Ministério da Educacao
Universidade Federal de Santa Maria

0\
Centro de Ciéncias Naturais e Exatas . '
Programa de Pés-Graduacdo em Bioquimica i*. PPGBtOX
Toxicoldgica o
Edital 65/2024 - Processo Seletivo da
Pés-graduacgao — Ingresso 2025

Prova de conhecimentos gerais em Bioquimica e Biologia Molecular
Nivel Doutorado

Nome do candidato:

Instrucoes

e A prova tem duracao de duas horas.

e E permitido consultar dicionario Inglés/Portugués.

e O caderno de questoes e a folha de respostas definitiva devem
ser entregues aos avaliadores.

e O caderno de questdes e o gabarito final serdao publicados na pagina
do PPGBTox no dia 11/11/2024.

e (Cada questao tem apenas uma alternativa correta.

e Responda as questdes conforme o texto.

Chemical Research in Toxicology Journal. 2023, 36, 129-131
The Genotoxicity of Stress

by

Melanie S. Flint and Renée L. Flaherty — School of Applied Sciences, University of
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Kingdom; orcid.org/0000-0001-5311- 3023; Email: M.flint@brighton.ac.uk; Division
of Breast Cancer Research, The Breast Cancer Now Toby Robins Research Centre,
The Institute of Cancer Research, London SW3 6JB, United Kingdom.

Psychological stress can be described as “a physical or psychological
stimulus that can produce mental tension or physiological reactions that may lead to
illness”. Significant current stressors include caregiving, social isolation, people’s
ability to work, and a lack of community and family support. It is well-known that
stressors such as social isolation are prognostic risk factors for increased morbidity
and mortality and reduced quality of life. Stress results in the production of stress
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response hormones, glucocorticoids (GC) and catecholamines such as epinephrine
(E) and norepinephrine (NE), which directly bind to receptors on the surface of most
cells activating complex downstream signaling pathways. Cortisol functions by
binding to cytosolic glucocorticoid receptors (GR), while E and NE function by
binding to B-adrenoceptors (3-AR).

Damage to our DNA can lead to mutations and genomic instability. DNA
damage response pathways are important for maintaining a healthy genome, and
dysregulation in DNA damage and repair pathways has been closely linked to
various diseases including cancer. Stress hormones have been shown to rapidly
induce DNA damage transformation, and tumorigenicity in normal fibroblast cells
after both short and long-term exposure, with inhibition of the GR and 3-AR negating
the effects [1]. In both human and animal studies, increases in negative psychosocial
factors such as depression or the induction of psychological stress also promoted
DNA damage, as measured by excreted DNA damage markers [2].

A major cause of DNA damage is oxidative stress, which in healthy cells is
balanced by antioxidants. However, this process is often deregulated in disease
progression. Psychological stress has been linked to an increase in DNA damage
through the production of reactive oxygen/nitrogen species (ROS/RNS) and the
induction of oxidative stress. In healthy tissue and cancer cell lines, acute exposure
to high levels of cortisol-induced production of ROS/RNS. Sustained exposure
induced DNA damage and repair pathways, indicating a burden of oxidative stress
on the cell. Inhibition of reactive species catalyzing enzymes, as well as the GR,
abrogated ROS/RNS production and DNA damage [3].

In the context of cancer, cells are often mutated to cope with the high levels
of oxidative stress generated from increased mitochondrial respiration and cellular
turnover. Although conversely this can also lead to defections in DNA repair
mechanisms which render cells more sensitive to oxidative stress, thus succumbing
to further genomic instability. It has been proposed that increased oxidative stress in
primary tumors is therefore a driver of metastatic cell dissemination as an escape
mechanism [4,5].

In mouse models of cancer, repeated induction of the psychological stress
response - mimicking chronic stress - elicited a sustained elevation of circulating
stress hormones and promoted metastatic spread [3,6]. Through activation of the
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GR, synthetic glucocorticoids also significantly increased metastatic colonization in
patient-derived breast cancer models [7]. In profiling circulating tumor cells (CTCs)
that have the propensity to seed metastatic niches, the glucocorticoid receptor was
found to be highly expressed, suggesting these cells are sensitive to fluctuations in
GC levels [8].

