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A B S T R A C T

Greater inflammatory signaling has been shown to promote breast cancer disease progression and poorer clinical
outcomes. Lower social support and social well-being have been related to greater inflammatory signaling and
poorer clinical outcomes in women with non-metastatic breast cancer, and this appears to be independent of
depression. However, little is known about these associations in women with metastatic disease. s100A8/A9 and
interleukin 1 beta (IL-1β) proteins are widely studied in breast cancer and are considered as biomarkers of cancer
progression or as having a causal role in carcinogenesis and cancer progression and metastasis via inflammatory
signaling. The aim of this study was to examine the associations between less social/family well-being (SWB) and
S100A8/A9 and IL-1β levels in women diagnosed with metastatic breast cancer. Sixty women (Mean age 58.95 �
1.49) with a diagnosis of metastatic breast cancer participated in the study. The Functional Assessment of Cancer
Therapy (FACT) social and family well-being (SWB) subscale and the Hospital Anxiety Depression Scale (HADS)
were administered to patients undergoing a first- or second-line endocrine or oral chemotherapy treatment and
who were not experiencing brain metastasis or visceral crisis. Salivary s100A8/A9 and IL-1β levels were assessed
at 5PM on two consecutive days and averaged. Multiple regression tested the independent contribution of SWB on
s100 A8/A9 and IL-1b while controlling for depression. Lower levels of SWB were associated with greater
S100A8/A9 (ß ¼ �0.345, p ¼ 0.007) and IL-1β (ß ¼ �0.286, p ¼ 0.027) levels and these associations remained
significant after controlling for depression. This work provides new evidence for the role of decreased SWB and
greater s100A8/A9 and IL-1b levels in patients diagnosed with metastatic breast cancer. Psychosocial in-
terventions that promote social support and positive social interactions through interpersonal skills may help
metastatic breast cancer patients to improve their SWB. This may have salutary effects on cancer-promoting
processes, which could provide psychological and physical health benefits.
The quality and quantity of emotional support received from friends
and family affect a range of health outcomes including mental and
physical health and mortality risk (Umberson and Karas Montez, 2010).
At the biological level social support affects gene expression, intracellular
signaling mechanisms and inflammatory biomarkers (Kiecolt-Glaser
et al., 2010). A large study in Finland found that cancer patients diag-
nosed in 2000–2017 who lived alone had an 11%–80% statistically
significantly increased case-fatality and all-cause mortality after cancer
diagnosis. (Elovainio et al., 2021). In another study, patients with diverse
types of cancer who reported lower social support satisfaction presented
higher levels of C-reactive protein, IL-6, and TNF-α and had greater risk
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of mortality over time (Boen et al., 2018). Thus, a mechanism through
which social isolation, lack of social support and high social strain may
affect increased case fatality-risk and all-cause mortality is inflammation.

Lower levels of social/family wellbeing have been related to greater
leukocyte pro-inflammatory and pro-metastatic gene expression in
women with breast cancer (Jutagir et al., 2017) and with greater in-
flammatory cell signaling in women with ovarian cancer (Lutgendorf
et al., 2002). Importantly, lower social support has also been associated
with shorter survival time in ovarian cancer patients (Lutgendorf et al.,
2012). More recently, socially isolated patients with primary breast tu-
mors were shown to have multiple prometastatic molecular alterations
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Table 1
Characteristics of the sample (n ¼ 60).

Variable Mean � SD or % Median Min-Max

Age, yrs 58.95 � 1.49 59 43–84
Ethnicity, % White 100
Marital status, %
Never married 8.3
Married 70
Divorced 15
Widowed 6.7
Education, yrsa 15.27 � .41 17 9–20
Time since breast cancer
diagnosis, months

95.35 � 13.24 56.5 5–372

Time since metastasis diagnosis,
months

20.89 � 2.7 14 1–99

Depressive symptoms score:
HADS-D 5.97 � .63 6 0–19
Social and Family Well-Being Score:
FACT- SWB 19.6 � .63 19.83 11–28
Stage of disease (%):
IV 100
Hormone (ER/PR) receptor status (%):
Positive 100
Negative 0
HER2 Status (%):
Positive 0
S100A8/A9 mean level (ng/mL)b 8444.2 �

14894.05
3853.5 228.7–101283

IL1-β level (ng/mL)b 242.5 � 293.24 138.9 4.23–1553.97

Abbreviations.
a Values indicate the years of full-time education completed.
b Raw values.

1 The ECOG scale is used to assess performance status and for prognosis
assessment and ability to tolerate chemotherapy; an ECOG score of 0 indicates
fully active, no performance restrictions; ECOG 1, strenuous physical activity
restricted, fully ambulatory and able to perform light work; ECOG 2, capable of
all self-care but unable to perform any work activities up to approximately
>50% of waking hours (Oken et al., 1982).
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such as upregulation of genes involved in epithelial-mesenchymal tran-
sition (EMT) and alternatively activated or M2 macrophage polarization
and increased density of lymphatic vessels in primary tumor and its
microenvironment (Bower et al., 2018). Most of these associations be-
tween poor social support, cancer-promoting biological processes and
clinical outcomes have been documented in patients with non-metastatic
disease. It is however plausible that biological correlates of low social
support may mediate its effects on poorer disease outcomes in metastatic
breast cancer specifically by altering circulating proteins known to pro-
mote cancer progression. Two such proteins are S100A8/A9 and Inter-
leukin 1 beta (IL-1β).

