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“Tente uma, duas, trés vezes e se possivel tente a quarta, a

quinta e quantas vezes for necessario. S6 ndo desista nas primeiras

tentativas, a persisténcia é amiga da conquista. Se vocé quer chegar

onde a maioria ndo chega, faca o que a maioria ngo faz.”

— Bill Gates

‘Daqui a 20 anos vocé estara mais decepcionado pelas coisas

gue vocé nao fez, do que pelas que fez. Entdo, jogue fora suas amar-

ras, navegue para longe do porto seguro, pegue 0s ventos em suas

velas. Explore, sonhe, descubra.”

— Mark Twain
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Valente VB. Hormdnios do estresse promovem dano no DNA de queratindcitos
humanos de boca [tese]. Aracatuba: Faculdade de Odontologia da Universidade
Estadual Paulista; 2020.

RESUMO

O estresse cronico aumenta 0s niveis sisttmicos dos hormdnios do estresse
norepinefrina e cortisol. Assim como o carcindgeno especifico do tabaco NNK (4-
(metilnitrosamina)-1-(3-piridil)-1-butanona), estes hormoénios podem induzir danos
expressivos no DNA, o que contribui para o desenvolvimento do cancer. No entanto,
€ desconhecido se os hormdnios do estresse possuem efeitos genotdxicos em
gueratindcitos de boca. Este estudo investigou os efeitos dos hormdnios do estresse
sobre o dano no DNA de uma linhagem celular de queratinécitos humanos de boca
(NOK-SI). Células NOK-SI estimuladas com norepinefrina ou cortisol apresentaram
maior dano no DNA que as células néo tratadas. O dano induzido pela norepinefrina
foi revertido pelo pré-tratamento das células com um beta-bloqueador. Células
tratadas com NNK combinado a norepinefrina apresentaram niveis reduzidos das
caspases 3 e 7. O cortisol também reduziu a atividade das enzimas pro-apoptoticas
em relacdo as células ndo estimuladas. O dano no DNA promovido pelo NNK e
cortisol e pela combinacdo de ambos levou ao acumulo de yH2AX intracelular. Os
efeitos causados pelo NNK e cortisol foram bloqueados com propranolol e com o
antagonista do receptor de glicorcorticoide RU486, respectivamente. As quebras no
DNA induzidas pela norepinefrina, na presenca ou auséncia de NNK, resultaram em
maiores niveis celulares de 80OHdG. Este efeito também foi induzido via receptores
beta-adrenérgicos. Os horménios do estresse induzem danos no DNA de
queratinécitos de boca e poderiam contribuir para a carcinogénese bucal.

Palavras-chave: Estresse Psicolégico. Norepinefrina. Glucocorticoide. Dano no
DNA. Apoptose. Queratindcitos. Neoplasias Bucais. Cancer de Boca. Neoplasias de
Cabeca e Pescoco. Cancer de Cabeca e Pescoco. Cancer. Biomarcadores.

Tumorigénese. Carcinogénese.
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Valente VB. Stress hormones promote DNA damage in human oral keratinocytes
[thesis]. Aracatuba: UNESP - Sdo Paulo State University; 2020.

ABSTRACT

Chronic stress increases the systemic levels of stress hormones norepinephrine and
cortisol. As well tobacco-specific carcinogen NNK (4-(methylnitrosamine)-1-(3-
pyridyl)-1-butanone), they can induce expressive DNA damage contributing to the
cancer development. However, it is unknown whether stress hormones have
genotoxic effects in oral keratinocytes. This study investigated the effects of stress
hormones on DNA damage in a human oral keratinocyte cell line (NOK-SI). NOK-SI
cells stimulated with norepinephrine or cortisol showed higher DNA damage than
untreated cells. Norepinephrine-induced DNA damage was reversed by pre-
treatment with beta-adrenergic blocker propranolol. Cells treated with NNK combined
to norepinephrine displayed reduced levels of caspases 3 and 7. Cortisol also
reduced the activity of pro-apoptotic enzymes. DNA damage promoted by NNK or
cortisol and carcinogen combined to the hormone led to intracellular yH2AX
accumulation. The effects caused by NNK and cortisol were abolished by propranolol
and glucocorticoid receptor antagonist RU486, respectively. DNA breaks induced by
norepinephrine in the presence or absence of NNK resulted in higher 80OHAG cellular
levels. This effect was also induced through beta-adrenergic receptors. Stress
hormones induce DNA damage of oral keratinocytes and could contribute to oral

carcinogenesis.

Keywords: Psychological Stress. Norepinephrine. Glucocorticoid. DNA Damage.
Apoptosis. Keratinocytes. Oral Neoplasms. Oral Cancer. Head and Neck Neoplasms.

