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Sousa ALS. Variaveis clinicas e psicologicas sdo associadas com a expressao de receptores
beta-adrenérgicos tipo 1 e 2 em carcinoma espinocelular de boca [dissertagdo]. Aragatuba:

Faculdade de Odontologia da Universidade Estadual Paulista; 2023.
RESUMO

Introducgdo: Estressores fisicos e psicoldgicos tém sido relacionados a progressdo tumoral por
meio da ativagdo de receptores beta-adrenérgico (B-AR) em diferentes tipos de cancer.
Objetivo: Este estudo teve como objetivo investigar as expressoes de Bi-AR e B2-AR e sua
associagdo com variaveis psicoldgicas e clinico-patoldgicas de pacientes com carcinoma
espinocelular (CEC) em boca. Métodos: Foram coletadas amostras tumorais de pacientes
diagnosticados com cancer de boca. As amostras foram submetidas a reagdo imuno-
histoquimica para detectar a expressdao de Bi-AR e B2-AR. As variaveis psicologicas foram
avaliadas por testes psicologicos aplicados por um psicologo antes de qualquer tratamento
oncologico. Resultados: Um total de 99 amostras de CEC de boca foram incluidas. Analises
univariadas revelaram que maior expressdo de PBi-AR foi associada a maior consumo de
alcool (p=0,032), maior escolaridade (p=0,042), pior qualidade do sono (p=0,044) e maiores
niveis de dor relacionadas ao tumor primario (p<0,001). Maior expressao de P>-AR foi
associada, principalmente, a metastase regional (p=0,014), aumento dos niveis de dor
relacionados ao tumor primario (p=0,044), sintomas ansiosos (p<0,001) e depressivos
(p=0,010) e maior pontuagdo para humor raiva (p=0,010) e fadiga (p=0,010. A analise
multivariada identificou o estadiamento clinico avangcado como um fator independentemente
associado a expressao de Bi-AR (OR = 0.145, 95%, IC = 0.025-0.828, p=0.003), enquanto
maior sintoma de ansiedade e maior humor fadiga sdo fatores independentes para a expressao
de B2-AR (OR = 4.256, 95% IC = 1.439-12.606, p=0.009; OR = 3.816, 95% CI = 1.258-
11.573, p=0.018, respectivamente). Conclusdo: A expressao de B-ARs em CEC de boca ¢
influenciada por caracteristicas clinicopatologicas e variaveis psicologicos. Esses achados
encorajam mais estudos para elucidar o mecanismo de atuagdo receptores adrenérgicos e sua

expressao no cancer de boca.

Palavras-chave: Neoplasias de Cabeca e Pescoco. Estresse Psicoldgico. Receptores Beta

Adrenérgicos.



Sousa ALS. Psychological and clinical variables are associated with expression of f1- and 32-
adrenergic receptors in oral squamous cell carcinoma [dissertation]. Aracatuba: UNESP — Sao

Paulo State University; 2023.
ABSTRACT

Introduction: Physical and psychological stressors have been related to tumor progression
through the activation of beta-adrenergic receptors (B-AR) in different types of cancer.
Objective: This study aimed to investigate the expressions of B1-AR and B2-AR and their
association with psychological and clinical-pathological variables in patients with oral
squamous cell carcinoma (OSCC). Methods: Tumor samples were collected from patients
diagnosed with oral cancer. The samples were submitted to immunohistochemical reaction to
detect the expression of B1-AR and P2-AR. Psychological variables were assessed by
psychological tests applied by a psychologist before any oncological treatment. Results: 99
oral SCC samples were included. Univariate analyzes revealed that higher expression of B1-
AR was associated with higher alcohol consumption (p=0.032), higher education (p=0.042),
worse sleep quality (p=0.044) and higher levels of pain related to the primary tumor
(p<0.001). Higher expression of P2-AR was mainly associated with regional metastasis
(p=0.014), increased levels of pain related to the primary tumor (p=0.044), anxious (p<0.001)
and depressive symptoms (p=0.010) and higher scores for angry mood (p=0.010) and fatigue
(p=0.010. Multivariate analysis identified advanced clinical staging as a factor independently
associated with B1-AR expression (OR = 0.145, 95%, CI = 0.025-0.828, p=0.003). Higher
anxiety symptoms and higher mood fatigue are independent factors for f2-AR expression
(OR = 4256, 95% CI = 1439-12606, p=0.009; OR = 3816, 95% CI = 1258 -11,573, p=0.018,
respectively) Conclusion: The expression of B-ARs in OSCC tumor are influenced by
clinicopathological and psychological variables. These findings encourage further studies to

elucidate the mechanism of action of adrenergic receptors and their expression in oral cancer.

