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Figueira JA. Estresse precoce de vida por separacdo maternal aumenta a
incidéncia e progressao de tumor num modelo de cancer bucal quimicamente
induzido em ratos [dissertacdo]. Aracatuba: Faculdade de Odontologia da

Universidade Estadual Paulista; 2018.

Resumo

A ocorréncia de eventos estressores nas fases iniciais de vida (estresse precoce
de vida — EPV) pode afetar negativamente fun¢des fisioldgicas e psicoldgicas na
fase adulta. Apesar de investigacdes pré-clinicas terem mostrado que o estresse
cronico pode afetar a progressdo do cancer, ndo ha estudos que investigaram
os efeitos do EPV na progresséo do cancer bucal. No presente estudo, utilizamos
um modelo animal de carcinogénese bucal induzida pelo carcinbgeno 4-
Nitroquinolona-1-Oxido (4NQO) para avaliar o impacto do EPV induzido por
separacdo materna (SM) sobre a incidéncia e progressdo do carcinoma
espinocelular (CEC) de boca. As ninhadas submetidas ao protocolo de SM foram
separadas de suas maes durante 3 horas por dia, do dia pos-natal 1 ao 21. Apos
0S animais atingirem a idade adulta (90 dias), os grupos SM e controle foram
tratados com 4NQO durante 120 dias. Andlise histopatologica foi realizada para
avaliar a incidéncia de CEC de boca e grau de malignidade do tumor entre os
animais estressados e ndo estressados. Também foram avaliados o volume e
espessura tumoral e o peso do baco e das glandulas adrenais. Os niveis niveis
plasmaticos de norepinefrina foram analisados por ELISA e a expressao de
RNAmM para os genes relacionados a progressdo do CEC de boca (IL-6, TNF-
alpha, VEGF, p53 e CDKN2A) foram analisados por PCR em tempo real. A SM
no periodo pds-natal aumentou em aproximadamente 60% a ocorréncia de CEC
de boca na idade adulta. Os ratos submetidos & SM desenvolveram tumores
mais espessos (p=0.02) e de maior volume (p=0.03) comparado ao grupo
controle. Analise microscopica das caracteristicas de malignidade dos CECs de
boca mostraram pior padrédo de invaséo (p=0.004) e maior invasao perineural
(p=0.04) nos tumores dos ratos estressados. O EPV no periodo neonatal
diminuiu significativamente o peso do bac¢o (p=0.003) e das glandulas adrenais
(p=0.03) nos animais com cancer. Porém, ndo foi observada diferenca nos niveis
plasmaticos de norepinefrina. Os CECs dos ratos submetidos ao EPV
apresentaram maior expressao de IL-6 (p=0.04) e menor expressdao de p53
(p=0.02) em relacdo aos tumores dos ratos ndo estressados. Nossos achados
fornecem a primeira evidéncia de que o EPV pode aumentar a incidéncia e
progressdo do cancer de boca quimicamente induzido, e sugerem que estes
efeitos podem estar associados a uma desregulacéo da expresséao de IL-6 e p53.

Palavras-chave: Estresse psicoldgico; cancer; cancer de boca; carcinoma
espinocelular; carcinogénese.



Figueira JA. Early life stress by maternal separation increases tumor onset and
progression in a chemically induced oral cancer model [dissertation]. S&o Paulo
State University (UNESP), School of Dentistry, Aracatuba, Brazil; 2018.

