females (B) from the Groups 1 to 4.

Discussion

Endothelin is a multifunctional peptide with cytokine-like activity that affects almost all
aspects of cell function®. ET-1 is likely involved in many kinds of tumors*™ *> &7 In this
way, some authors found an elevation of ET-1 concentration in OSCC'® 1% 2% 22 23 The
present study was designed to evaluate the salivary levels of endothelin-1 in patients with
OSCC, in comparison to patients with oral leukoplakia or in patients with complete remission
of OSCC for more than 5 years, by means of ELISA.

Awano et al. (2006)*® investigated the expression and distribution of ET-1, its receptors
(ETAR and ETgR), and the isoforms of its specific converting enzyme (ECE-1a, 1b, 1c) in
OSCC. They concluded that ET-1, ETAR and ETgR and ECE-1 isoforms are overexpressed in
OSCC, and that ET-1 acts as a survival factor to induce proliferation via ETAR and ETgR.
Furthermore, inhibiting ECE-1 activity either by siRNA or an ECE-specific inhibitor
effectively reduced the proliferation of OSCC in vitro. In addition, Schmidt et al. (2007)%
demonstrated a significant elevation in the levels of ET-1 in HSC3 cells, a lineage obtained
from human OSCC . These pieces of evidence are clearly indicative of a relevant role for the
endothelin system in oral cancer.

Determination of biological markers in saliva constitutes a non-invasive method, which

might be an effective modality for diagnosis and for prognosis of oral cancer, as well as for
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monitoring post-therapy status* *°. Noteworthy, the salivary analysis of the ET-1 has been
already used in the control and evaluation of many diseases. For instance, Xiang et al.
(2003)% have investigated the physiologic determinants of ET-1 in saliva obtained from
healthy and chronic heart failure patients. The ideal storage temperature of saliva was found
to be -80°C. Furthermore, the ET-1 concentration was higher when saliva was collected in
seated rest patients, in relation to patients in the supine position, whereas there was no clear
indication of diurnal variation in salivary ET-1 concentrations.

In a recent study, Pickering et al. (2007)*° analyzed the salivary ET-1 levels in 8 patients
with OSCC prior to the treatment, in comparison to 8 healthy patients, by using ELISA assay.
Data revealed a significant increase in ET-1 levels in saliva of patients with cancer. In our
study, we have adopted the conditions recommended by Xiang et al. (2003)% for both
collecting and storing saliva. However, different from data described by Pickering et al.
(2007)*°, we have not found any significant difference between control and OSCC patients.
Several different factors might be related to that discrepancy, including the sample size that
was composed by 20 patients in each group in the present study. Furthermore, in our study,
we have also analyzed the ET-1 salivary levels in 14 patients with oral leukoplakia and in 15
patients with a previous history of OSCC that had been cured. Again, no significant difference
was observed among the groups. Additionally, other factors might be pointed out to explain
the differences between our results and that from literature data, such as the presence of
periodontal disease, traumatic lesions, dietary factors, the tumor stage or even the previous
radiotherapy treatment in the group 3.

It is well described that ET-1 is largely implicated in vascular-related alterations such as
hypertension and ageing® ?’. Therefore, we wondered if the absence of significance in our
study could be related to other factors that would influence ET-1 salivary levels. For that
reason, we decided to separate patients according to age (65 years and older individuals), sex
and hypertension history. Again, there was no significant difference among the groups,
discarding the hypothesis of the influence of the above mentioned systemic variations in our
results. Corroborating our data, Lam et al. (2004)?® did not found significant difference in
salivary immunoreactive ET-1 among healthy patients and patients with esophagitis or gastric
cancer, even when considering sex or age, according to assessment by radioimmunoassay.
Therefore, although ET-1 might display an important role in OSCC, its levels in saliva do not
seem to be a good marker of neoplasias grade or malignant transformation. Further studies
with a greater sample are required to solve the reasons for the different outcomes between

previous literature data and our results.



45

Acknowledgements

R.R.H is a PhD student in Dentistry supported by CAPES (Coordenacdo de
Aperfeicoamento de Pessoal de Nivel Superior). We would like to thank Mr. Juliano Soares
for the excellent technical assistance.

References

1. Peacock ZS, Pogrel MA, Schmidt BL. Exploring the reasons for delay in treatment of oral
cancer. J Am Dent Assoc 2008; 139(10):1346-52.

2. Martorell-Calatayud A, Botella-Estrada R, Bagan-Sebastian JV, Sanmartin-Jimeénez O,
Guillén-Barona C. La leucoplasia oral: definicién de parametros clinicos, histopatolégicos y
moleculares y actitud terapéutica. Actas Dermosifiliogr 2009; 100:669-84.

3. Warnakulasuriya S, Johnson NW, Van Der Wall. Nomenclature and classification of
potencially malignant disorders of the oral mucosa. J Oral Pathol Med 2007; 36:575-80.