Head and Neck Cancer. Cancer, Biomarkers. Tumorigenesis. Carcinogenesis.
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Figure 1. Stress hormones promote DNA damage in oral keratinocytes. (A)
Norepinephrine increased the DNA damage in oral epithelial cells and this effect was
abolished by the non-selective beta-blocker propranolol. (B) Cortisol increased the
DNA fragmentation of oral keratinocytes. The results are expressed as the mean *
standard error of the mean (SEM). Upper- and lower cases equal letters indicate a
statistically significant difference (p<0.05). NNK = 4 (N-metil-N-nitrosamine)-1-(3-
piridil)-butano-1-one). NE = norepinephrine. PROP = propranolol. CORT = cortisol.
Figure 2. Effects of tobacco-specific nitrosamine NNK and norepinephrine on
the activity of the caspases 3 and 7. (A) Control. (B) NNK. (C) Norepinephrine. (D)
NNK and norepinephrine. (E) NNK and propranolol. (F) Norepinephrine and
propranolol. (G) NNK, norepinephrine and propranolol. (H) Combined treatment of
NNK with norepinephrine inhibited the activity of the pro-apoptotic enzymes. This
effect was not abolished by the beta-adrenergic blocker propranolol. The results are
expressed as the mean + standard error of the mean (SEM). Upper- and lower cases
equal letters indicate a statistically significant difference (p<0.0001). NNK = 4 (N-
metil-N-nitrosamine)-1-(3-piridil)-butano-1-one). NE = norepinephrine. PROP =
propranolol.

Figure 3. Cortisol inhibits the activity of caspases 3 and 7. (A) Control. (B)
Cortisol. (C) NNK and cortisol. (D) Cortisol and RU486. (E) NNK, cortisol and RU486.
(F) Cortisol inhibited the activity of pro-apoptotic enzymes. This effect was not
abolished by the glucocorticoid receptor blocker RU486. The results are expressed
as the mean * standard error of the mean (SEM). Upper- and lower cases equal
letters indicate a statistically significant difference (p<0.0001). NNK = 4 (N-metil-N-
nitrosamine)-1-(3-piridil)-butano-1-one). CORT = cortisol.

Figure 4. Exposure to the NNK and norepinephrine and yH2AX nuclear
expression in oral keratinocytes. (A) Control. (B) NNK. (C) Norepinephrine. (D)
NNK and norepinephrine. (E) NNK and propranolol. (F) Norepinephrine and
propranolol. (G) NNK, norepinephrine and propranolol. (H) NNK increased the
YH2AX nuclear expression levels. Beta-blocker propranolol inhibited the increased
DNA damage caused by the carcinogen. The results are expressed as the mean *

standard error of the mean (SEM). Upper- and lower cases equal letters indicate a



statistically significant difference (p<0.0001). NNK = 4 (N-metil-N-nitrosamine)-1-(3-
piridil)-butano-1-one). NE = norepinephrine. PROP = propranolol.

Figure. 5. Cortisol increased the yH2AX nuclear expression in oral epithelial
cells. (A) Control. (B) Cortisol. (C) NNK and cortisol. (D) Cortisol and RU486. (E)
NNK, cortisol and RU486. (F) Cortisol increased the yH2AX nuclear expression
levels in the presence or absence of carcinogen NNK. Glucocorticoid receptor
blocker RU486 inhibited the increased DNA damage caused by the hormone. The
results are expressed as the mean + standard error of the mean (SEM). Upper- and
lower cases equal letters indicate a statistically significant difference (p<0.0001).
NNK = 4 (N-metil-N-nitrosamine)-1-(3-piridil)-butano-1-one). CORT = cortisol.

Figure 6. Effects of stress hormones on oxidative DNA damage in oral
epithelial cells. (A) Norepinephrine up-regulated the 80OHdG levels in the presence
or absence of carcinogen NNK. Beta-blocker propranolol inhibited the increased
oxidative DNA damage caused by the hormone combined to NNK. (B) Cortisol did
not change the 80OHdG levels secreted by the NOK-SI cells. The results are
expressed as the mean * standard error of the mean (SEM). Upper- and lower cases
equal letters indicate a statistically significant difference (p<0.05). NNK = 4 (N-metil-
N-nitrosamine)-1-(3-piridil)-butano-1-one). NE = norepinefrina. PROP = propranolol.
CORT = cortisol.