Abstract

Early life stress (ELS) may negatively affect the behavior and physiological
functions in adulthood. Despite pre-clinical investigation have shown that chronic
stress may affect cancer progression, there are no studies which have
investigated ELS effects on oral cancer progression. In the present study, we
used an oral carcinogenesis animal model induced by carcinogen 4-
Nitroquinoline-1-oxide (4NQO) to assess the impact of ELS induced by maternal
separation (MS) on the oral squamous cell carcinoma (OSCC) occurrence and
progression. The litters underwent MS protocol were separated from their dam
for 3 hours daily, during postnatal day 1-21. After animals reach adulthood (90
days), MS and control groups were treated with 4NQO during 120 days.
Histopathological analysis was performed to evaluate the OSCC incidence and
malignant degree between stressed and non-stressed rats. The volume and
tumor thickness and the spleen and adrenal glands weight were also evaluated.
Plasma norepinephrine levels were analyzed by ELISA and mRNA expression
for OSCC progression-related genes (IL-6, TNF-alpha, VEGF, p53 and CDKN2A)
were analyzed by real-time PCR. MS in neonatal period increased in almost 60%
chemically induced OSCC occurrence in adulthood. Rats exposed to MS
developed thicker (p=0.02) and larger tumors (p=0.03) compared to non-stressed
rats. OSCCs from ELS rats showed worst pattern of invasion (p=0.004) and more
perineural invasion (p=0.04) ELS also significantly reduced spleen (p=0.003) and
adrenal glands (p=0.03) weight in cancer rats. ELS induced overexpression of IL-
6 (p=0.04) and attenuated p53 expression (p=0.04) in OSCCs. Our results
provides the first evidences that ELS may increase oral cancer onset and
progression, and suggest that this effect can be associated with altered
expression of IL-6 and p53.

Key-words: Psychological stress; cancer; mouth cancer; squamous cell
carcinoma; carcinogenesis.
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Early life stress by maternal separation increases tumor onset
and progression in a chemically induced oral cancer model

1. Introduction*

Psychological stress has been associated to cancer initiation, growth and
metastasis [Soung et al., 2015; Shin et al., 2016; Cole et al., 2015; Antoni et al.,
2006]. Most of in-vitro and pre-clinical studies have shown that stress and its
neurohormones can accelerate cancer cell proliferation [Soung et al., 2015; Shin
et al., 2016; Cole et al., 2015; Antoni et al., 2006; Al-Azri et al., 2014; Capoccia
et al., 2015; Madden et al., 2013; Shi et al., 2015; Smith et al., 2017; Xie et al.,
2015], while their effects on tumor onset are still poorly understood. Stressful
events induce increased secretion of hormones which have been implicated in
cancer progression (eg. catecholamines and cortisol) through activation of the
sympathetic nervous system (SNS) and the hypothalamic-pituitary-adrenal axis

(HPA) [Armaiz-Pena et al., 2008; Shin et al., 2016].

Stress can suppress immune functions against cancer (presentation of
tumor antigens, proliferation of T lymphocytes, and humoral and cell-mediated
immune response) [Dhabhar et al., 1997; Elenkov et al.,, 2002; Glaser et al.,
2001], and promotes resistance to apoptosis through the activation of anti-
apoptotic genes [Herr et al., 2003; Pasquier et al., 2013]. Stress hormones (eg.
epinephrine and norepinephrine) may also induce cancer progression by
modulating the expression of tumor angiogenesis-related genes (eg. vascular
endothelial growth factor — VEGF) and cell proliferation (tumor necrosis factor-
alpha — TNF-alpha and interleukin-6 — IL-6), as well as overexpression of proteins

involved in tumor invasion and metastasis (matrix metalloproteinases — MMPs,

* Formatado de acordo com as normas da revista Brain Behavior and Immunity
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types 2 and 9) [Lutgendorf et al., 2003; Lutgendorf et al., 2008a; Yang et al.,

2008; Sood et al., 2006; Yang et al., 2009].

There are several pre-clinical models to investigate the effects of stress on
different biological conditions. For example, chronic stress can be induced by
physical restraint [Rasmussen et al., 1957], agglomeration [Edwards et al., 1977],
presence of predator (cat-rat) [Hamilton et al., 1964], shock [Borysenko et al.,
1980], confrontation with intruders [Olivier et al., 1992] and social isolation
[Krishnan et al., 2011]. When stress events occur during early life (eg. postnatal
period and childhood), they can affect behavior and physiological functions, such
as growth, metabolism, reproduction, besides inflammatory and immune
responses in adulthood [Nishi et al., 2013; Silberman et al., 2016]. Early life
stress (ELS) may induce permanent effects on organism [Nish et al., 2013;
Silberman et al., 2016] and increases the risk for developing diseases like
neuropsychiatric disorders, type 2 diabetes and cardiovascular disease [Kendler

et al., 2002; Eriksson et al., 2014].