4. van der Waal I, Axéll T. Oral leukoplakia: a proposal for uniform reporting. Oral Oncol
2002; 38:521-6.

5. Girod SC, Pfeiffer P, Ries J, Pape H-D. Proliferative activity and loss of function of tumour
supressor genes as “biomarkers” in diagnosis and prognosis of benign and preneoplastic oral
lesions and oral squamous cell carcinoma. Br J Oral Maxillofac Surg 1998; 36:252-60.

6. Mithani SK, Mydlarz WK, Grumbine FL, Smith IM, Califano JA. Molecular genetics of
premalignant oral lesions. Oral Dis 2007; 13:126-33.

7. Yanagisawa M, Kurihara H, Kimura S, Tomobe Y, Kobayashi M, Mitsui Y et al. A novel
potent vasoconstrictor peptide produced by vascular endothelial cells. Nature 1988; 332:411-
5.

8. Levin E R. Endothelins. N Eng J Med 1995; 333:356-63.

9. Kusserow H, Unger T. Vasoacitive peptides, their receptors and drug development. Basic
Clin Pharmacol Toxicol 2004; 94:5-12.

10. Motte S, Mcentee K, Naeije, R. Endothelin receptor antagonists. Pharmacol Ther 2006;
110:386-414.

11. Bhalla A, Haque S, Taylor I, Winslet M, Loizidou M. Endothelin receptor antagonism and
cancer Eur J Clin Invest 2009; 39(S2): 74-77.


javascript:AL_get(this,%20'jour',%20'J%20Am%20Dent%20Assoc.');

46

12. Watts SW. Endothelin receptors: what’s new and what do we need to know? Am J Physiol
Regul Integr Comp Physiol 2010; 298(2):R254-60.

13. Guise TA, Yin JJ, Mohammad KS. Role of endothelin-1 in osteoblastic bone metastases.
Cancer 2003; 97(S3): 779-84.

14. Russo A, Bronte G, Rizzo S, Fanale D, Di Gaudio F, Gebbia N et al. Anti-endothelin
drugs in solid tumors. Expert Opin Emerg Drugs 2010: 15(1): 27-40.

15. Bagnato A, Spinella F, Rosano L. Emerging role of the axis in ovarian tumor progression.
Endocr Relat Cancer 2005; 12: 761-772.

16. Bagnato A., Spinella F., Rosano L. The endothelin axis in cancer: the promise and the
challenges of molecularly target therapy. Can J Physiol Pharmacol 2008; 86: 473-84.

17. Bagnato A, Rosano L. The endothelin axis in cancer. Int J Biochem Cell Biol 2008; 40:
1443-51.

18. Awano S, Dawson LA, Hunter AR, Turner AJ, Usmani BA. Endothelin system in oral
squamous carcinoma cells: Specific sSIRNA targeting of ECE-1 blocks cell proliferation. Int J
Cancer 2006; 118: 1645-52.

19. Pickering V, Jordan RCK, Schmidt BL. Elevated salivary endothelin levels in oral cancer
patients — a pilot study. Oral Oncol. 2007 Jan; 43(1):37-41.

20. Barton M, Yanagisawa M. Endothelin: 20 years from discovery to therapy. Can J Physiol
Pharmacol 2008; 86:485-98.

21. Pickering V, Gupta RJ, Quang P, Jordan RC, Schmidt BL. Effect of peripheral endothelin-
1 concentration on carcinoma-induced pain in mice. Eur J Pain 2008; 12(3):293-300.

22. Schmidt BL, Pickering V, Liu S, Quang P. Dolan J, Connelly ST, Jordan RC. Peripheral
endothelin A receptor antagonism attenuates carcinoma induced pain. Eur J Pain 2007; 11:
406-414.

23. Quang PN, Schmidt BL. Peripheral endothelin B receptor agonist-induced antinociception
involves endogenous opioids in mice. Pain 2010; 149(2):254-62.

24. Nagler RM. Saliva as a tool for oral cancer diagnosis and prognosis. Oral Oncol 2009;
45:1006-10.

25. Shpitzer T, Bahar G, Feinmesser R, Nagler RM. A comprehensive salivary analysis for
oral cancer diagnosis. J Cancer Res Clin Oncol 2007; 133(9):613-7.

26. Xiang S, Denver R, Bailey M, Krum H. Physiologic determinants of endothelin
concentrations in human saliva. Clin Chem 2003; 49(12): 2012-19.

27. Gossl M, Lerman A. Endothelin: beyond a vasoconstrictor. Circulation 2006;
113(9):1156-8.



47

28. Lam H-C, Lo G-H, Lee J-K, Lu C-C, Chu C-H, Sun C-C et al. Salivary immunoreactive
endothelin in patients with upper gastrointestinal diseases. J Cardiovasc Pharmacol 2004,
44(S1):S413-7.