S100/A8 and S100/A9 are Ca2þ binding proteins belonging to the
S100 family and frequently exist in the form of heterodimer called
calprotectin (Pruenster et al., 2016). This heterodimer is a ligand for the
receptor for advanced glycation end products (RAGE), activating nu-
clear factor kappa B (NF-κB), and stimulating the production of
pro-inflammatory cytokines leading to the migration of neutrophils,
monocytes, and macrophages (Gebhardt et al., 2008). In breast cancer,
S100A8 and S100A9 have a role in tumor microenvironment, are
considered crucial factors for establishing the pre-metastatic niche (i.e.,
favorable microenvironment created by primary tumors in secondary
organs and tissue sites for subsequent metastases) at multiple organ
sites and also mediate chemoresistance, tumor progression and shorter
survival (Acharyya et al., 2012; Bresnick et al., 2015; Cancemi et al.,
2018; Li et al., 2014; McKiernan et al., 2011; Yin et al., 2013). More-
over, s100/A8 and A9 promote drug resistance and predict poor
disease-free survival in adjuvant endocrine therapy-treated patients
(Allg€ower et al., 2020; Bresnick et al., 2015; Donato et al., 2012; Hua
et al., 2020; Rafii and Lyden, 2006). Another circulating protein rele-
vant in breast cancer is IL-1β, a member of the interleukin 1 family of
cytokines. IL-1β is an important mediator of the inflammatory response,
and is involved in a variety of other cellular activities, and may promote
both tumor induction and tumor propagation (Bent et al., 2018;
Dinarello, 2014). The functions of s100A8/A9 and IL-1b proteins in
cancer-related inflammation are complex and they are considered
either as biomarkers of cancer progression or as having a causal role in
carcinogenesis and cancer progression and metastasis (Bresnick et al.,
2015; Holen et al., 2016; Mantovani et al., 2018; Ridker et al., 2017; Yin
et al., 2013). Importantly, s100 proteins and IL-1β are viewed as
attractive targets for pharmacologic intervention aiming to control
cancer progression and severity through the blockage or modulation of
their signaling (Bresnick, 2018; Hudson and Lippman, 2018; Kaplanov
et al., 2019; Ridker et al., 2017).

There is growing evidence that psychosocial factors may contribute
to levels of both IL-1β and s100's. IL-1β is increased by psychological
stress (Brydon et al., 2005). A study, based on a preclinical (mouse)
model, reported that a rapid release of s100A8/A9 can be induced by
stress hormones such as epinephrine, norepinephrine, cortisol and se-
rotonin (Perego et al., 2020). As noted previously, lower levels of social
support are related to greater inflammation and poorer disease out-
comes in breast cancer patients and it is reasonable that these effects
may be explained, in part by greater levels of s100s and IL-1β. Because
this literature is focused on breast cancer patients with non-metastatic
disease we know little about how social support deficits relate to
these markers in women with metastatic. The aim of the current study is
to examine the associations between S100A8/A9 and IL-1β levels and
social/family well-being in women diagnosed with metastatic breast
cancer. Specifically, we hypothesized that lower levels of social and
family well-being are associated with higher S100A8/A9 and IL-1β
levels. Since other psychological factors (e.g., depression) have also
been related to lower social support in the one hand (Bener et al., 2017;
Wondimagegnehu et al., 2019) and greater levels of inflammatory
markers on the other (Bouchard et al., 2016), in breast cancer patients,
we sought to examine the independent contribution of lower social
support to s100A8/A9 and IL-1β while controlling for concurrent
depression levels.
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1. Methods

1.1. Subjects characteristics, recruitment and inclusion/exclusion criteria

Women diagnosed with metastatic breast cancer receiving treatment
at the Breast Unit of the Champalimaud Clinical Center in Lisbon were
invited to participate in the study by an oncologist. Patients were con-
sented and recruited continuously until the desired sample size (N ¼ 65)
was achieved. Five patients were excluded during the study, 1 due to
quick deterioration of their health condition and the others because they
did not complete the questionnaires or did not collect their saliva for
biomarker analyses. The total number of patients used in study analyses
were N ¼ 60. Table 1 presents the clinical and demographic character-
istics of the patients.

Study inclusion criteria were: 1) women age >18 years; 2) an Eastern
Cooperative Oncology Group (ECOG) performance status of 0 or11; 3) the
presence of metastatic breast cancer not amenable to curative treatment
by surgery or radiotherapy; 4) having positive ER/PR receptors and
HER2-negative breast cancer; 5) undergoing treatment with endocrine
therapy (i.e., tamoxifen or aromatase inhibitors) or oral chemotherapy
(vinorelbine, capecitabine, or metronomic cyclophosphamide/metho-
trexate) or targeted therapy; 6) receipt of first-line or second-line of
treatment. These criteria were included because patients who are
receiving the first or second line of treatment have good performance
status, absence of visceral crisis, reduced burden of disease and allowed
us to have a homogeneous sample regarding disease condition and
severity, functionality, and treatment exposure; 7) adequate bone
marrow, coagulation, liver, and renal function (assessed by physician at
the clinical visits). Patients were not eligible to participate in the study if
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they had any of the following: 1) the presence of brain or other CNS
metastases, confirmed by a PET scan; 2) receipt of radiation therapy to
the brain or skull lesions; 3) the presence of neurodegenerative or
neurologic disease; 4) current treatment with corticosteroids or intra-
venous chemotherapy; and 5) HER2-positive breast cancer, the presence
of visceral crisis, and/or significant burden of disease.