Keywords: Head and neck neoplasms. Psychosocial distress. Beta Adrenergic Receptors.
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1 INTRODUCTION*

Cancer patients usually live under chronic stress, caused by diagnosis-related strong
emotional experience, disease progression and depression (Batty et al., 2017). The high stress-
levels in cancer patients are associated with cancer progression, invasion and metastasis (Dai
et al., 2020). Cancer patients can display increased stress levels when compared with health
individuals (Bastos et al., 2018; Bernabé et al., 2012). Stress is related to disorder of
hypothalamic—pituitary—adrenal axis (HPA) axis and hyperactivation of sympathetic nervous
system (SNS) (Antoni et al., 2006; Cole et al., 2015). These activations result in the release of
cortisol and catecholamines from adrenal glands and sympathetic neurons (Glaser and
Kiecolt-glaser, 2005). Catecholamines such as norepinephrine (NE) and epinephrine (Epi) are
hormones that act in the cancer microenvironment through G protein—coupled adrenergic
receptors (types a- and B) located on the surface of tumor cells, fibroblasts, and immune cells
(Eng et al., 2014). Several studies have shown that -adrenergic signaling may affect the
progression of different types of cancer, by modulating the angiogenesis, tumor invasion,
epithelial-mesenchymal transition (EMT), and tumor growth-related genes.(Bernabé et al.,
2011; Cole and Sood, 2012; Tjioe et al., 2022; J. Zhang et al., 2016).

Oral squamous cell carcinoma (OSCC) is the main type of oral cancer, accounting for
about 90-95% of all head and neck cancers (Johnson et al., 2021). In 2020, more than 377,000
new cases and 177,000 deaths from oral cancer were recorded worldwide (IARC, 2022).
Patients with OSCC display high occurrence of emotional disorders throughout diagnosis and
treatment (Aarstad et al., 2005; Figueira et al., 2022). In head and neck cancer, high levels of
anxiety and depression are associated with shorter overall survival, regional lymph node
metastasis and worsen prognosis (Aarstad et al., 2005; Rieke et al., 2017). Although chronic

tobacco and alcohol consumption are the main risk factor for OSCC, recent studies have

Normalizacdo segundo a revista Psychoneuroendocrinology - https://www.sciencedirect.com/journal/
psychoneuroendocrinology
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shown that neuroendocrine changes derived from chronic stress may influence the tumor
progression (Thaker et al., 2006; Verza et al., 2021). Similarly, adrenergic antagonists inhibit
tumor progression, otherwise, in in the absence of stress, adrenergic agonists accelerate tumor
progression and metastasis in ovary, breast and oral cancer (Shang et al., 2009; Smith et al.,
2019). Cecilio et al. revealed that rats treated with carcinogen 4NQO and propranolol, a non-
selective B-blocker, display lower occurrence and progression of OSCC than those rats from
the sham group (Cecilio et al., 2020). Therefore, beta-adrenergic receptor (B-AR) blockers
have been associated with better survival and reduced the risk of recurrence in different types
of cancer (De Giorgi et al., 2013; Shaashua et al., 2017; Zhong et al., 2016).

Previous studies reported the expression of B-ARs in different malignant tumors,
including OSCC (Pérez-Sayans et al., 2012), lung cancer (Al-Wadei et al., 2012), melanoma
(Moretti et al., 2013) and prostate carcinoma (M. Zhang et al., 2020). In ovarian cancer, -
ARs expression were correlated with anxiety and depression symptoms (Huang et al., 2016).
Clinical studies demonstrated a correlation between higher levels of B-AR and worse
prognosis in gastric cancer (Koh et al., 2021), head and neck cancer (Kwon et al., 2021) and
breast cancer (Powe et al., 2011). Previous clinical studies in OSCC patients reported that
higher expression of B-AR are correlated with low survival, advanced clinical stage and nodal
metastasis (Dong et al., 2017; Krishna et al., 2022; Liu et al., 2018). However, to our
knowledge, no study has investigated the correlation of tumor expression of B-AR with
psychological factors in OSCC patients. Therefore, the current study analyzed the expression
of B1- and B2-ARs in OSCCs and their association with clinicopathological, biobehavioral,

and psychological variables.
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2 PATIENTS AND METHODS