Dlscussiio Geral



49

5 DISCUSSAO GERAL

O carcinoma espinocelular bucal é uma das neoplasias mais prevalentes nos dias atuais e
continua sendo causador de mortes e mutilacdes pelo seu diagndstico tardio. A prevencao e a
deteccdo precoce desse tipo de neoplasia é a alternativa com melhores resultados quanto a
qualidade e a expectativa de vida dos pacientes acometidos por essa doenca.

As leucoplasias correspondem a placas brancas de risco questiondvel para o cancer, em
especial as que apresentam alteragdes displéasicas® *. As transformacdes ocorridas na mucosa
bucal em lesbes cancerizaveis e no CEB tém sido correlacionadas a exposi¢do cronica a
agentes exdgenos, como o tabaco e o &lcool’.

Nos dltimos anos, muitos estudos tém identificado potentes biomarcadores para
diagnostico, progressao e progndstico das lesdes ditas cancerizaveis e do CEB. Dessa forma, a
ET-1, que é um peptideo envolvido em muitas fungdes celulares e presente em um grande
nimero de tumores™ 1> 181718 foj também estudada por alguns pesquisadores no CEB* 1*
20.21,22.23 0 presente estudo teve como objetivo avaliar os niveis salivares de endotelina-1 em
pacientes com CEB, em pacientes com leucoplasia, em pacientes com cura de CEB por mais
de 5 anos e em um grupo de pacientes saudaveis, comparando os valores obtidos entre 0s
grupos, através do metodo de ELISA.

Awano et al.*°

(2006) investigaram a expressdo e a distribuicdo da ET-1, seus receptores
(ETAR e ETgR), e isoformas da enzima conversora de endotelina (ECE-12, 1b, 1c) em CEB.
Como conclusdes encontraram um aumento da expressdo dessas substancias no CEB e,
também, que a ET-1 atua como um fator de sobrevivéncia induzindo a proliferacdo via ETaAR
e ETgR. Aléem disso, a inibicdo da atividade da ECE-1, tanto pelo siRNA, quanto pelo
inibidor especifico de ECE reduziram a proliferacdo do CEB in vitro. Em 2007, Schmidt et
al.?! também demonstraram uma elevacéo nos niveis de ET-1 em células da linhagem HSC3,
obtidas a partir de CEB humano. Da mesma forma, nos estudos de Quang et al. (2010) ?* %,
0s niveis de ET-1 estavam aumentados em células oriundas de CEB, em relacdo a
ceratindcitos bucais normais. Esses estudos sdo indicativos da presenca de uma relacdo entre
ET-1e CEB.

A pesquisa de marcadores salivares constitui um meétodo ndo-invasivo, podendo ser
efetivo no diagnostico e prognéstico do cancer bucal, assim como para 0 acompanhamento
dos pacientes apés o tratamento®” *°. A anélise salivar da ET-1 j4 é utilizada no controle e

avaliacdo de algumas doencas. Um exemplo disso é o estudo de Xiang et al.?® (2003), onde os
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determinantes fisioldégicos da ET-1 na saliva obtida de um grupo de pacientes saudaveis e de
um grupo de pacientes com insuficiéncia cardiaca cronica foram estudados. De acordo com 0s
autores, fatores como a temperatura de armazenamento da saliva podem alterar a
concentracdo de ET-1, sendo a temperatura ideal na faixa dos -80°C. Além disso, a maior
concentracdo de ET-1 foi encontrada em pacientes que tiveram sua saliva coletada quando
sentados, em relagdo a pacientes na posi¢do supina, enquanto que ndo houve uma clara
indicacdo de variagdo circadiana desse peptideo na saliva.

Em 2007, Pickering et al.*® (2007) analisaram os niveis de ET-1 na saliva de 8 pacientes
com CEB previamente ao tratamento, em comparacdo a 8 pacientes saudaveis, por meio do
método ELISA. Os dados obtidos revelaram um aumento significante dos niveis de ET-1
salivar nos pacientes com cancer. No presente estudo, foram adotadas as condicOes

recomendadas por Xiang et al.?°

(2003) para coleta e armazenamento de saliva. Entretanto,
diferentemente dos resultados descritos por Pickering et al.** (2007), no trabalho aqui
apresentado ndo foram encontradas diferencgas significativas entre os niveis de ET-1 salivar
dos pacientes com cancer e os do grupo controle. Muitos fatores podem estar relacionados a
essa diferenca, incluindo o tamanho da amostra que foi de 20 pacientes em cada grupo no
presente estudo. Adicionalmente, foi analisada a concentracdo de ET-1 na saliva de 14
pacientes com leucoplasia oral e na de 15 pacientes com historia prévia de CEB, curados ha
mais de cinco anos. Novamente, nenhuma diferenca estatisticamente significativa foi
observada entre os grupos. Outros fatores poderiam estar relacionados a estas diferencas, tais
como a presenca de doencas infecciosas, Ulceras traumaticas, dieta, estadiamento tumoral,
entre outros.

