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Valente VB. Niveis dos hormonios do estresse no microambiente: influéncia sobre a
ocorréncia do tumor e modulacdo durante a carcinogénese quimicamente induzida em
ratos. [dissertacdo]. Aracatuba: Faculdade de Odontologia da Universidade Estadual

Paulista; 2016.

Resumo

Evidéncias mostram que os hormonios relacionados ao estresse podem influenciar a
progressdao do cancer, mas o papel destes mediadores sobre o processo de
carcinogénese no microambiente tecidual, em condi¢cdes naturais, € pouco
compreendido. Neste estudo, nés utilizamos um modelo de carcinogénese bucal em
ratos para testar a hipotese de que os niveis de hormdnios relacionados ao estresse no
microambiente tecidual em condigcbes naturais (sem estresse) pré-inducdo
carcinogénica influenciam a ocorréncia e progressao do carcinoma espinocelular (CEC)
de lingua. Quarenta e oito ratos machos Wistar foram submetidos a uma bidpsia de
tecido lingual normal previamente a inducao carcinogénica e os niveis teciduais de
norepinefrina, corticosterona, ACTH e BDNF foram mensurados. Trés semanas depois
0s animais foram tratados com o carcindégeno quimico 4-nitroquinolina-1-6xido (4NQO)
por 20 semanas e a ocorréncia de CEC ou Leucoplasia (lesdo precursora do CEC) na
lingua foi analisada microscopicamente. Niveis basais aumentados pré-carcinogénese
de norepinefrina e BDNF e niveis reduzidos de corticosterona foram preditivos para
ocorréncia de CEC. Niveis basais elevados de norepinefrina foram associados a uma
expressao reduzida de RNAm para CDKN2a-pl6 nos CECs. Niveis teciduais de
corticosterona e BDNF nas leucoplasias e corticosterona no CEC foram
significativamente mais elevados em relacdo a mucosa normal pré-carcinogénese.
Niveis elevados de norepinefrina no microambiente dos CECs foram associados a um
maior volume e espessura do tumor. Da mesma forma, niveis elevados de norepinefrina,
ACTH e BDNF no CEC foram associados a uma menor intensidade do infiltrado
linfoplasmocitario subjacente ao tumor. Além disso, maior expressdo de RNAm para IL-
6 no CEC foi correlacionada a niveis elevados de corticosterona pds-carcinogénese.
Este estudo mostra as primeiras evidéncias in vivo de que os niveis basais de hormdnios
do estresse no microambiente do tecido normal podem ser preditivos para a incidéncia
do cancer quimicamente induzido. Além disso, a acao do carcinégeno pode modular 0s
niveis hormonais no microambiente tecidual e estes podem estar associados a
progressao do tumor. Em suma, estes dados sugerem que a susceptibilidade ao inicio
e progressao do carcinoma quimicamente induzido pode ser diretamente influenciada
por diferencgas individuais endécrinas no microambiente pré-carcinogénese.

Palavras-chave: Neoplasias, carcinogénese, estresse fisiolégico, norepinefrina,

corticosterona, hormonio adrenocorticotropico, fator neurotréfico derivado do encéfalo,

neoplasias de cabeca e pescoco
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Valente VB. Stress hormones levels in the microenvironment: influence on tumor
occurrence and modulation during chemically induced carcinogenesis in mice.

[dissertation]. Aracatuba: UNESP — S&o Paulo State University; 2016.

Abstract

Evidence show that stress-related hormones may influence cancer progression, but their
role in tissue microenvironment on the carcinogenesis is poorly understood. In this study,
we have used an oral carcinogenesis model in rats to test the hypothesis that stress-
related hormones levels in the tissue microenvironment in natural conditions pre-
carcinogenic induction could influence the oral squamous cell carcinoma (OSCC)
occurrence and progression. Forty-eight male Wistar rats were underwent to a normal
tongue tissue biopsy before carcinogenic induction and tissue levels of norepinephrine,
corticosterone, ACTH and BDNF were measured. Three weeks later the animals were
treated with chemical carcinogen 4-nitroquinoline-1-oxide (4NQO) for 20 weeks and the
OSCC or oral leukoplakia (non-cancerous lesions) occurrence into tongue was
evaluated. Increased concentrations of norepinephrine and BDNF, and reduced
corticosterone levels in the pre-carcinogen microenvironment were predictive for OSCC
occurrence. Increased pre-carcinogen norepinephrine concentrations were associated
to a CDKN2a-p16 mRNA lower expression in OSCCs. Tissue levels of corticosterone
and BDNF in oral leukoplakia and corticosterone in OSCC were significantly higher than
pre-carcinogenesis normal mucosa. Increased norepinephrine concentrations in OSCC
microenvironment were associated to a higher tumor volume and thickness. Likewise,
increased levels of norepinephrine, ACTH and BDNF in OSCC were associated to a
lesser intensity of the lymphoplasmocytic infiltrate underlying to tumor. Furthermore, IL-
6 mMRNA enhanced expression was correlated to increased corticosterone levels post-
carcinogenesis. This study shows the first in vivo evidence that pre-carcinogen stress
hormones levels in the microenvironment of the normal tissue may be predictive for
chemically induced cancer occurrence. Moreover, the carcinogen action can modulate
hormonal levels in the tissue microenvironment, which can be associated to tumor
progression. In short, these data suggest that the susceptibility to onset and progression
of chemically induced carcinomas may be directly influenced by endocrine individual
differences in pre-carcinogenesis microenvironment.