Supplementary Fig. 1. Comet assay (A-E, 24h-exposure; F-J, 72h-exposure).
(A,F) Control. (B,G) NNK. (C,H) Norepinephrine. (D,I) NNK and norepinephrine. (E)
Norepinephrine induced DNA damage in the oral epithelial cells. (J) NNK in the
presence or absence of norepinephrine promoted an expressive DNA damage in the
NOK-SI cells. The results are expressed as the mean + standard error of the mean
(SEM). Upper- and lower cases equal letters indicate a statistically significant
difference (p<0.05). NNK = 4 (N-metil-N-nitrosamine)-1-(3-piridil)-butano-1-one). NE

= norepinephrine.
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3T3 - 3-day transfer inoculum 3x10° cells

80OHdG - 8-hydroxy-2’-deoxyguanosine

AKT - Protein kinase B

ANOVA - Analysis of variance

AP1 - Activator protein 1

ATF - Activating transcription factor

BCL-2 - B-cell lymphoma 2

BSA - Bovine serum albumin

cAMP - Cyclic 3'-5' adenosine monophosphate
CAPES - Coordenacao de Aperfeicoamento de Pessoal de Nivel Superior
CORT - Cortisol

CREB - cAMP response element binding protein
DMEM - Dulbecco modified eagle medium

DNA - Deoxyribonucleic acid

ELISA - Enzyme-linked immunosorbent assay

EPAC - Exchange protein activated by adenylyl cyclase
ERK - Extracellular signal-regulated kinase

ETS - Erythroblast transformation specific

FAPESP - S&o Paulo Research Foundation

FBS - Fetal bovine serum

HCI - Hydrogen chloride

MAP - Mitogen-activated protein

MDMZ2 - Mouse double minute 2 homolog

MEK - Mitogen-activated protein kinase

MPK1 - Mitogen-activated protein kinase 1

Na2EDTA - Ethylenediaminetetraacetic acid disodium
NaCl - Sodium chloride

NE - Norepinephrine

NNK - 4-(methylnitrosamine)-1-(3-pyridyl)-1-butanone)
NOK-SI - Normal oral keratinocyte-spontaneously immortalized
PBS - Phosphate-buffered saline

PI3K - Phosphoinositide 3-kinase



PKA - Protein kinase A

PROP - Propranolol

PVA - Polyvinyl alcohol

Raf - Rapidly accelerated fibrosarcoma

ROS - Reactive oxygen species

SEM - Standard error of the mean

SGK1 - Serum and glucocorticoid-regulated kinase 1
STAT3 - Signal transducer and activator of transcription 3
TUNEL - Terminal deoxynucleotidyl transferase dUTP nick-end labelling
UNESP - Séo Paulo State University

YH2AX - H2A histone family member X
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1 INTRODUCTION

Psychological stress up-regulates the circulating levels of stress hormones
norepinephrine and cortisol!. Exposure to these hormones released from chronic
stress response has been associated to an enhanced risk of developing diseases
such as cancer?. In somatic cells, norepinephrine and cortisol may induce DNA
damage through the activation of beta-adrenergic and glucocorticoid receptors,
respectively®>*. Both mechanisms trigger similar effects to those produced by the
tobacco smoke carcinogens®®. A significant damage in the integrity of DNA may lead
to genome mutations and affect oncogenic mechanisms predisposing to cell

malignant transformation?°.

Chronic stress and stress hormones may cause a significant DNA damage
accompanied by a higher production of phosphorylated histone H2AX (yH2AX)”:8 and
8-hydroxy-2’-deoxyguanosine (80HdG)?°. Both molecules are considered mutagenic
biomarkers of the DNA damage and significantly enhance the occurrence of
tumorigenic mutations into the genome of somatic cells, which may become
malignant>1°. Moreover, stress hormones can inhibit the apoptosis of somatic
cells'*1?2 allowing their replication with DNA damage. This inhibition is also
considered another crucial mechanism related to the acquisition of malignant
phenotype?2. The activity of caspases is measured to assess cell apoptosis and may
become downregulated after chronic exposure to the stress hormones and

carcinogenic agents!314,

Oral cancer represents the sixth most common malignancy worldwide and its
occurrence has been widely associated to the tobacco smoking*®. In addition, chronic
stress and stress hormones have also been investigated in oral cancer patients and
preclinical models of the disease!®2°, We recently demonstrated that biobehavioral
factors are related to increased circulating norepinephrine levels in these patients.16
In an orthotopic model, chronic stress up-regulated the plasma levels of
catecholamines and glucocorticoids, which would contribute to increase tumor size
and invasiveness?'’. In rats underwent chemical carcinogenesis, we showed that the
stress hormones levels in the normal microenvironment predict the risk of developing

oral cancer®®. An expressive DNA damage caused by the chemical substances such
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as nicotine and tobacco-specific nitrosamines may be considered one of the first
molecular events for oral cancer occurrence®. However, it remains unknown whether

stress hormones have genotoxic effects in oral epithelial cells.

In the current study, we tested the hypothesis that the exposure of an oral
keratinocyte cell line (NOK-SI) to the stress hormones in the presence or absence of
chemical carcinogen NNK (4-(methylnitrosamine)-1-(3-pyridyl)-1-butanone), a
tobacco-specific nitrosamine, would induce DNA damage. In addition, these cells
were also evaluated for the production of molecules associated to DNA damage and

apoptosis.
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