A falta de significancia estatistica neste estudo poderia estar relacionada a outros fatores
capazes de interferir sobre os niveis de ET-1 salivar. Com base nesta suposicdo, 0s pacientes
foram separados de acordo com a idade (abaixo de 65 anos e acima desta idade), sexo e
historico de hipertensdo arterial. lgualmente, ndo houve diferenca significativa entre os
grupos, descartando a hipdtese de que essas variantes pudessem interferir nos resultados aqui
apresentados. Essa estratégia foi adotada, levando-se em consideracdo as alteracGes
vasculares que ocorrem no envelhecimento e na hipertensdo, que podem estar relacionadas
com alteracdes dos niveis de ET-1. Corroborando com os resultados desta pesquisa, no
trabalho de Lam et al.'* (2004) n3o foi encontrada diferenca significativa na
imunorreatividade para ET-1 salivar entre pacientes saudaveis e pacientes com esofagite ou
cancer gastrico, mesmo quando as variaveis sexo e idade foram consideradas. Neste sentido,

embora a ET-1 possa desempenhar um importante papel em CEB, sua expressao na saliva ndo
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parece ser um bom marcador de graduacdo de neoplasia ou transformacdo maligna nas
leucoplasias. Assim, sugere-se que novas pesquisas, com uma amostra maior, sejam
realizadas para solucionar as diferencas entre os resultados do presente estudo e os da
literatura pregressa.
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6 CONCLUSOES

Os niveis de ET-1 salivar em pacientes portadores de CEB antes do tratamento anti-
neoplasico ndo apresentaram diferenca estatistica significante em relacdo aos niveis
dessa substancia no grupo de pacientes saudaveis, bem como em relagdo aos grupos de
paciente com leucoplasia bucal e com cura de CEB ha mais de 5 anos.

N&o foi encontrada diferenca significante nos niveis de ET-1 salivar de pacientes que
ja tiveram CEB e estavam em um periodo pds-tratamento e livres de doenca por, no
minimo, 5 anos e os niveis de ET-1 em pacientes saudaveis, bem como ndo houve
diferenca quando comparados estes valores com os obtidos para pacientes com

leucoplasia bucal.

A auséncia de diferenca estatistica significante entre os resultados dos grupos de
pacientes com leucoplasia bucal, CEB e saudaveis sugere que a anélise salivar da ET-
1 ndo seja um biomarcador eficiente para avaliar o risco de malignizacdo de uma leséo

cancerizavel.
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APENDICE A — Termo de Consentimento Livre Esclarecido

Projeto: ANALISE DOS NIVEIS DA ENDOTELINA-1 NA SALIVA

A Endotelina-1 é uma substancia encontrada naturalmente em nosso corpo. Porém, em
algumas doencas como, por exemplo, pressdo alta, doencas do figado e em algumas lesGes de
boca, os seus valores se modificam. O seu estudo pode ajudar a trazer novas perspectivas
quanto ao tratamento dessas doencas.

Assim, estamos lhe convidando a participar de um estudo, onde no senhor (a) serd
realizado um exame de boca de rotina e uma pequena quantidade de sua saliva sera coletada
para analise dessa substancia. Pretende-se, avaliar os niveis da Endotelina-1 em pacientes
saudaveis, pacientes com lesGes brancas e em pacientes com carcinoma ou que ja tenham

recebido tratamento para essa doenca.

O beneficio esperado com esta pesquisa € conhecer melhor a forma como essa substancia
se comporta, a fim de contribuir na prevencao do cancer bucal. Ressalta-se que 0s riscos para
os individuos sdo inexistentes, pois se trata apenas de exame da boca e coleta de saliva e que

ndo havera custos para 0s pacientes em questéo.

CONSENTIMENTO ESCRITO

Pelo presente termo consentimento informado, eu

, declaro que fui esclarecido, de forma clara e

detalhada, livre de qualquer forma de constrangimento e obrigacdo, dos objetivos, da
justificativa, dos procedimentos a que serei submetido, eventuais desconfortos e beneficios do

presente projeto de pesquisa, todos acima citados.
Fui igualmente informado:

- da garantia de receber resposta a qualquer pergunta ou esclarecimento a qualquer duvida

acerca dos procedimentos, beneficios e outros assuntos relacionados com a pesquisa;
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- da garantia de informacdo caso a pesquisa agregue informacao potencialmente Gtil como

progndstico ou fator de risco para a populacao estudada;

- da liberdade de retirar meu consentimento a qualquer momento, e deixar de participar do

estudo, sem que isto traga prejuizo a continuacdo do meu acompanhamento e tratamento;

- da seguranca que ndo serei identificado, e que se mantera o carater confidencial das

informacGes relacionadas com a minha privacidade;
- do compromisso de fornecer informacéao atualizada durante o estudo.

