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Reasumo

Kayahara GM. SUPRESSAO DE MELATONINA AUMENTA A INCIDENCIA E
PROGRESSAO DO CANCER DE BOCA INDUZIDO QUIMICAMENTE EM RATOS
[dissertacdo]. Aragatuba: Faculdade de Odontologia da Universidade Estadual Paulista;

2019
RESUMO

Estudos sugerem que a supressdo de melatonina e disfungdo circadiana em
trabalhadores noturnos podem estar relacionadas ao desenvolvimento e a progressao do
cancer. Pesquisas tém mostrado também que a incidéncia tumoral pode ser aumentada
pela pinealectomia. Entretanto, nenhum estudo avaliou a influéncia da cirurgia de
pinealectomia sobre o desenvolvimento e a progressao do cancer de boca. No presente
estudo, nos investigamos os efeitos da supressdo de melatonina sobre a ocorréncia e a
progressao tumoral um modelo pré-clinico de cancer de boca induzido quimicamente. Nos
demonstramos, pela primeira vez, que ratos pinealectomizados tiveram maior ocorréncia
de carcinoma espinocelular de boca, comparado aos animais controle. Ratos
pinealectomizados também exibiram volume e espessura tumorais cerca de 3 e 2 vezes
maior que animais sham, respectivamente. Além disso, pinealectomia induziu atrofia do
epitélio n&o-tumoral adjacente as lesbées bucais. Os ratos pinealectomizados
apresentaram maior resposta inflamatéria no front de invasdo tumoral, caracterizada
principalmente pelo aumento do numero de eosinofilos e macrofagos associados ao
tumor. Tumores de ratos submetidos a pinealectomia exibiram maior imunoexpressao de
ERK1/2 e p53 no microambiente tumoral. Estes resultados revelam que a supresséo de

melatonina acelera o desenvolvimento e a progressdo do cancer de boca associado ao
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aumento de eosinofilos e macrofagos no front de invasdo tumoral e maior ex "2 de

ERK1/2 e p53 no microambiente tumoral.

Palavras-chave: Melatonina; Cancer de boca; Cancer de cabeca e pescogo; Carcinoma

espinocelular



A bstract

Kayahara GM. MELATONIN SUPPRESSION INCREASES THE INCIDENCE AND
PROGRESSION OF CHEMICALLY INDUCED ORAL CANCER IN RATS
[dissertation]. Sdo Paulo State University (UNESP), School of Dentistry, Aragatuba,

Brazil; 2019.
ABSTRACT

Studies suggest that melatonin suppression and circadian dysfunction in shift
workers can be related to cancer risk. Furthermore, investigations have shown
that pinealectomy promotes higher tumor incidence in rats. However, no study
evaluated the influence of pinealectomy surgery on oral cancer onset and
progression. In the current study, we investigated the effects of melatonin
suppression on tumor occurrence and progression in a preclinical model of oral
cancer. We demonstrated for the first time that pinealectomized rats had higher
oral squamous cell carcinoma occurrence than sham animals. Furthermore,
pinealectomized animals displayed tumor volume and thickness about 3 times
and twice higher than sham-operated rats, respectively. Moreover,
pinealectomy induced atrophy of non-tumor epithelium adjacent to the oral
lesions. Pinealectomized rats showed higher mean number of tumor-associated
macrophages and eosinophils in the carcinoma invasion front. In addition,
tumors from pinealectomized rats displayed increased immunoexpression of
ERK1/2 and p53 in the tumor microenvironment. These results reveal that

melatonin suppression promotes higher oral cancer occurrence and progression
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associated with increasing of inflammatory cells and ERK1/2 and p53

expressions in the tumor microenvironment.

Keywords: Melatonin; Mouth neoplasms; Head and neck neoplasms;

Carcinoma, Squamous Cell
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&Kista ds figuras

Lista de figuras

Figure 1. Clinical features of OSCCs derived from 4NQO treatment in sham (A
and B) and PNT rats (C and D). A). Small irregular white plates. B) Discrete
ulcerative lesion. C) Ulcerative lesion displaying white and reddish surface. D)
Extensive ulcer with yellowish-white areas. Histopathological features of tongue
tumors from sham (E and F) and PNT rats (G and H) (H&E staining). E) Well-
differentiated OSCC (black arrows) (original magnification x250). F) Tumor cells
showing hyperchromatism and dyskeratosis (original magnification x400). G)
Extensive Well-differentiate OSCC (original magnification x250). H) Islands of well-
differentiated tumor cells with nuclear pleomorphism and keratin pearls (original
magnification x400). Occurrence and progression of OSCC from sham and PNT
animals. I) Chi-square test revealed that PNT rats had a higher occurrence of OSCC
than sham rats. J) Student’s t-test showed that PNT group exhibited increased tumor
volume compared to sham group. K) PNT rats exhibited higher tumor thickness than

sham animals. (sham, n=11; PNT, n=12;) Bars represent the mean + SEM. *p<0.05

Figure 2. Anxiety- and depressive-like behavior from sham and PNT rats. A)
There were no differences in the depressive-like behavior from sham and PNT rats

before and after carcinogenesis. B) Student’s t-test revealed no differences in the
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anxiety-like behavior from sham and PNT groups before and after carcinogerecis.