1.2. Procedure

Eligible patients were informed about the study and invited to
participate by the oncologist. Those who accepted signed an informed
consent form. Ethical approval for this study was obtained from the
Ethics Committee of Champalimaud Foundation (DistressBrain RProject,
180718). A psychologist instructed patients on how to complete the
questionnaires at home. Patients also received a saliva collection kit and
were given oral and written instructions for the collection of their saliva
at home. Kits included pre-labeled collection tubes or “salivettes”, con-
sisting of a plain cotton swab fitted into a plastic holder. Patients stored
their saliva samples in the refrigerator before they returned them to the
lab. One day after collecting the saliva, participants completed the
questionnaires.

1.3. Psychological assessments

We measured social and family well-being and depression by ques-
tionnaires. The Functional Assessment of Cancer Therapy (FACT-G)
(Brucker et al., 2005), evaluates quality of life in cancer patients, and one
module of this scale comprises the social/family well-being (SWB) sub-
scale which has 7 items, rated on a 5-point Likert scale. This scale mea-
sures the perception of emotional support that an individual is receiving
from their friends and family members. The scale includes the following
items: “I feel close to my friends”; “I get emotional support from my
family”, “I get support from my friends”, “My family has accepted the
illness”, “I am satisfied with family communication about the illness”, “I
feel close to my partner (or the person who is my main support)”, “I am
satisfied with my sex life”. Patients reported their perceptions over the
past seven days (Score range: 0–28). We used the Portuguese version of
SWB subscale, which has a Cronbach's alpha value of 0.82 (Pereira and
Santos, 2011). The SWB subscale was previously associated with less
inflammatory cell signaling in women diagnosed with ovarian cancer
(Lutgendorf et al., 2002) and with less leukocyte pro-inflammatory and
pro-metastatic gene expression in women after surgery for breast cancer
(Jutagir et al., 2017).We also administered the Hospital Anxiety and
Depression Scale (HADS) (Zigmond and Snaith, 1983) validated for the
Portuguese population (Pais-Ribeiro et al., 2007). The HADS has good
accuracy in assessing anxiety and depression in cancer patients
(Annunziata et al., 2020). While the HADS is a 14-itemmeasure designed
to assess anxiety and depression symptoms the present study focused
only on the seven items for depression (HADS-D). Each item is endorsed
on a Likert-type scale (0–3) and the score obtained ranges from 0 to 21.
The Portuguese version has good internal consistency with Cronbach's
alpha of 0.81 for the HADS-D.

1.4. Biomarker measurement

The measurement of S100 proteins and IL-1β in saliva has been
considered a valid and reliable method (Idris et al., 2015; Janigro et al.,
2020; Jonasson et al., 2017; Karna et al., 2019; Spiekermann et al., 2017)
and IL-1β is more detectable in saliva than in blood serum (Idris et al.,
2015). In the present study, unstimulated whole saliva was self-collected
by each patient over 2 consecutive days at 5pm with untreated Saliv-
ettes®, as described by the manufacturer (Sarstedt AG & Co. KG, 51588
Nümbrecht, Germany). Saliva was collected at this time to minimize the
impact of diurnal fluctuations. Salivary S100A8/A9 and IL-1β levels were
calculated averaging the value of each day. Saliva samples were ali-
quoted and stored at �80 �C until analysis. S100A8/A9 heterodimer
3

concentrations were measured with a sandwich enzyme-linked immu-
nosorbent assay (ELISA) for human S100A8/A9, following the manu-
facturer's instructions (R & D Systems, Minneapolis, USA). The minimum
detectable dose (MDD) of human S100A8/A9 heterodimer ranges from
0.005 to 0.215 ng/mL. The sensitivity of the assay is 0.086 ng/mL (mean
MDD). Intraclass correlation coefficient (ICC) were calculated for the two
s100A8/A9 measurements, based on absolute-agreement, 2-way
mixed-effects model. ICC ¼ 0.429 (p < 0.05) with 95% confident inter-
val ¼ [0.025; 0.665]. Test-retest coefficient can be considered fair and is
in line with reliability tests of cytokines (Koelman et al., 2019).