Caso surjam novas perguntas sobre este estudo ou sobre os meus direitos como
participante, posso entrar em contato com a professora Dra. Liliane Soares Yurgel no telefone
(51) 3320.3538, com a doutoranda Renata da Rocha Hoffmann no telefone (51) 9954.1063 ou
com o Comité de Etica em Pesquisa da PUCRS pelo telefone 3320-3345.

Declaro que recebi copia do presente termo.

Assinatura do Paciente Assinatura do Pesquisador Responsavel

Assinatura do Pesquisador Assistente

Este formulario foi lido para em

| [ pela pesquisadora Renata da Rocha Hoffmann enquanto eu

estava presente.

Assinatura da testemunha

Porto Alegre, de de 20




APENDICE B - Ficha de Coleta de Dados dos Pacientes

N°. da FICHA: ..o REGISTRO:.....ccoiivieeeiieee e, PACIENTE:
1.ldentificacéo:

Nome:

60

Idade: Sexo: Raca: Telefone:

2.Descricdo dalesdo:

3.Bidpsia

Local da biépsia na cavidade oral:

N° AP Caracteristicas Histopatolégicas

Data

Diagndstico histopatoldgico:

Realizacdo de nova bidpsia: Nao () Sim( ) — Diagnéstico:

Tempo de evolucdo da lesdo:

4.Presenca de outras doencas associadas:

Nao Sim Qual?

Neoplasias

Hipertenséo

Doenca cardiaca

Doenca renal

Doenca gastrointestinal

Estresse

Doenca periodontal

Outras:

5.Habitos

Quantidade

Tempo

Tabaco

Ex-tabagista

Alcool

Ex-etilista
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ANEXO A — Carta de aprovacéo pela Comissdo Cientifica e de Etica da Faculdade de
Odontologia — PUCRS

] X

2 b
?z!I

- Comissdo Cientifica e de Etica
. Faculdade da Odontologia da PUCRS

Porto Alegre 13 de  junho de 2008

O Projeto de: Tese

Protocolado sob n°: 0023/08

Intitulado: Andlise dos niveis da endotelina-1 na saliva de pacientes com
carcinoma espinocelular bucal

Pesquisador Responsavel: Profa. Dra. Liliane Soares Yurgel
Pesquisadores Associados Renata da Rocha Hoffmann

Nivel: Doutorado

Foi aprovado pela Comissdo Cientifica e de Etica da Faculdade de Odontologia da PUCRS
em 23 de abril de 2008.

o ERSE SIS L S WRPERSSNTRVICVI 35, R, S, "DR/DITRQ
Este projeto devera ser imediatamente encaminhado ao CEP/PUCRS

ro - kuiz Batl éJl’mior
Presidente da Comissao Cientifica e de Etica da
Faculdade de Odontologia da PUCRS

Av. Ipiranga, 6681, Prédio 06 sala 209 Fone/Fax: (51) 3320-3538
Porto Alegre /RS — Brasil — Cx. Postal: 1429 e-mail: odontologia-pg@pucrs.br
90619-900
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ANEXO B — Carta de aprovacio pelo Comité de Etica em Pesquisa — PUCRS

Folied Pontificia Universidade Catdlica do Rio Grande do Sul

PRO-REITORIA DE PESQUISA E POS-GRADUACAO
COMITE DE ETICA EM PESQUISA

“‘I (38
T I

OF.CEP-1090/08 Porto Alegre, 03 de outubro de 2008.

Senhora Pesquisadora,

O Comité de Etica em Pesquisa da PUCRS apreciou e aprovou
seu protocolo de pesquisa registro CEP 08/04260 intitulado: “Analise dos
niveis da endotelina-1 na saliva de pacientes com carcinoma
espinocelular bucal”.

Salientamos que sua investigagdo estd autorizada a partir
desta data.

Os relatérios do andamento do protocolo devem ser
encaminhados a este CEP.

Ilma. Sra.

Profa. Dr. Liliane Soares Yurgel
Faculdade de Odontologia
N/Universidade

Campus Central

PUC}”;T': £ |Av. Ipiranga, 6690 - 3%andar - CEP: 90610-000
' %’ |Sala 314 - Fone Fax: (51) 3320-3345

E-mail: cep@pucrs.br

www.pucrs.br/prppg/cep
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To: maria.campos@pucrs.br; camposmmartha@yahoo.com
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Subject: Article tracking [00_2212] - Online publication complete

Article title: Endothelins and their receptors as biological markers for oral cancer
Reference: 002212
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Corresponding author: Dr. Maria Martha Campos
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DOl information: 10.1016/j.oraloncology.2010.06.015

Dear Dr. Campos,

The final corrections to your proof have been made. Further corrections cannot be made. Your article
is now published online at:

http://dx.doi.org/10.1016/j.oraloncology.2010.06.015

Please note access to the full text of this article will depend on your personal or institutional
entittements.