Maternal Separation (MS) is the main model among rodents for
investigating the ELS impact on neuroendocrine stress-induced responses and
psychiatric disorders (eg. depressive and anxiety like behaviors) [Andersen et al.,
2015; Millstein and Holmes, 2007; Romeo et al., 2003; Schmidt et al., 2011,
Vetulani et al.,, 2013]. Evidences show that MS during the postnatal period
increases the activity of neurohormonal stress pathways (SNS and HPA axis)
[Holmes et al., 2005; Lippmann et al., 2007], altering the levels of catecholamines
and corticosterone [Gogberashvili et al., 2007; Esquivel et al., 2009; Sterley et
al., 2013; Aisa et al., 2007; Marais et al., 2008; Daniels et al., 2009]. Past studies

explored the effects of MS-induced ELS on cancer onset and progression. La
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Barba et al. in 1969, 1971 and 1972 carried out initial investigations on the effects
of MS on cancer progression through inoculation of Ehrlich ascites carcinoma
cells in Balb/c mice [La Barba et al., 1969; 1971; 1972]. However, they did not
find significant effects of MS on the survival and mortality rates [La Barba et al.,
1969; 1971, 1972]. More recently, one study showed that MS followed by chronic
restraint stress reduced the natural killer (NK) cells cytotoxicity and increased
tumor metastases in a breast cancer pre-clinical model [Nakamura et al., 2011].
Using a chemically induced mammary cancer model in mice, Boyd et al.
demonstrated that psychosocial stress during the neonatal period accelerated

chemically induced mammary tumorigenesis in adulthood [Boyd et al., 2010].

Head and neck cancer (HNC) comprises the seventh most common
cancer worldwide, being oral squamous cell carcinomas (OSCCs) the most
frequent subtype of HNC [Day et al., 2005; Rettig & D’Souza, 2015]. OSCC
commonly affects elderly men and its main risk factors are chronic tobacco and
alcohol consumption [Day et al., 2015; Rettig & D’Souza, 2015]. Despite the
known influence of chronic stress on tumor progression in some cancer pre-
clinical models [Thaker et al., 2006; Lamkin et al., 2012; Kim-Fuchs et al., 2014;
Zhao et al.,, 2015], few studies have analyzed the effects of stress and its
neurohormones on OSCCs progression. Xie et al. using an orthotropic model in
mice showed that chronic stress by restraint accelerated tumor growth and
increased the invasiveness of OSCC cells [Xie et al., 2015]. However, Rivera et
al. did not observed significant effects of restraint stress on tumor incidence in
chemically induced OSCC mice model. [Riviera et al., 2001]. Recently, we have
shown that pre-carcinogen stress hormones levels in the normal

microenvironment may be predictive for chemically induced cancer in rats
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[Valente et al. 2017], which would hypothesize that early stressors could affect
oral carcinogenesis. Although ELS is a risk factor for neurobiological and
psychiatric disorders and recent evidences show its impact on tumor immunity
and progression, no studies which have investigated the effects of ELS on oral
cancer progression. In this study, we have used a chemically induced oral
carcinogenesis model to investigate the impact of MS-induced stress on OSCC

onset and progression.
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5. Conclusion

This study provides the first evidence that ELS increase tumor onset and
progression in a chemically induced oral cancer model. Furthermore, our findings
suggest that IL-6 overexpression and decrease of p53 expression could be a
relevant part of the underlying mechanism behind the effects of ELS on oral

carcinogenesis.
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