IL-β concentrations were measured with a sandwich enzyme-linked
immunosorbent assay (ELISA) specifically designed and validated for
the quantitative measurement of salivary human IL-1β (Salimetrics LLC,
Carlsbad California, USA), following the manufacturer's instructions. The
amount of Streptavidin-HRP detected is proportional to the amount of IL-
1β present in the sample. The minimal concentration of IL-1β that can be
detected is< 0.37 pg/mL. The sensitivity of the assay is 0.6 pg/mL (mean
MDD). The Inter-Assay Coefficient of variability was between 3% and 7%
and the Intra-Assay Coefficient of variability was between 2% and 3%.
ICC were calculated for the two IL-1β measurements, based on absolute-
agreement, 2-waymixed-effects model. ICC¼ 0.756 (p< 0.05) with 95%
confident interval ¼ [0.587; 0.856].

1.5. Statistical analysis

Statistical analyses were conducted using IBM SPSS version 27 (IBM
Corporation). A significance level of 5% for two-tailed tests was set. Prior
to analysis, all data were checked for normality and homogeneity of
variance using Q-Q plots and boxplots. These procedures indicated that
s100A8/A9 and IL-1β data were positively skewed, and the distributions
were not normal. Thus, we used a natural log-transformation of s100A8/
A9 and IL-1β data to obtain a normal distribution and a linear relation-
ship. After this transformation, we conducted a curve estimation
regression procedure which indicated that the relationship between the
dependent and independent variables was linear. The variables age, ed-
ucation, time since breast cancer diagnosis, time since metastasis diag-
nosis and body mass index (BMI) were defined as covariates since they
may be related to distress and inflammatory markers (O'Connor et al.,
2009). These covariates were also controlled in previous studies relating
psychological distress states to immune markers in patients with breast
cancer (Blomberg et al., 2009; Bouchard et al., 2016; Jutagir et al., 2017).
Pearson correlations were used to evaluate the associations of these
covariates with S100A8/A9 and IL-1β. In regression analysis we per-
formed Bias – corrected and accelerated bootstrap confidence intervals
(95%) for unstandardized Beta, with 5000 samples. An apriori power
analysis, using the G*power 3.1 program (Erdfelder et al., 1996), setting
a linear multiple regression; a moderate effect size (f2 ¼ 0.015) (Cohen,
1988); an alpha ¼ .05 (two-sided) and a Beta ¼ 0.20 (power of .80),
indicated that a sample size of 55 would be sufficient. An analysis of
missing values indicated that they were missing completely at random
(MCAR) and that the percentage of missing data in the total dataset was
less than 5%. Scores were imputed using an Expectation-Maximization
(EM) procedure (Gold and Bentler, 2000).

2. Results

2.1. Social/family well-being and s100A8/A9

Bivariate Pearson correlation indicated that BMI correlated signifi-
cantly with S100A8/A9 (R ¼ 0.293, p < 0.05, two-tailed). Age, educa-
tion, time since breast cancer diagnosis and time since metastasis
diagnosis did not correlate with S100A8/A9. Thus, we included BMI as a
covariate in the multivariate model. First, we performed a simple linear
regression to relate social/family well-being (SWB subscale scores) to
s100A8/A9 levels. Results indicated that SWB was significantly nega-
tively correlated with S100A8/A9 levels. The model was significant,
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F(1,58) ¼ 7.838 (p ¼ 0.007), R2 change ¼ 0.119, Std ß ¼ �0.345 (p ¼
0.007), unstd ß ¼ �0.107, CI [�0.182, �0.030]. Next, since BMI was
associated with greater s100A8/A9 we reran this analysis controlling for
BMI. The model was significant F(1,57) ¼ 5.513 (p ¼ 0.007), R2 change ¼
0.162, with SWB significantly associated with S100A8/A9: Std ß ¼
�0.287 (p ¼ 0.027), unstd ß ¼ �0.089, CI [�0.166 -0.010]. However,
BMI was no longer significantly associated with s100A8/A9: Std ß ¼
�0.216 (p ¼ 0.093), unstd ß ¼�0.054, CI [�0.013,0.129]. Fig. 1 depicts
the scatterplot of the simple association between SWB and S100A8/A9.
Examination of the scatter plot indicates that the association was not
being driven by extreme values.
Fig. 2. Scatter plot and regression line for association between social/family
well-being and natural log-transformed salivary IL-1β levels in women with
metastatic breast cancer. Considering Cohen's moderate effect size threshold for
2.2. Social/family well-being and interleukin 1-beta

Bivariate Pearson correlation indicated that no covariate correlated
with IL-1β. Thus, we conducted a simple linear regression model between
IL-1β and SWB. The model was significant, F(1,58)¼ 5.148 (p¼ 0.027), R2

change ¼ 0.082, Std ß ¼ �0.286 (p ¼ 0.027), unstd ß ¼ �0.77, CI
[�0.131, �0.017]. Fig. 2 depicts the scatterplot of the association be-
tween SWB and IL-1β. Examination of the scatter plot indicates that the
association was not being driven by extreme values.
Pearson correlation coefficients (r > 0.3) (Cohen, 1988), the differences in IL-1β
levels levels for high and low social/family well-being are not clinically signif-
icant (The Std ß ¼ �0.286 is equivalent to the Pearson correlation coefficient
when there is a single predictor variable).
2.3. Social/family well-being, s100A8/A9, interleukin 1-beta and
depression

A bivariate Pearson correlation indicated that depression (HADS-D
score) was significantly positively correlated with s100A8/A9 (R ¼ 0.28
p¼ 0.030) and negatively correlated with SWB (R¼�0.399, p¼ 0.002).
Thus, we performed a multiple linear regression to examine the associ-
ation between SWB and s100A8/A9, controlling for depression. The
model was significant F(1,57)¼ 4.765 (p¼ 0.012), R2 change¼ 0.143, but
only SWB was significantly associated with S100A8/A9: Std ß ¼ �0.277
(p ¼ 0.043), unstd ß ¼ �0.086, CI [�0.167, �0.003]. The association of
depression with S100A8/A9was no longer significant once we controlled
for SWB: Std β¼ 0.170 (p¼ 0.210), unstd β¼ 0.045, CI [�0.028, 0.127].