2.1 Patients

To evaluate the expression of B1- and f2-ARs in OSCCs, paraffin tumor tissue samples from
OSCC patients diagnosed and treated at the Oral Oncology Center, Sao Paulo State University
(UNESP), School of Dentistry, Aragatuba, Sao Paulo, Brazil between 2012 and 2020. The
tissue samples used were extracted from biopsy for diagnostic purposes or from oncological
surgery to treat the primary tumor. The inclusion criteria were histopathological diagnosis of
OSCC, primary tumor located in the anterior tongue, floor of the mouth, gingiva, lip, hard
palate, buccal mucosa, or retromolar area. Patients with prior cancer diagnosis and treatment,
current pregnancy, and patients who did not consent to participate in the study were excluded.
This study was approved by the Committee of Human Studies of the Sdo Paulo State
University (UNESP), School of Dentistry, Aragatuba, SP—Brazil (n°. 35314720.9.0000.5420)

and conducted according to the guidelines in the Declaration of Helsinki.

2.2 Demographic, clinicopathological and biobehavioral variables

Demographic, clinicopathological and biobehavioral data were extracted from the patient’s
clinical records. Demographic variables (age, sex, marital status, living alone, education, and
family income), clinicopathological variables (comorbidity, pain related to the primary tumor,
clinical staging, primary tumor size (T), presence of regional metastases (N), tumor
histological grade and type of treatment) and biobehavioral data (sleep quality and tobacco
and alcohol consumption) were obtained in OSCC patients’ admission. Comorbidities were
assessed according to the Charlson Comorbidity Index (CCI) (Charlson et al., 1987). Clinical
staging and classification of histological grades were examined according to the AJCC

Staging Manual and the World Health Organization Classification of Tumors (Amin et al.,
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2017). Visual Analog Scale was used to estimate primary tumor-related pain intensity and
classified in a scale from 0 (absence of pain) to 10 (severe pain). The patient’s self-reports of
sleep quality in the previous week were classified as very good, good, regular, bad, and
terrible (Bastos et al., 2018; Sarafim-Silva et al., 2018). Tobacco and alcohol consumption
intensity was assessed using a score scale of 1-4 points: non-smoker/drinker, light use (1-10
cigarettes/1-2 drinks per day), moderate use (11-20 cigarettes/3—4 drinks per day), and heavy

use (more than 20 cigarettes/ more than 4 drinks per day)(Sarafim-Silva et al., 2018).

2.3 Psychological variables

All the patients included in the sample underwent psychological tests applied by a
psychologist. Anxiety and depression symptoms were assessed using the Beck Anxiety
Inventory (BAI) and Beck Depression Inventory (BDI) (Beck et al., 1996, 1988; Sarafim-
Silva et al., 2018). BAI and BDI are a Likert-type scale questionnaires that measure the
occurrence of anxiety and depressive symptoms (Beck et al., 1996, 1988). For both scales,
severity of each anxiety or depression symptoms scores were graded in four levels: minimal
(0-10 for BAI; 0-11 for BDI), mild (11-19; 12—-19), moderate (20-30; 20-35) and severe
(31-63; 36-63). The Brunel Mood Scale (BRUMS) is a 24-item mood scale that measure six
identifiable affective mood states: anger, confusion, depression, fatigue, tension and vigor
(Lane and Terry, 2000; Terry et al., 2003, 1999). All psychological tests were performed

before any oncologic treatment.

2.4 Immunohistochemistry and staining evaluation

Histological sections of 4um thickness were deparaffinized and rehydrated to
immunohistochemistry evaluation. Heat-induced epitope retrieval was performed with 10mM
citrate buffer, pH 6.0, in microwave for 12 minutes. Endogenous peroxidase activity was

blocked with 3% H>O; for 20 min. The sections were incubated with the primary antibody
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anti-f; adrenergic receptor antibody (dilution 1:500; Abcam, ab3442) and Anti-B, adrenergic
receptor antibody (dilution: 1:600; Abcam, ab137494) for 3h at room temperature. Then,
sections were incubated with Histofine antibody polymer conjugated with horseradish
peroxidase (Histofine® Simple Stain MAX PO (MULTI), Nichirei Biosciences Inc., Tokyo,
Japan) for 40 minutes. The slides were washed with PBS buffer and the chromogenic
substrate (3,3',5,5'-tetramethylbenzidine; Spring Bioscience, Pleasanton, USA) was incubated
for 5 minutes. Harris's hematoxylin was used for counter-staining. Kidney and stomach
samples were used as positive and negative controls for immunohistochemistry staining of -
AR and B>-AR, respectively.