Until the bibliographic details (including volume and page numbering) are assigned, your article is
citable by DOI.
You will be automatically notified by e-mail once the full bibliographic details are available.

Corresponding authors who wish to receive hard-copy offprints are reminded to return their completed
offprint order form as soon as possible; otherwise, authors will be charged an additional late order fee
varying from 15-50% post publication depending on the journal.

You can track the progress of your article via our article tracking service at
http://authors.elsevier.com/trackarticle.
To track your article you will need to provide the following details:

- OUR REFERENCE = 002212
- CORRESPONDING AUTHOR'S SURNAME = Campos

Yours sincerely,
Elsevier Author Support
http://epsupport.elsevier.com



65

ANEXO D - Carta de Aceitacdo do Artigo de Pesquisa ao Periddico Regulatory Peptides

----- Forwarded Message ----

From: Author Services <support@elsevier.com>

To: camposmmartha@yahoo.com; maria.campos@pucrs.br

Sent: Mon, August 23, 2010 2:01:47 AM

Subject: Article tracking [REGPEP_4169] - Accepted manuscript available online (unedited version)

Article title: Evaluation of salivary Endothelin-1 levels in Oral Squamous Cell Carcinoma and Oral
Leukoplakia

Reference: REGPEP4169

Journal title: Regulatory Peptides

Corresponding author: Dr. Maria M. Campos

First author: Dr. Renata R. Hoffmann

Received at Editorial Office: 2-JUN-2010

Article revised: 2-JUL-2010

Article accepted for publication: 11-AUG-2010

Accepted manuscript (unedited version) available online: 18-AUG-2010
DOl information: 10.1016/j.regpep.2010.08.006

Dear Dr. Campos,

We are pleased to inform you that your accepted manuscript (unformatted and unedited PDF) is now
available online at:

http://dx.doi.org/10.1016/j.regpep.2010.08.006
You might like to bookmark this permanent URL to your article.

Please note that access to the full text of this article will depend on your personal or institutional
entittements.

This version of your article has been made available at the earliest stage to provide the fastest access
to articles scheduled for inclusion in a forthcoming issue of the journal. It is not intended to be the
published version of your article, and will be replaced with the edited version shortly after we receive
your approval of the proofs. Please note changes to the article should not be requested at this stage.

Once the full bibliographic details (including volume and page numbering) for citation purposes are
available, you will be alerted by e-mail.

You can track the progress of your article via our article tracking service at
http://authors.elsevier.com/trackarticle.

- OUR REFERENCE = REGPEP4169
- CORRESPONDING AUTHOR'S SURNAME = Campos

Yours sincerely,
Elsevier Author Support
http://epsupport.elsevier.com



ANEXO E - Especificaces Técnicas da Endotelina-1

ENDOTHELIN (1-21)

ENZYME IMMUNOASSAY FOR THE QUANTITATIVE DETERMINATION OF HUMAN ENDOTHELIN
(1-21) IN SERUM, EDTA PLASMA, URINE, SALIVA AND CELL CULTURE SUPERNATANTS.
CAT.NO.BI-20052. 12 X 8 TESTS

ENZYMIMMUNOASSAY ZUR QUANTITATIVEN BESTIMMUNG VON HUMAN ENDOTHELIM (1-21) IN
SERUM, EDTA PLASMA, URIN, SPEICHEL UND ZELLKULTURUBERSTAND.
KAT. NR. BI-20052. 12 X8 TESTE

ENZIMOINMUNOENSAYD PARA LA DETERMINACION CUANTITATIVA DE ENDOTELINA HUMAMNA
(1-21) EN SUERO, PLASMA EDTA, ORINA , SALIVAY EN SOBREMADANTE DE CULTIVOS
CELULARES
CAT. NO. BI-20052, 12 X 8 TESTS
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1) INTRODUCTION

68

Cleavage of Big Endothelin by a membrane-bound metalloproteinase, the Endothelin Comvering Enzyme (ECE) leads o
the active ET (1-21), a potent vasoconstrictor and to the biclogical mactive C-terminal fragment (22-38). The hatHife of ET
in the plazma is less than one minute, whereas clearance of Big ET 15 much slower. Endothelin haz been identfied n a
variety of issues, ncluding lung, kidney, brain, pituitary and penpheral endocrine tissues and placenta. The biological role
of ET extends beyond regulating vascular tone also in its growth regulatory properties. The peptide inferacis inan
autocnne/paracrine manner with specific ET recepiors found on numerous cells, induding smooth muscle cells, myocytes,

and flbroblasts:

POSSIBLE INDICATIONS

. Heart failure and acute myocardal infarction

s Oncology

. Marker for endothelial dysfunction, ver damage and renal disease
. Hypertension