A bivariate Pearson correlation indicated that IL-1β was not signifi-
cantly correlated with depression (HADS-D score) (R ¼ 0.024, p > 0.05)
thus, we did not test for multilinear effects of SWB and depression on IL1-
β.
Fig. 1. Scatter plot and regression line for association between social/family
well-being and natural log-transformed salivary S100A8/A9 levels in women
with metastatic breast cancer. Considering Cohen's moderate effect size
threshold for Pearson correlation coefficients (r > 0.3) (Cohen, 1988), the dif-
ferences in s100A8/A9 levels for high and low social/family well-being are
clinically significant (The Std ß ¼ �0.345 is equivalent to the Pearson correla-
tion coefficient when there is a single predictor variable).
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3. Discussion

The results of this study confirmed our hypothesis that lower levels of
social/family well-being (SWB) were associated higher S100A8/A9 and
IL-1β levels among women with metastatic breast cancer. As far as we
know it is the first study that examined the association of SWB with
s100A8/A9. Also, these findings add evidence about the role of low SWB
in inflammation in breast cancer and extend these associations for the
first time to women with metastatic disease. These results mirror other
reported associations between lower SWB and greater leukocyte pro-
inflammatory and pro-metastatic gene expression in patients with non-
metastatic breast cancer (Jutagir et al., 2017) and are in line with
studies showing that low social support relates to inflammatory processes
in patients with other cancers (Cohen et al., 2012; Lutgendorf et al.,
2008). While depressive symptoms were significantly associated with
greater S100A8/A9 and lower SWB, the association of depressive
symptoms with S100A8/A9 was no longer significant once we controlled
for SWB.

Social adversity may have a powerful influence on physiology
through neuroendocrine, autonomic and immune pathways (Davidson
and McEwen, 2012; McEwen, 2012) and, particularly, in promoting
systemic chronic inflammation, which underlies several diseases (Fur-
man et al., 2019). In line with these findings, studies with patients with
metastatic breast cancer and other metastatic cancers reported that low
social support is related to poorer survival (Cohen et al., 2012; Giese--
Davis et al., 2011; Lutgendorf et al., 2012). Elevations in S100 proteins
have been associated with tumor progression and shorter survival in
breast cancer patients (Cancemi et al., 2018; Li et al., 2014; McKiernan
et al., 2011). Thus, an important area for future research is to examine
how alterations in SWBmaymodulate pro-inflammatory s100 proteins to
influence cancer prognosis and survival. Psychosocial interventions that
promote social support, assertive communication, and positive social
interactions may help metastatic breast cancer patients to improve a
sense of SWB, reduce pro-inflammatory processes and improve clinical
health outcomes such as survival. One randomized controlled trial (RCT)
showed that a psychosocial intervention teaching cognitive and inter-
personal coping skills improved 11-year disease-free survival in breast
cancer patients, effects that were accounted for, in part, by reductions in
a leukocyte pro-inflammatory gene expression profile (Antoni et al.,
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2016) that was also associated with low SWB in breast cancer patients
(Jutagir et al., 2017). In another RCT a psychosocial intervention shown
to improve survival in women with breast cancer who had already
experienced a recurrence (Andersen et al., 2010) may have also
improved SWB via the cognitive and interpersonal coping skills taught in
the intervention. Together these studies suggest that interventions that
provide the skills to improve SWB and other elements of social support in
women with breast cancer may decrease the odds of recurrence or
improve survival after metastatic spread. Future work should test
whether similar interventions can promote long-term survival in the
steadily growing population of HR þ HER2neu-metastatic breast cancer
patients (Lobbezoo et al., 2013). This group of patients with metastatic
breast cancer, the sample used in the present study, are being treated
successfully with life-extending cyclin-dependent kinase 4 and 6
(CDK4/6) inhibitor targeted therapies in combination with
anti-hormonal therapies (Cristofanilli et al., 2016; Finn et al., 2016;
Tripathy et al., 2018). If such targeted therapies transform metastatic
breast cancer into a chronic disease then psychosocial interventions
capable of modulating pro-inflammatory and pro-metastatic processes by
improving SWB and decreasing other aspects of symptom burden and
adversity that may come with these regimens (Oswald et al., 2021) may
provide clinical benefits in the future.