Qualitative and quantitative analyses of B1-and f2-ARs expressions were accomplished
in the tumor section including the invasion front at a 400x magnification. To qualitative
evaluation, staining intensity of tumor cells was scored in negative/weak and moderate/strong
intensity (Wang et al., 2012). To quantitative evaluation, the percentage of positively stained
cells tumor in the invasive front was categorized in < 50% and > 50% (Z. F. Zhang et al.,
2016). Two independent observers (GMK and ALSS) who were blinded to the

clinicopathological features of the patients performed all analyses.

2.5 Statistical Analysis

SPSS software (version 24.0, NY, USA) was used to perform the statistical analysis. The BAI
and BDI were grouped in no/minimum symptoms and low/moderate/high symptoms. The six-
mood profile obtained by the BRUMS test were grouped in higher scores or lower scores for
each mood type according to the median. The comparison between the different categories of
B-ARs expression and clinicopathological, biobehavioral and psychological variables were
performed by Chi-square test or Fisher’s exact test. Multivariate regression analysis was
performed by the stepwise logistic regression method, considering the B-ARs expression

levels as a dependent variable, and the clinicopathological, biobehavioral and psychological
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characteristics as exploratory variables. The level of statistical significance was set at 5%

(p<0.05) for all statistical tests.
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3 RESULTS

3.1 Epidemiological and clinicopathological profile

Ninety-nine patients with OSCC met the inclusion criteria and were included in the current
study. Table 1 shows the demographic, biobehavioral, and clinicopathological features from
OSCC patients. Most of the patients were men (75.8%), middle-aged (68.7%), and married
(61.2%). The principal education level reported was incomplete primary school (30.9%), and
most of the patients had a family income of R$ 1000-5000 per month (48.3%). The majority
(72.4%) of patients reported at least one comorbidity and 42.4% of them related having
hypertension. The main type of antihypertensive used was angiotensin receptor blocker
(18.9%), followed by angiotensin-converting enzyme inhibitors (13.1%), diuretics (12.6%)
and beta-blockers (11.6%) (Table 1). Most OSCC patients had the disease classified in initial
clinical stage (I and II) (56.2%), and tumors microscopically graded as moderately
differentiated (71.6%). Regional metastasis occurred in 37.8% of patients. Almost 43% of
OSCC patients reported pain related to the primary tumor, most of them had moderate pain
(18.4%), followed by 13.3% with intense pain and 11.2% with minimum pain. The clinical
stage are also shown in Table 1. Data concerning tobacco and alcohol consumption, and sleep

quality in last week are presented in Table 2.



Table 1: Demographic and clinicopathological variables of patients with oral squamous cell
carcinoma.

OSCcC
Variable
No. (%)

Age

Mean age (years, SD) 59 (£ 10.9)

0-45y 7(7.1)

46-65y 68 (68.7)

>65y 24 (24.2)
Sex

Male 75 (75.8)

Female 24 (24.2)
Ethinicity

White 66 (66.7)

Non-white 33 (33.3)
Marital status*

Single 19 (19.4)

Married 60 (61.2)

Divorced 11(11.2)

Widowed 8(8.2)
Living alone*

Yes 13 (13.7)

No 82 (86.3)
Education*

Illiterate 6(6.2)

Incomplete primary school 30 (30.9)

Primary school 15 (15.5)

Elementary school 28 (28.9)

High school 14 (14.4)

University 44.1)
Family income*

R$0/mo 3(3.3)

<R$ 1000/mo 35(38.5)

R$1000-5000/mo 44 (48.3)

>R$5000/mo 4(9.9)
Comorbidity*

Yes 71 (72.4)

No 27 (27.6)
CCI score*

0 27 (27.5)

1 28 (28.6)

2 25 (25.5)

3+ 18 (18.4)
Comorbidity type

Hypertension 42 (42.4)

Diabetes 15 (21.1)

Depression* 10 (14.1)



Others
Antihypertensive use
ARB
ACEI
Diuretics
Beta blocker
Pain*
Yes
No
Pain intensity*
No pain
Minimum
Moderate
Intense
T classification*
T1
T2
T3
T4
Regional metastasis™
NO
N+
Clinical stage*
I
11
111
v

Histopathological grade*?