Bars represent the mean £ SEM. p>0.05. (sham, n=11; PNT, n= 12).

Figure 3. Epithelial thickness of non-tumor epithelium adjacent to the tongue
lesions derived from 4NQO treatment. A-C) Student’s test showed no statistical
differences regarding to epithelial thickness, corneal thickness and total thickness of
non-tumor epithelium immediately adjacent to the tongue lesions derived from 4NQO
treatment in PNT and sham animals. Epithelial thickness of non-tumor epithelium
in the distant sites from the lesion. D) There were no differences in non-tumor oral
epithelial thickness between both groups. E) PNT rats displayed lower corneal
thickness of non-tumor epithelium than sham group. F) Student’s t-test revealed that
PNT group had decreased total thickness of non-tumor epithelium compared to sham
rats. G and H) Total epithelial thickness of non-tumor epithelium immediately adjacent
to the lesion from sham and PNT group, respectively (H&E, original magnification
x100). I and J) Total epithelial thickness of non-tumor epithelium distant to the lesion
from sham and PNT rats, respectively (H&E, original magnification x100). Bars

represent the mean + SEM. *p<0.05 (sham-PNT, n=10; PNT, n=10).

Figure 4. Inflammatory response in the tumor invasion front. Student’s t-test
showed no differences in the average number of leukocytes (A), neutrophils (C),
mast cells (E) and lymphocytes (G) in the OSCCs from sham and PNT animals. PNT
rats displayed increased average number of tumor-associated eosinophils (l) and
macrophages (K) compared to sham animals. Tumor size was not associated with
the average number of neutrophils (D) and mast cells (F) in the invasion front in
sham and PNT rats. Advanced tumor-bearing PNT rats had higher average number
of leukocytes (B), lymphocytes (H) and eosinophils (J). Early or advanced tumor-

bearing PNT rats exhibited increased average number of macrophages than Sham
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rats (L). *p<0.05. Bars represent the mean + SEM. *p<0.05. ES: Early stage. AS:

Advanced stage. (sham, n=5; PNT, n=11).

Figure 5. Expression of tumor progression-related genes and melatonin
receptors and immunostaining of PKA, ERK1/2 and p53 in the OSCC
microenvironment. A — F) Student’s t-test showed no differences between sham
and PNT OSCCs for mRNA expression of VEGF, NFkB, CDKN2A-p16, MMP2,
MMP9 andMTNR1a. G) Student’s t-test showed no statistic differences between both
groups for PKA expression in OSCCs. H) PNT rats had increased tumor expression
of ERK1/2 compared to sham animals. 1) PNT animals displayed higher tumor
expression of nuclear p53 than sham rats. Immunoexpression of PKA (J and K),
ERK1/2 (L and M) and p53 (N and O) in OSCC invasion front from sham and PNT
rats, respectively (original magnification x400). Bars represent the mean + SEM.

*p<0.05. (sham-PNT, n=7; PNT, n=9).
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Lista de Abreviaturas

Lista de abreviaturas

4-NQO - 4-nitroquinoline-1-oxide

Akt - Serine/threonine-specific protein kinase
ANOVA - Analysis of variance

Bcl-2 — B-cell ymphoma protein 2

CDKN2a-p16 — cyclin-dependent kinase Inhibitor 2A
cDNA - Complementary DNA

DMBA - 7,12-Dimethylbenz(a)anthracene

DNA - Deoxyribonucleic acid

ERK1/2 — Extracellular signal-regulated kinases 1 e 2
EZM — Elevated zero maze

FST — Forced swimming test

H&E — Hematoxylin and eosin

H,0, — Hydrogen peroxide



HIF-1a — Hypoxia-inducible factor 1-alpha
HNC - Head and neck cancer

IL-17 — Interleukin 17

IL6 — Interleukin 6

LSD1 — Histone lysine-specific demethylase
MAPK - Mitogen-activated protein kinase
mM — millimolar

mm?® — cubic millimeter

MMP-2 — Metalloproteinase 2

MMP-9 — Metalloproteinase 9

MRNA - Messenger ribonucleic acid

MT1 — Melatonin receptor 1

MT2- Melatonin recaeptor 2

MTRN1a — Melatonin Receptor 1A
MTRN1b — Melatonin Receptor 1B
NF-kB — Factor nuclear kappa B

OSCC - Oral squamous cell carcinoma
PBS — Phosphate buffer solution

PCNA - Proliferating cell nuclear antigen
PCR - Polymerase chain reaction

PCR - Polymerase chain reaction

PKA — Protein kinase A

PNT — Pinealectomy

RNA - Ribonucleic acid
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ROCK-1 — Rho-associated protein kinase 1
ROS - Reactive oxygen species

RQ - Relative Quantity

RT-PCR - Real time polymerase chain reaction
SCN — Suprachiasmatic nucleus

SEM - Standard error media

SNS — Sympathetic nervous system
TNF-a — Tumor necrosis factor alpha

USA - United States of America

VEGF - Vascular endothelial growth factor
Vs — Versus

WHO - World Health Organization

Mm — micrometer
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Shtrodyction