While the present findings are provocative some aspects of the study
design should be considered when interpreting these results. Study lim-
itations were the use of a cross-sectional design and a convenience
sample of patients who were lacking diversity in race/ethnicity and
sociodemographic status. These factors acted to limit any causal con-
clusions and generalizability to other populations beyond well-educated
Caucasian patients with HR þ Her2neu-metastatic breast cancer. More-
over, although the directionality of association between social adversity
and cytokines has been previously established, bidirectional associations
could not be ruled out in this cross-sectional study. For example, IL-1β has
been reported to induce “sickness behavior” since it can activate the
hypothalamic-pituitary-adrenal axis and is a potent regulator of seroto-
nin transporter gene indicating that this interleukin may have a role in
the biology of depression (Licinio andWong, 1999). Besides psychosocial
stress, inflammatory diseases can induce depression as well (Gry-
giel-G�orniak et al., 2019). Another facet of sickness behavior may involve
social and behavioral withdrawal (Dantzer, 2018; DiSabato et al., 2021)
suggesting that social isolation and decreased social interactions may
accompany elevations in IL-1β.

Strengths of this study include the recruitment of a homogenous
sample of women with a specific type and stage of cancer who had a pre-
defined exposure to different forms of cancer treatments, excluding
current treatment with corticosteroids or intravenous chemotherapy.
Because of the possibility that variability in treatment regimens could
impact our inflammatory markers we selected a sample of metastatic
breast cancer patients only receiving first-or second-line treatments
restricted to endocrine therapy and oral chemotherapies and excluded
cases presenting with brain metastasis or who were using corticoids.
While it is infeasible to control for all sources of treatment variability on
study outcomes, we believe that this was a reasonable strategy. More-
over, patients that participated in this study are experiencing a stressful
time, when social resources, such as social ties and family and friends
support may be particularly important (Oswald et al., 2021). In fact,
patients with metastatic disease have an enhanced feeling of uncertainty
because they are more aware about the incurable nature of their disease
and that its evolution is much less predictable (Burnet and Robinson,
2000; Warren, 2010). They also face many challenges such as frequent
medical procedures, chronic side effects and numerous practical con-
cerns in daily life, all of which can compound a sense of stress and
adversity (Mosher et al., 2013). Another strength refers to the evaluation
of a novel marker of inflammation (s100A8/A9) with clinical relevance
to breast cancer and finally the focus on metastatic breast cancer, which
is an understudied population regarding biobehavioral processes and
pathways that can modulate clinical outcomes.
5

4. Summary

We found that low social/family well-being was related to greater
levels of inflammatory biomarkers (s100A8/A9 and IL-1β) in women
with HR þ Her2Neu-metastatic breast cancer. These findings are in line
with a recent review suggesting that changes in the social environment
may promote inflammation (Furman et al., 2019). Psychosocial in-
terventions that promote social support, assertive communication, and
positive social interactions may help metastatic breast cancer patients to
improve their social/family well-being and their ability to request sup-
port from other people in their social network. This may reduce
pro-inflammatory processes that could influence clinical health outcomes
in the understudied but emerging population of women undergoing
treatment for metastatic breast cancer.

Role of the funding source

This study was funded by Fundaç~ao para a Ciência e Tecnologia
(PTDC/MHC-PSC/3897/2014), the National Cancer Institute
(CA064710, HHSN261200800001E), the Florida Department of Health
(6BCE06), and the University of Miami Sylvester Comprehensive Cancer
Center. Without their contribution to all aspects of this study (subject
recruitment, data collection, bioassays, etc.) this study could not have
been accomplished.
Declaration of competing interest

Dr. Antoni discloses that he is a paid consultant for Blue Note Ther-
apeutics, and Atlantis Healthcare, two digital health software companies
specializing in developing psychosocial interventions for medical pa-
tients. The other authors have no conflicts of interest to declare.

Acknowledgments

We thank all the professionals from the Breast Unit, and Clinical
Research Unit of the Champalimaud Clinical Center, Champalimaud
Foundation, for their collaboration in this project.

References

Acharyya, S., Oskarsson, T., Vanharanta, S., Malladi, S., Kim, J., Morris, P.G., Manova-
Todorova, K., Leversha, M., Hogg, N., Seshan, V.E., Norton, L., Brogi, E., Massagu�e, J.,
2012. A CXCL1 paracrine network links cancer chemoresistance and metastasis. Cell
150, 165–178. https://doi.org/10.1016/j.cell.2012.04.042.

Allg€ower, C., Kretz, A.-L., von Karstedt, S., Wittau, M., Henne-Bruns, D., Lemke, J., 2020.
Friend or foe: S100 proteins in cancer. Cancers 12, 2037. https://doi.org/10.3390/
cancers12082037.

Andersen, B.L., Thornton, L.M., Shapiro, C.L., Farrar, W.B., Mundy, B.L., Yang, H.C.,
Carson, W.E., 2010. Biobehavioral, immune, and health benefits following recurrence
for psychological intervention participants. Clin. Cancer Res. 16, 3270–3278. https://
doi.org/10.1158/1078-0432.CCR-10-0278.

Annunziata, M.A., Muzzatti, B., Bidoli, E., Flaiban, C., Bomben, F., Piccinin, M.,
Gipponi, K.M., Mariutti, G., Busato, S., Mella, S., 2020. Hospital anxiety and
depression scale (HADS) accuracy in cancer patients. Support. Care Cancer 28,
3921–3926. https://doi.org/10.1007/s00520-019-05244-8.