Grade |
Grade 11
Grade 111

5(7.1)

18 (18.9%)
13 (13.1%)
12 (12.6%)
11 (11.6%)

42 (42.9)
56 (57.1)

56 (57.1)
11(11.2)
18 (18.4)
13 (13.3)

28 (28.6)
33 (33.7)
18 (18.3)
19 (19.4)

61 (62.2)
37 (37.8)

28 (28.6)
27 (27.6)
22 (22.4)
21 (21.4)

18 (24.3)
53 (71.6)
3(4.1)

Abbreviation: CCI, Charlson Comorbidity Index;
Angiotensin-Converting Enzyme Inhibitors;
*Variables with missing data.

ARB, Angiotensin Receptor Blocker; ACEI,

2Grade I, well differentiated; grade II, moderately-differentiated; grade III, poorly-differentiated.
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Table 2: Biobehavioral variables of patients with oral squamous cell carcinoma.

OSCC
Variable
No. (%)

Sleep quality™®

Great 17 (17.3)

Good 47 (48.0)

Regular 23 (23.5)

Bad 6 (6.1)

Terrible 5(5.1)
Smoking

No 18 (18.2)

Current smoker 66 (66.6)

Ex-smoker 15 (15.2)
Tobacco intensity

Non-smoker 18 (18.2)

Light 17 (17.2)

Moderate 14 (14.1)

Heavy 50 (50.5)
Alcohol consumption

Non-drinker 19 (19.2)

Current drinker 52 (52.5)

Ex-drinker 28 (28.3)
Alcohol intensity

Non-drinker 19 (19.2)

Light 15 (15.2)

Moderate 22 (22.2)

Heavy 43 (43.4)

*Variables with missing data.
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3.2 Psychological profile
The psychological variables of the OSCC patients are described in Table 3. Most of the

patients displayed minimum levels of anxiety (55.6%) and depressive (55.6%) symptoms,
followed by mild (25.6%, BAI; 18.9%, BDI), moderate (7.8%, BAI; 5.6%, BDI) and severe
symptoms (2.2%, BAI, 4.4%, BDI). The majority of the patients displayed confusion as

preponderant humor (57.7%), followed by tension (19.8%) and vigor (13.2%).

Table 3 Psychological features of patients with oral squamous cell carcinoma.

OSccC
Variable
No. (%)
Anxiety symptoms
No 8(8.9)
Minimum 50 (55.6)
Mild 23 (25.6)
Moderate 7(7.8)
Severe 2(12.2)
Depression symptoms
No 14 (15.6)
Minimum 50 (55.6)
Mild 17 (18.9)
Moderate 5(5.6)
Severe 444
Predominant humor*
Anger 4 (4.4)
Confusion 55(57.7)
Depression 1(1.1)
Fatigue 4(4.4)
Tension 18 (19.8)
Vigor 12 (13.2)

*Variables with missing data
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3.3 Associations between Pi1-AR expression with clinicopathological, biobehavioral and
psychological characteristics

The cancer cells were positive for fi-AR and the immunostaining were observed in the
cytoplasm and plasma membrane of tumor cells, with a diffuse reactivity (Figure 1). The Bi-
AR staining pattern in tumor cells was weaker in invasive front than in the tumor extension.
Considering B1-AR qualitative assessment, univariate analysis demonstrated stronger straining
intensity in tumor samples from the patients who reported higher anger humor (p=0.010).
Higher positivity for Bi-AR expression in OSCC samples were found in OSSC patients who
were drinker and former drinkers (p=0.032), had higher educational levels (p=0.042) and
worse sleep quality (p=0.044) (Table 4). The patients’ smoking habits and other
clinicopathological characteristics were not associated with Bi1-AR expression in OSCC
samples (p>0.05). Bi-AR expression was not significantly correlated with anxiety and
depression symptoms measured by BAI and BDI. In addition, there was no correlation

between 1-AR expression and antihypertensive use (p>0.05).
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Figure 1. Expression pattern of Bi-AR in OSCC specimens. Qualitative assessment
showed negative (A), weak (B), moderate (C) and strong (D) Bi1-AR expression. (Original

magnification x400).