Keywords: Neoplasias, carcinogenesis, physiological stress, norepinephrine,
corticosterone, adrenocorticotropic hormone, brain-derived neurotrophic factor,

head and neck neoplasias
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Introduction”

Studies have shown that hormones resulting from chronic stress may
influence cancer progression (1-4). The two main pathways that have been
investigated for mediating the emotional stress effects on cancer are the
hypothalamic-pituitary-adrenal (HPA) axis (5) and sympathetic nervous system
(SNS) (6). HPA axis activation occurs when neurons localized in the
paraventricular nucleus secrete corticotropin-releasing factor (CRF); then, CRF
stimulates the secretion of adrenocorticotropic hormone (ACTH), which induces
the adrenal glands to synthesize cortisol (2,5). In parallel, SNS activation during
chronic stress can induce a dysregulated production of catecholamines
norepinephrine and epinephrine by the central nervous system (CNS) and

adrenal gland (2,6).

Stress hormones act on tumor cells deregulating the production of
cytokines, chemokines and growth factors, which are related with cancer
progression (1-4). Studies have shown that norepinephrine and epinephrine
enhance the expression of genes involved in tumor angiogenesis and
proliferation such as vascular endothelial growth factor (VEGF) (7,8) and
interleukin-6 (IL-6) (9-11), as well as deregulate the production of matrix
metalloproteinases (MMPs) (12-14) types 2 and 9; proteins that increase tumor
invasion and metastasis occurrence. Catecholamines derived from SNS

hyperactivity suppress the cytotoxic T lymphocytes and natural killer (NK) cell

“Normalizagio segundo o periédico “Carcinogenesis” (Anexo B)
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responses (15), and activate the expression of genes by oncogenic virus (16).
Pre-clinical studies have demonstrated that stress-related hormones can affect
ovarian (7,8,10,12,13), breast (17), lung (18) and colon (19) cancer progression.
Clinical investigations have showed that patients with advanced-stage ovarian
(9), colorectal (20), and head and neck (21) cancer have significant increased
cortisol levels compared to patients with early-stage disease or healthy controls.
However, there are no clinical evidences that stress-related hormones levels can
influence cancer occurrence. Few pre-clinical investigations have demonstrated
that stress-related hormones also may act on the regular cells promoting cancer
development (22,23). Long exposures in dose response experiments with
norepinephrine and epinephrine induced significant increases in the
tumorigenicity of mouse fibroblasts (22). Chronic stress promoted tumor
development (lymphomas and sarcomas) in C57BL6/J male mice by the
attenuation of p53 protein levels and transcriptional activity, which were mediated

by increased levels of corticosterone in the serum (23).

Brain-derived neurotrophic factor (BDNF) is a neurotrophin distributed
mainly in the CNS, where it act as trophic factor for dopaminergic and cholinergic
neurons. Evidences have shown that BDNF expression in the CNS can be
modulated by stress (24). BDNF and its receptor TrkB have an important role as
autocrine modulators being expressed in several organs (24). Acute and chronic
stress may increase plasma BDNF levels in pre-clinical models (25,26). Studies
have demonstrated that BDNF expression is involved with tumor cell proliferation

and invasion process (27,28). BDNF has been identified in head and neck (27),
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liver (28), prostate (29) and bladder (30) cancers, suggesting a role of

neurotrophins in cancer development and progression.

Tumor microenvironment is an aberrant tissue environment composed by
tumor epithelial cells and specialized mesenchymal cells (inflammatory cells,
myoepithelial and endothelial cells, myofibroblasts and fibroblasts) surrounding
by an altered extracellular matrix (ECM), which plays an important role in cancer
development and progression (31,32). Interactions between the mesenchymal
and epithelium cells through the morphogenic factors (eg. Wnt-1, HGF and TGF-
B) and growth factors (eg. FGF, EGF and TGF-a) secretion are altered in
carcinomas and can influence the carcinogenesis (32). Although evidences show
that stress and its neurohormones may influence cancer progression, there are
no studies that have assessed the stress-related hormones levels in the tissue
microenvironment before cancer and their influence on carcinogenesis and tumor
progression. Chemical carcinogens exposure may affect important cellular
metabolic functions as the production and release of different biological
mediators (33,34). However, it is unclear how chemical carcinogens could act
modulating stress hormones concentrations in the tumor microenvironment under

carcinogenesis induction.

In the present study, we have used a pre-clinical oral carcinogenesis
model to test the hypothesis that stress-related hormones concentrations in the
tissue microenvironment before tumor induction could influence the cancer
occurrence, clinicopathological variables and tumor progression-related genes
expression. Furthermore, the local concentrations of these mediators were

compared pre- and post-carcinogenesis induction and hormones levels in cancer
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microenvironment were analyzed for association to tumor progression-related

variables.