Antoni, M.H., Bouchard, L.C., Jacobs, J.M., Lechner, S.C., Jutagir, D.R., Gudenkauf, L.M.,
Carver, C.S., Lutgendorf, S.K., Cole, S.W., Lippman, M., Blomberg, B.B., 2016. Stress
management, leukocyte transcriptional changes and breast cancer recurrence in a
randomized trial: an exploratory analysis. Psychoneuroendocrinology 74, 269–277.
https://doi.org/10.1016/j.psyneuen.2016.09.012.

Bener, A., Alsulaiman, R., Doodson, L., Agathangelou, T., 2017. Depression, hopelessness
and social support among breast cancer patients: in highly endogamous population.
Asian Pac. J. Cancer Prev. APJCP 18, 1889–1896. https://doi.org/10.22034/
APJCP.2017.18.7.1889.

Bent, R., Moll, L., Grabbe, S., Bros, M., 2018. Interleukin-1 beta—a friend or foe in
malignancies? Int. J. Mol. Sci. 19. https://doi.org/10.3390/ijms19082155.

Blomberg, B.B., Alvarez, J.P., Diaz, A., Romero, M.G., Lechner, S.C., Carver, C.S.,
Holley, H., Antoni, M.H., 2009. Psychosocial adaptation and cellular immunity in
breast cancer patients in the weeks after surgery: an exploratory study. J. Psychosom.
Res. 67, 369–376. https://doi.org/10.1016/j.jpsychores.2009.05.016.

Boen, C.E., Barrow, D.A., Bensen, J.T., Farnan, L., Gerstel, A., Hendrix, L.H., Yang, Y.C.,
2018. Social relationships, inflammation, and cancer survival. Cancer Epidemiol.
Biomark. Prev. 27, 541–549. https://doi.org/10.1158/1055-9965.EPI-17-0836.

https://doi.org/10.1016/j.cell.2012.04.042
https://doi.org/10.3390/cancers12082037
https://doi.org/10.3390/cancers12082037
https://doi.org/10.1158/1078-0432.CCR-10-0278
https://doi.org/10.1158/1078-0432.CCR-10-0278
https://doi.org/10.1007/s00520-019-05244-8
https://doi.org/10.1016/j.psyneuen.2016.09.012
https://doi.org/10.22034/APJCP.2017.18.7.1889
https://doi.org/10.22034/APJCP.2017.18.7.1889
https://doi.org/10.3390/ijms19082155
https://doi.org/10.1016/j.jpsychores.2009.05.016
https://doi.org/10.1158/1055-9965.EPI-17-0836


J.C. Reis et al. Brain, Behavior, & Immunity - Health 21 (2022) 100433
Bouchard, L.C., Antoni, M.H., Blomberg, B.B., Stagl, J.M., Gudenkauf, L.M., Jutagir, D.R.,
Diaz, A., Lechner, S., Glück, S., Derhagopian, R.P., Carver, C.S., 2016. Postsurgical
depressive symptoms and proinflammatory cytokine elevations in women
undergoing primary treatment for breast cancer. Psychosom. Med. 78, 26–37.
https://doi.org/10.1097/PSY.0000000000000261.

Bower, J.E., Shiao, S.L., Sullivan, P., Lamkin, D.M., Atienza, R., Mercado, F., Arevalo, J.,
Asher, A., Ganz, P.A., Cole, S.W., 2018. Prometastatic molecular profiles in breast
tumors from socially isolated women. JNCI Cancer Spectr. 2, 1–7. https://doi.org/
10.1093/jncics/pky029.

Bresnick, A.R., 2018. S100 proteins as therapeutic targets. Biophysical Reviews 10,
1617–1629. https://doi.org/10.1007/s12551-018-0471-y.

Bresnick, A.R., Weber, D.J., Zimmer, D.B., 2015. S100 proteins in cancer. Nat. Rev.
Cancer 15, 96–109. https://doi.org/10.1038/nrc3893.

Brucker, P.S., Yost, K., Cashy, J., Webster, K., Cella, D., 2005. General population and
cancer patient norms for the functional assessment of cancer therapy-general (FACT-
G). Eval. Health Prof. 28, 192–211. https://doi.org/10.1177/0163278705275341.

Brydon, L., Edwards, S., Jia, H., Mohamed-Ali, V., Zachary, I., Martin, J.F., Steptoe, A.,
2005. Psychological stress activates interleukin-1β gene expression in human
mononuclear cells. Brain Behav. Immun. 19, 540–546. https://doi.org/10.1016/
j.bbi.2004.12.003.

Burnet, K., Robinson, L., 2000. Psychosocial impact of recurrent cancer. Eur. J. Oncol.
Nurs. 4, 29–38. https://doi.org/10.1054/ejon.1999.0033.

Cancemi, P., Buttacavoli, M., Cara, G. Di, Albanese, N.N., Bivona, S., Pucci-Minafra, I.,
Feo, S., 2018. A multiomics analysis of S100 protein family in breast cancer.
Oncotarget 9, 29064–29081. https://doi.org/10.18632/oncotarget.25561.