26

3.4 Associations between B2-AR expression and clinicopathological, biobehavioral and
psychological characteristics

B>-AR expression was observed in the cytoplasm and plasma membrane of OSCC cells, with
granular staining pattern (Figure 2). Strong B2-AR staining was also observed in salivary duct
glands, arterial smooth muscle fibers and inflammatory cells. Considering the
clinicopathological and biobehavioral features, stronger intensity of f>-AR expression was
associated with non-married marital status (p=0.027), living alone (p=0.010), occurrence of
regional metastasis (p=0.014), and higher pain levels related to primary tumor (p=0.044). In
quantitative assessment, associations of f2-AR tumor expression with clinicopathological and
biobehavioral characteristics do not reach significance.

In univariate analysis, anxiety and depression symptoms measured by BDI and BAI
were correlated with stronger intensity of B2-AR expression in tumor cells (p=0.010 and
p=0.004, respectively). There were significant associations between f2-AR tumor expression
and four mood profiles assessed by BRUMS test (depressive mood, anger, fatigue and vigor;
p<0.05). Similar to that found with depression symptoms assessed by BDI, higher scores of
depressive mood were correlated with higher intensity and positivity of B2-AR expression in
OSCC cells (p=0.036 and p=0.042, respectively). Higher fatigue scores were correlated with
stronger intensity and higher positivity of B2-AR expression (p=0.010 and p=0.026,
respectively). Vigor score measured by BRUMS was negatively correlated with f2-AR

expression intensity (p=0.037) (Table 4).
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Figure 2. Expression pattern of p2-AR in OSCC specimens. Qualitative assessment

showed negative (A), weak (B), moderate (C) and strong (D) intensity of B2-AR expression

(Original magnification x400).
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Table 4 Associations of B1-AR and B2-AR expression with clinicopathological, biobehavioral,
and psychological characteristics in patients with OSCC.

. a Qualitative assessment Quantitative assessment
Variables (P-Value) (P-Value)
B1-AR expression
Alcohol consumption® .876 .032°
Higher education level 259 .042b¢
Worse sleep quality! .850 .044b<
Anger® .010°¢ .309
B2-AR expression
Non-married marital status 0274 449
Living alone 01054 .091
Regional metastasis 0144 205
Higher pain levels 04454 .103
Higher depressive symptoms 01054 097
Higher anxiety symptoms 00454 519
Higher depressive mood® .036>4 .042b4
Higher fatigue® 01054 0264
Lower vigor® 0374 .068

2The variables' associations with the tumor expression of B1-AR reached statistical significance.
®Values were considered statistically significant at p < .05 (chi-square test or Fisher's exact test).
“No alcohol consumption, current drinker, or former drinker.

4Values were measured with the binary measure (yes or no, good or bad).

“Values evaluated according to population median.
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3.5 Independent predictive factors for pi- and f2-ARs expression

To identify which variables are predictive for Bi-AR and B>-AR expression in OSCC patients,
logistic regression analyses were performed considering qualitative and quantitative
expression in the OSCC samples. Multivariate analysis showed that advanced clinical staging
was a protective factor for Bi-AR expression. Patients with advanced clinical stage had 86%
less chance of having stronger intensity of f1-AR expression (OR = 0.145, 95% CI = 0.025-
0.828, p=0.003) (Table 5). For B>-AR, multivariate analysis showed that anxiety symptoms
measured by BAI and fatigue mood assessed by BRUMS were a risk factor for its expression
in OSCC cells. Patients with no and minimum levels of anxiety symptoms had 4.2-fold
increase in the chance of displaying stronger 2-AR staining intensity (OR = 4.256, 95% CI =
1.439-12.606, p=0.009) compared to OSCC patients with lower score of anxiety. Patients
with higher scores for fatigue mood were 3.8 times more likely to display higher B,-AR
staining positivity (OR = 3.816, 95% CI = 1.258-11.573, p=0.018) than OSCC patients with

lower score for this mood type (Table 5).
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Table S Significant results from stepwise logistic regression analyses considering Bi1-AR and

B>-AR expression as response variable and clinicopathological, biobehavioral, and

psychological data from OSCC patients as independent variables.