3 CONTENTS OF THE KIT
CONT KIT COMPOMENTS
PLATE Polyclonal anti Endathelin antibody, microfiter plate sinps in sinpholder

packed in alubag with desiccant
WASHBUF Wash bufier concentrate 20, natural cap
Detection antbody, monoclona mouse anti Endothelin antibody, green cap,

AB
ready fo uss

&TD Standards [.U-mﬁ'rd"ml}.. Ta;mlheliu: human Endothelin-1 {1-21) in human
plasma, white caps, lyophilised

CTRL Confrolz, synthetic human Endothelin-1 (1-21) m human plasma, yellow caps,
lyophilized, exact concentration afier reconstitution see abel

COMJ Conjugate (ant mouse lgG antbody-HRPO), amber cap, ready to use

sUB Substrate (TME zolution), blue cap, ready fo use

STOR Stop Solution, white cap, ready fo use

ET.STOCK Endothelin Stock, synthetic human Endothelin-1(1-21), lyophilised, red cap,

exact concentration afier reconstiution see label

3 ADDITIONAL MATERIAL ADDED TO THE KIT
. 2 self-adhesive plastic films

* QC protocol

. Protocol shest

. Inetruction manwal for use

4) MATERIAL AND EQUIPMENT REQUIRED BUT NOT SUPPLIED

. Precision pipettes calibrated to deliver 50-1000 ul and disposable tps
. ELISA reader for absorbance at 450 nm (or from 430 nm to 620 nm)
. (Graph paper or software for calculation of results

. Digtilled or deionized water

QUANTITY
12 x Btests
1 x50 m
122 ml

& vials lyophilized

2 vials lyophilized

1222 ml
1222 ml
1xTm

1 vial lyophilized



) REAGENTS AND SAMPLE PREPARATION

Feconsttuton/Handling:

. STD (Standards, white caps) in (.5ml distiled water, at room temperaturs | 18-26=C) for 30 min, shake well.
Reconstiuted standards are stable at -20°C or -T0°C untl expiry date stated on label. Avoid repeated fresze-thaw
cyces!

. CTRL (Controds, vellow caps) in 0.5 mi distilled water at room temperature (18-26°C) for 30 min, stable at -20°C or
-10°C until expiry date stated on label, avoid freeze-thaw cycles.

. WASHBUF (Wash buffer) dilute the concentrate 1:2() with distilled water (30 ml concentrate + 950 ml distilled
water). Crystals in the buffer concenirate will dizsobve at room femperature. Buffer is stable at 2-8°C unfil expiry
date stated on |abel.

. ET-STOCK (Endothelin stock, red cap): Direct measurement of Endothelin in cell culture supernatants: Reconstiuie
in 2 mil cell culture medium at room temperature (18-26°C) for 30 min, shake wel.

Exact concentration after reconstitution see label, eg. 10 fmoliml. Reconstiuted ET stock is stable at -20°C or
-T0°C until expiry date stated on the label. Avoid repeated freere-thaw oycles.

Sample type:
Serum, EDTA plazma, unne, saliva and cell culiure supematanis are suifable for use in this assay. Don't change sample
type dunng studies.

Sample collection:

Freshly collected ECTA plazma or serum is put on ice immediately and centrifuged within one day. Samples should be
stored at -20°C, for long-term storage store at -10°C.

Urne samples can be used without any pre-treatment.

Porowd freeze-thaw cycles. Lipemic or hemolyzed samples may give erroneous results. Samples should be moed well before
azzaying. We recommend duplicates for all values. I it is necessary to dilute samples with a high concentration please uze
(0.9% sodium chloride solution.

For cell culiure:
Do not use the plasma-standards (white caps) and controls (vellow cap)!

*  Prepare a senial dilution of the cell culture ET-STOCK (Endothelin- stock, red cap) with cell culturs medium
down to appe. 0,625 fmoliml (eg. 10757 2.5711.251 0625 fmoliml). Cell cutture medium iz used as a zero
standard.

. Dilute cell culture supematant according 1o the expected concentration with the culture medium. Dilution of
supematant is dependent on amount of Endothelin secretzd by the respective cell type.

For salva:

For sample collection we recommend Sarstedt Salveties.

Sample collection:

Last meal or cigarette should have been consumed at least one hour before sample collection.

. Rinse mouth with water, wait 10 minutes.

. Put cotion roll of the Sarstedt Salivette tube into the mouth, chew for 30 sec., keep in mouth for two additional
MinLEEs.

. Flace the cotton roll inio the flat bottom upper tube of the Salivette, seal with the stopper and centrifuge for 3 min. at
1000 ref (rotational centrfugal force = g).

. Femave the flat battom tube from the Salivette and pipette the clear saliva from the bottom of the V-ube, aliquot
and store at -20°C ar -T0°C.

. Use the clear saliva according to the assay protocol.