In normal tissues, the fine balance of oxidative stress and antioxidants is
maintained through complex feedback systems. The tumor suppressor BRCA1 -
mutations which are heavily implicated in breast cancer susceptibility - can control
cellular response to ROS through activation of the antioxidant NRF2 [9]. The
unliganded GR has been shown to positively regulate BRCA1 through binding to the
promotor and increased expression in mammary epithelial cells. However, upon GC
stimulation GR is lost from the promotor and BRCA1 expression decreases [10]. As
such, release of cortisol through the stress response could simultaneously induce
DNA damage through oxidative stress and reduce the antioxidant capacity of the
cells.

Although we have focused on cancer, stress hormones can negatively impact
other diseases. Glucocorticoids have been implicated as cardiovascular risk factors
[11], and through oxidative stress cause amyloid B peptide toxicity leading to
increased risks of dementia and Alzheimer’s disease [12]. Drawing together these
ideas can conceivably link the effects of stress on disease initiation and progression
to the genotoxicity of oxidative stress.
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1 - From the text it is correct to assert that:

a) Physical phenomena are quite distinct from psychological phenomena,
particularly, because the latter has no physical origin.

b) To take care of sick or disabled persons is always rewarding.

c) Glucocorticoids are produced as protective hormones against psychological
stress.

d) Glucocorticoids have different types of receptors than catecholamines.

e) lliness is always caused by psychological tensions.
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2 - The major problems with cancer development are:

a) Tumors cannot adapt to oxidative stress.

b) The overproduction of reactive species can further increase the genomic instability
in cancer cells.

c) Oxidative stress does not have a role in metastasis.

d) Stress excess can protect mammals from metastasis development.

e) Metastases usually cause oxidative stress, which produces further instability in
the normal DNA.

3 - The time course of cancer induction is usually associated with the cumulative
dose of a given carcinogen. Considering this affirmation and the article “Genotoxicity
of Stress” we can state that:

a) Catecholamines are powerful carcinogens in humans.

b) Glucocorticoids are blockers of carcinogens in fibroblasts.

c) The time course of cancer induction can be modulated in vitro by blocking or
stimulating glucocorticoids receptors.

d) Mental stressors can activate directly tumorigenicity without the participation of
glucocorticoids or catecholamines.

e) Catecholamines have no physiological roles in mammals.

4 - Normal cellular physiology is dependent on:

a) Very active antioxidant systems, which usually produce reductive stress.

b) Activation of NRF2 by mutated BRCAA1.

c) NRF2 is part of a fine balance between oxidative stress and antioxidant
responses.

d) Glucocorticoids do not modulate oxidative stress or antioxidant responses.

e) Deletion GR makes cells immortal.
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5 - The main objective of the study “Genotoxicity of Stress” was to demonstrate that:
a) DNA damage response pathways are involved in the activation of exacerbated
rates of mutation in the DNA.

b) To demonstrate that catecholamines are critical in cancer development.

c) Associating psychological stress with genotoxicity.

d) Chromatography by Gas (CG) can be used to detect damage in DNA.

e) To demonstrate that mental tension does not have a physical basis.

6 - The best linkage to DNA damage is:
a) Mutation.

b) Genomic stability.

c) Replication of DNA.

d) Healthy genome.

e) Oxidative stress.

7 - The main cause of oxidative stress in cancer cells are:
a) Activation of antioxidant pathways.

b) Psychological stress.

c) Excessive production of reactive species.

d) Blockage of glucocorticoid receptors.

e) DNA instability.
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8 - In mouse, literature data supports a role for glucocorticoids in:

a) Synthetic cancer development.

b) Psychological stress and metastasis susceptibility.

c) Blockage of glucocorticoid receptors.

d) Direct activation of catecholaminergic receptors (CRs).
e) Activation of synthetic glucocorticoid synthesis pathways.

9 - Glucocorticoids are involved in cancer regulation by :
a) Interacting with B-AR.

b) Blocking GR.

c¢) Indirectly modulating BRCA1.

d) Directly activating the BRCA1 promotor.

e) Degrading oxidative stress and antioxidants.

10 - The main conclusion of the article “Genotoxicity of Stress” is that:

a) Oxidative stress is important to good health.

b) Cancer can cause Alzheimer’s diseases.

c) Glucocorticoids are the unique link between Alzheimer’s disease and heart
problems.

d) Psychological stress may be involved in different types of chronic diseases.

e) Antioxidant supplements are critical for preventing cancer.
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