Dependent Variable: Bi-AR expression

Independent _ i i _ i i
bl Qualitative evaluation (2 categories) Quantitative evaluation (2 categories)
variable
OR 95% CI Pvalue OR 95% CI Pvalue
Clinical stage - - - 0.145 0.025 -0.828 0.03
Dependent Variable: f2-AR expression
Higheranxiety 559 1 439-12.606  0.009 ) )
symptoms*
Higher fatigue® - - - 3.816 1.258 -11.573  0.018

 Variable assessed by Beck Anxiety Inventory.
bVariable assessed by Brunel Mood Scale.
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4 DISCUSSION

In the current study, our results revealed that initial clinical stage was independently
associated with Bi-AR tumor expression. Furthermore, they also indicated that higher levels
of anxiety and fatigue mood were independent predict factors of B>-AR tumor expression.
Chronic stress-derived catecholamines such as NE and Epi play a pivotal role in the cancer
progression (Huang et al., 2011; Jeong et al.,, 2022). In the tumor microenvironment,
catecholamines act through G protein-coupled adrenergic receptors (subtypes a1, o2, Bi, B2
and B3) located on the surface of tumor cells, endothelial cells, fibroblasts, immune cells, and
other cell types (Bernabé, 2021). The adrenergic signaling activation in tumor cells can
promote malignant transformation and cancer progression (Eng et al., 2014). Several studies
have investigated the relationship between the expression of B-ARs in different types of
tumors specimens and clinicopathological features. For example, increased tumor expression
of B2-AR was significantly associated with advanced clinical stage and occurrence of regional
metastasis (Krishna et al., 2022; Liu et al., 2018). The B2-AR expression are further correlated
to OSCC patients’ prognosis: stronger expression is associated with higher overall and
specific survival (Bravo-Calderén et al., 2011). However, to our knowledge, no study has
evaluated the association of tumor expression of B-AR with biobehavioral, clinicopathological
and psychological features in OSCC patients.

OSCC patients with higher anxiety symptoms had 4.2 times more chance to have
stronger B2-AR tumor expression compared to patients with lower levels of anxiety. Previous
studies have shown the importance of B2-AR and NE in emotional and stress response
(MacCormack et al., 2021). Evidences in preclinical models denote that the locus coeruleus
(LC) is involved in stress response and is linked to anxiety and stress behavior (Morris et al.,

2020). Chronic or repeated stress enhances LC activity releasing NE in regions related with



32

psychiatry disorders, including amygdala, hippocampus and prefrontal cortex, inducing a 3»-
AR response (Zhang et al., 2022). Optogenetic activation of B2-AR in medial prefrontal cortex
can induce anxiety-like behavior, and the receptor lockdown generate an anxiolytic effect (Lei
et al., 2022). Huang et al. evaluated B»-AR expression in ovarian cancer samples, which
results also indicate a positive correlation between 2-AR expression and anxiety symptoms in
multivariate analysis (Huang et al., 2016). Nonetheless, one of the limitations of the present
study is the psychometric instrument utilized. The Beck Anxiety Inventory are not the optical
measure instrument for anxiety in cancer patients. The BAI do not report clinical cut-offs
specifically for cancer patients, and may identify false positives in clinical anxiety symptoms
(Shunmugasundaram et al., 2020).

In multivariate analysis, our results indicated that OSCC patients with higher mood
fatigue score had 3.8-fold increase in the chance of displaying higher B»-AR staining
positivity when compared to lower fatigue patients. Fatigue is the most common and
distressing symptom in cancer patients (Meneses-Echavez et al., 2015). Fatigue symptoms are
linked to chronic stress and autonomic nervous system dysregulation, characterized by a
prolonged sympathetic overactivation (Philipp et al., 2023; Silverman et al., 2010). Chronic
adrenergic stimulation in mental fatigue are associated to reduce B-AR responsiveness
(Euteneuer et al., 2014). B2-AR dysfunction has been related to chronic fatigue symptoms, and
may be caused by Bo-AR autoantibodies, polymorphism and receptor desensitization (Wirth
and Scheibenbogen, 2020). The hyper activation of HPA-axis in chronic fatigue patients may
induce conformational changes in 2-AR, lead to more immunogenic epitopes and production
of antibodies against the receptors (Loebel et al., 2016). Hence, our interpretation for higher
B2-ARs expression in fatigue mood patients is due receptor dysfunction. Decrease of B2-ARs
responsiveness owed to chronic fatigue may increase the receptor expression in tumor cells.

This is the first study that reveals an association between the expression of $2-AR and mental
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fatigue in cancer patients; however, there is a need for a deeper evaluation of B>-ARs
responsiveness and its correlation with fatigue in cancer patients.