420
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i) PRINCIPLE OF THE ASSAY

"
3¢
2
3 *
j T *V& 5 1 PRECOATED AB

| 2 CAL/JSAMPLE/CTRL
N 1 AB
— 4 COMNJ
[ N 5 SUB | ENZYME CATALYZED
4 ! COLOUR CHANGE

Al reagents and samples must be at room temperature (13-20°C) before use in the assay.

Mark posrtion for BLANKSSTD [ Standards) SAMPLEICTRL (Conirol) on the supplied protocol shest.

Take microtiter sinps out of the du bag, take a miramum of one well as Blank. Store unused sinps with desiccant at
2-8°C in the alu bag. Sirps are stable until expiry date stated on the label.

7] ASSAY PROTOCOL

Add 50 pl STOISAMPLEICTEL (Standard'Sample/Control) in duplicate into respective well, except blank
Add 200 pl AB (Detection antibody) into each well, except blark, swid gently.
Cover tightly and incubate ovemnight (16-24 hours) at reom temperature (18-26°C).

Azpirate and wash wells S with 300 il diluted WASHBUF (Wash buffer), remave remaining WASHBUF by hitting plate
against paper towel after the latest wash.

Add 200 il COMJ (Conjugate) nto each well.
Cover tightly and incubate 1 hour at room temperature (18-26°C).

Aspirate and wash wells Soowith 300 ul diluted WASHBUF (Wash buffer), remove remaining WASHBUF by hiting plate
against paper towel after the last wash.

Add 200 ul SUB (Substrate) into each well

Incubate for 30 minutes at room temperature (18-26°C) in the dark.

Add 50 wl STOP (Stop soluion) inta each well, shake well.

Measure sheorbance immediately at 450 nm with reference 620 nm, i available.

8 CALCULATION OF RESULTS

Subtract the blank extinction from all other values. Construct the standard curve from the standard values. Use
commercially available software or graph paper. Obfain sample concentration from this calibration curee. The assay has
been evaluated using a 4PL algorithm. Different curve fiiting method nesds fo be evaluated by the user. Respective diution
factors have to be conzidered.
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The quality control profocol supplied with the kit shows the results of the final releaze QC for sach kit. Data for optical
density obtained by customers may differ due to vanous influsnces andior due o the normal decrease of signal intensity
durng shelf ife. However, this does not affect validity of results = long a2 an optical density of 1.50 i cbiained for the

=iandard with the highest concentration.

9 ASSAY CHARACTERISTICS
Reference data & panel of 10 blood donors had & median of 026 fmoliml.
Each laboratory should establish its own reference data.

Standard range: C-10 fmolimi
Sample volume 50 wl human EDTA plasma, serum, urne, saliva or cell culiure supematant
Detaction Limit: (U froliml + 3 SD): 002 frnol/mi
Incubation time: overmight { Th ! 30 min
Cose reackly. ET(T21): T00%, ETZ {1-21) T00%, ET3 (121). 2%, Big Endothelin {1-38). <1%.
Big Endothelin | 22-38); <1%
In normal human plasma samples ET-2 is estmated fo be present at less than 209 of the
ET-1level ET-3is estimated to be present at 50% of the ET-1 level.
Animal sera:
Horse, cat, pig 100%:; dog 56% and rat 79%, Mouse sera can nat be measured in this ELISA
Recovery
in=4) Spike 1 fmoliml Sprke 5 fmaliml
Recovery (fmoliml) 096 43
Recovery (%) 6% B&%
10) PRECISION
Intra-Assay [n=16) Inter-Assay (n=24)
Mean (fmaliml) 202 7 Mean (fmoliml) 38 0.8
50 (.08 0.2 3D 02 0.4
CV% 4% 3% CV% 6% 5%
11) TECHNICAL HINTS

. Do not mix or sulbetitute reagents with those from other lots or sources.

* Do nat mix stoppers and caps from diffzrent reagents or use reagents betwesn lots.

. Do not wse reagentz beyond expiration date.

. Protect reagents from direct sunlight.

* Subestrate solution should remain colouress until addzd to the plate.

. To ensure accuraie results, proper adhesion of plate sealers during incubation steps is necessary.
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12) PRECAUTIONS

All test components of human source wers tested with 3+ generation tests against HIV-2b and HBsAg and were found

negative. Nevertheless, they should be handled and disposed as if they were infectious.

Al iguid reagents contain 01%Proclin 300 a2 preservative. Proclin 300 is not toxic in concentrations used in this kit f may

cauze dlergic skin reactions — avoid contact with skin or eyes.

* Do naot pipetie by mouth.

. Do not eat, drink, smoke or apply cosmetics where reagents are used,

*  Avoid all contact with the reagents by uzing gloves.

* Sulfuric acid iz irmtating to eyes and skin. Flush with water f contact ocours. Avoid contact with skin and mucous.
Irritations are possible — Flush with water afier contact!

13) LITERATURE
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