1. Introduction

Melatonin (N-acetyl-5-methoxytryptamine) is a hormone released by the
pineal gland in response to darkness (Li et al., 2017). Melatonin secretion is
controlled by the suprachiasmatic nucleus (SCN), which relays photoperiodic
information to the pineal via sympathetic nervous system (SNS) (Tan et al.,
2015). However, melatonin is also synthetized in many sites such as
gastrointestinal tract, skin, retina, and bone marrow (Acufa-Castroviejo et al.,
2014). In addition to the circadian rhythm control, pineal hormone has
antioxidant, anti-inflammatory and oncostatic activities (Karaaslan et al. 2015).
Recently, studies have shown that melatonin may inhibit breast cancer
progression (Mao et al., 2012; Jardim-Perassi et al., 2014). Melatonin may
affect tumor growth by reducing cell proliferation and angiogenesis and
inhibiting DNA damage, besides increasing the activity of tumor suppressor
genes and apoptosis of tumor cells (Panzer and Viljoen, 1997). A study showed
that lung metastasis of gastric cancer may be inhibited by melatonin through
downregulation of MMP-2, MMP-9, and NF-kB expressions (Wang et al., 2019).

Few investigations analyzed the effects of melatonin suppression on cancer
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onset in pre-clinical models. Pinealectomized rats had higher incidence of
DMBA-induced mammary cancer than sham-operated animals (Tamarkin et al.,
1981; Shah et al., 1984). However, no studies have investigated the impact of
pinealectomy on other types of cancer.

Melatonin may regulate cell proliferation and apoptosis in cancer
through the p53 signaling pathway (Santoro et al. 2013). In breast and colon
cancers cell lines, melatonin inhibited cell proliferation and prevented DNA
damage of tumor cells through the p53 activation (Santoro et al., 2013).
Furthermore, melatonin administration inhibited lymphoma development in
Trp53~" mice, compared to non-treated group (Huang et al., 2015). Melatonin
also may influence tumor progression through the ERK1/2 modulation (Cagnol
& Chambard 2010). On cancer, ERK1/2 may mediate several events including
apoptosis, cell proliferation and metastasis (Olea-Flores et al., 2019). A recent
study showed in an orthotopic model of oral cancer, that melatonin
administration reduced the p-ERK levels in the tumor microenvironment (Liu et
al., 2018). Moreover, melatonin increases the sensibility of esophageal cancer
to fluorouracil chemotherapy through ERK signaling pathway inhibition (Lu et
al., 2016).

Inflammation play a critical role in cancer onset and progression
(Coussens & Werb, 2002). Liu et al. (2019) demonstrated that oncology patients
with high systemic inflammation index had lower disease-free survival and
decreased distant metastasis-free survival compared to patients with low
inflammation levels. Systemic inflammation has also been associated with an
increase in depth tumor invasion, greater risk of regional metastasis, and

advanced clinical stage in patients with esophageal cancer (Zhang et al., 2019).
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Melatonin is considered an important molecule with anti-inflammatory features
(Najafi et al., 2017). The hormone suppresses the increase of TNF-a and IL6
proinflammatory cytokines in ovary cancer rats (Chuffa et al.,, 2015).
Furthermore, melatonin administration promoted lower Infiltration of eosinophils,
IL-17+ inflammatory cells and Foxp3+ cells in the tumor tissue of hamsters with
chemically induced cholangiocarcinoma (Wongsena et al., 2018).

Currently, head and neck cancer (HNC) is the 3™ most incident and the
7" leading cause of cancer death worldwide, with oral squamous cell carcinoma
(OSCC) being its main subtype (Bray et al., 2018). Melatonin treatment may
inhibit tumor progression and metastasis, as well as improve responses of head
and neck oncology patients to chemotherapy treatment (Yeh et al., 2016; Lu et
al., 2016; Shen et al., 2018). In vitro studies show that pineal hormone affects
the motility of OSCC cell lines by inhibiting MMP-9 and VEGF transcription,
which are molecules known to influence tumor progression (Goncalves et al.,
2014; Yeh et al., 2016). Furthermore, melatonin significantly suppresses cell
proliferation in dose- and time-dependent manner in an orthotopic model of oral
cancer and in vitro by reducing histone lysine-specific demethylase (LSD1)
expression (Yang et al., 2017). Other investigations have demonstrated that
melatonin may be a good adjuvant therapy for cancer treatment (Li et al., 2017;
Lissoni et al. 1999). Lissoni et al (1999) revealed that HNC patients
concomitantly treated with melatonin and chemotherapy displayed higher 1-year
survival rate and increased tumor remission rate than those who received
chemotherapy alone. Despite evidences of the melatonin effects on the cancer
progression, its role on the tumorigenesis is poorly known. In this research, we

used a preclinical oral carcinogenesis model to test the hypothesis that the
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melatonin suppression would promote higher chemically induced cancer

occurrence and progression in rats.
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