The univariate analysis from our study demonstrated a significant correlation between
higher 2-AR tumor expression and depression symptoms, depressive mood, and lower vigor.
However, these variables do not reached significance in stepwise model. Cancer diagnosis
and treatment are highly stressful and potentially traumatic (Cordova et al., 2017). Depression
and anxiety can affect up to 20% and 10% of cancer patients, respectively (Pitman et al.,
2018). Cancer survival patients are significantly more depressed and more anxious than the
general population (Gotze et al., 2020). Major depressive disease (MDD) is a psychiatry
disease that highly influence individuals psychosocial functional and quality of life (Malhi
and Mann, 2018). This psychiatry disorder have a positive association with anger rumination
and low emotional regulation (Besharat et al., 2013). In cancer patients, depression and
anxiety are related with shorter overall survival and worsen prognosis (Aarstad et al., 2005;
Rieke et al., 2017; Walker et al., 2021). Our results indicate a correlation between stronger [2-
AR expression in oral cancer with higher scores of depressive and anxiety symptoms,
indicating a possible association between psychiatry disorders and adrenergic pathway in
tumor microenvironment. Additionally, our results indicate a positive correlation between
negative mood profiles with higher B>-AR expression. Similar results was also identified by
the study conducted by Huang et al. in ovarian cancer patients (Huang et al., 2016). The use
of beta-adrenoceptor agonists in human studies revealed anti-depressive effects, indicating the
association between the adrenergic pathway in depression and resilience to stress (Lecrubier
et al., 1981; Simon et al., 1978).

In the current study, stepwise logistic regression revealed that OSCC patients with
advanced clinical staging had 86% less chance of having higher Bi-AR tumor staining

positivity. However, previous studies indicate a positive correlation between advanced
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clinical stage and higher Bi-AR tumor expression in OSCC patients (Dong et al., 2017; C.
Zhang et al., 2020a). B-adrenergic signaling pathways may affect the cancer prognosis (Eng et
al., 2014). Previous studies showed that a high tumor expression of B1-ARs and 2-ARs
predict reduced survival rate in OSCC patients (Dong et al., 2017; Krishna et al., 2022; Liu et
al., 2018). Otherwise, Bravo-Calderén et al. (2011) revealed that OSCC patients who showed
a strong tumor expression of f2-AR had higher overall and cancer-specific survival than those
individuals with weak/negative expression of P>-AR. Regional metastasis is a strong
prognostic factor in OSCC patients, having important impact on disease staging and patient
survival. Our study reported an association between B2-AR, but not Bi-AR, with cervical
metastasis in the univariate analysis. Other studies also identified the association between [3,-
AR expression with lymphatic metastasis (Dong et al., 2017; Krishna et al., 2022; Shang et
al., 2009; C. Zhang et al., 2020b). These findings demonstrated that the high intensity
expression of B2-AR in OSCC may play a critical role in cervical lymph node metastasis,
suggesting that tumor B-adrenergic signaling may promote cancer progression and affects
patient outcome. Cervical lymph node metastasis is a strong prognostic factor in OSCC
patients, representing a significate impact on patient survival.

The current study has some limitations. First, the staining evaluation of the receptor in
quantitative and qualitative analysis was performed separately, we did not evaluate the
multiplication of both results. Therefore, our results may not indicate the whole tumor sample
evaluated. For the variables sleep quality and primary tumor related pain our study only
evaluated the patient report. Perineural invasion in tumor is also related to pain, and the use of
sleep medications can mask the quality of the patient's sleep. However, these two data were
not evaluated in our sample. Further, ARs activity and its responsiveness in tumor
microenvironment was not accessed, and we did not measure the plasma and tumor levels of

the receptor ligands, including Epi and NE.
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Nonetheless, expression of B-ARs was positively associated with clinicopathological
and psychological data from the OSCC patients. Taken together, our results reveal for the first
time that psychological symptoms, such as anxiety and fatigue symptoms, are predictive
factors for B2-AR expression in OSCC cells. Our data provide additional support that patient’s

psychological features can influence f-adrenergic signaling in oral cancer microenvironment.
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psicologicos ainda nao investigados na etiopatogenia do cancer de boca. Além disso, os resultados

poderdo, em longo prazo, estimular o desenvolvimento de abordagens terapéuticas mais completas para o

tratamento do cancer, que integrem a atencdo aos fatores emocionais e suas manifestagbes clinicas.
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pendéncias atendidas a contento, o protocolo sera retirado do sistema e, portanto, cancelado. No momento

da inclusdo das alteragdes no sistema da Plataforma Brasil atengdo especial devera ser dada ao

cronograma que sera apresentado, visto que nenhum protocolo ja em andamento sera autorizado pelo

sistema CEP/CONEP.
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