Cohen, J., 1988. Statistical Power Analysis of the Behavioral Sciences. Lawrence
Earlbaum Associates. https://doi.org/10.1234/12345678.

Cohen, L., Cole, S.W., Sood, A.K., Prinsloo, S., Kirschbaum, C., Arevalo, J.M.G.,
Jennings, N.B., Scott, S., Vence, L., Wei, Q., Kentor, D., Radvanyi, L., Tannir, N.,
Jonasch, E., Tamboli, P., Pisters, L., 2012. Depressive symptoms and cortisol
Rhythmicity predict survival in patients with renal cell carcinoma: role of
inflammatory signaling. PLoS One 7, e42324. https://doi.org/10.1371/
journal.pone.0042324.

Cristofanilli, M., Turner, N.C., Bondarenko, I., Ro, J., Im, S.-A., Masuda, N., Colleoni, M.,
DeMichele, A., Loi, S., Verma, S., Iwata, H., Harbeck, N., Zhang, K., Theall, K.P.,
Jiang, Y., Bartlett, C.H., Koehler, M., Slamon, D., 2016. Fulvestrant plus palbociclib
versus fulvestrant plus placebo for treatment of hormone-receptor-positive, HER2-
negative metastatic breast cancer that progressed on previous endocrine therapy
(PALOMA-3): final analysis of the multicentre, double-blind, phas. Lancet Oncol. 17,
425–439. https://doi.org/10.1016/S1470-2045(15)00613-0.

Dantzer, R., 2018. Neuroimmune interactions: from the brain to the immune system and
vice versa. Physiol. Rev. 98, 477–504. https://doi.org/10.1152/
physrev.00039.2016.

Davidson, R.J., McEwen, B.S., 2012. Social influences on neuroplasticity: stress and
interventions to promote well-being. Nat. Neurosci. 15, 689–695. https://doi.org/
10.1038/nn.3093.

Dinarello, C.A., 2014. An expanding role for interleukin-1 blockade from gout to cancer.
Mol. Med. 20, S43–S58. https://doi.org/10.2119/molmed.2014.00232.

DiSabato, D.J., Nemeth, D.P., Liu, X., Witcher, K.G., O'Neil, S.M., Oliver, B., Bray, C.E.,
Sheridan, J.F., Godbout, J.P., Quan, N., 2021. Interleukin-1 receptor on hippocampal
neurons drives social withdrawal and cognitive deficits after chronic social stress.
Mol. Psychiatr. 26, 4770–4782. https://doi.org/10.1038/s41380-020-0788-3.

Donato, R., Cannon, B.R., Sorci, G., Riuzzi, F., Hsu, K., Weber, J., D, L., Geczy, C., 2012.
Functions of S100 proteins. Curr. Mol. Med. 13, 24–57. https://doi.org/10.2174/
156652413804486214.

Elovainio, M., Lumme, S., Arffman, M., Manderbacka, K., Pukkala, E., Hakulinen, C.,
2021. Living alone as a risk factor for cancer incidence, case-fatality and all-cause
mortality: a nationwide registry study: living alone and cancer. SSM - Population
Health 15, 100826. https://doi.org/10.1016/j.ssmph.2021.100826.

Erdfelder, E., Faul, F., Buchner, A., 1996. GPOWER: a general power analysis program.
Behav. Res. Methods Instrum. Comput. 28, 1–11. https://doi.org/10.3758/
BF03203630.

Finn, R.S., Martin, M., Rugo, H.S., Jones, S., Im, S.-A., Gelmon, K., Harbeck, N.,
Lipatov, O.N., Walshe, J.M., Moulder, S., Gauthier, E., Lu, D.R., Randolph, S.,
Di�eras, V., Slamon, D.J., 2016. Palbociclib and letrozole in advanced breast cancer.
N. Engl. J. Med. 375, 1925–1936. https://doi.org/10.1056/NEJMoa1607303.

Furman, D., Campisi, J., Verdin, E., Carrera-Bastos, P., Targ, S., Franceschi, C.,
Ferrucci, L., Gilroy, D.W., Fasano, A., Miller, G.W., Miller, A.H., Mantovani, A.,
Weyand, C.M., Barzilai, N., Goronzy, J.J., Rando, T.A., Effros, R.B., Lucia, A.,
Kleinstreuer, N., Slavich, G.M., 2019. Chronic inflammation in the etiology of disease
across the life span. Nat. Med. 25, 1822–1832. https://doi.org/10.1038/s41591-019-
0675-0.

Gebhardt, C., Riehl, A., Durchdewald, M., N�emeth, J., Fürstenberger, G., Müller-
Decker, K., Enk, A., Arnold, B., Bierhaus, A., Nawroth, P.P., Hess, J., Angel, P., 2008.
RAGE signaling sustains inflammation and promotes tumor development. J. Exp.
Med. 205, 275–285. https://doi.org/10.1084/jem.20070679.

Giese-Davis, J., Collie, K., Rancourt, K.M.S., Neri, E., Kraemer, H.C., Spiegel, D., 2011.
Decrease in depression symptoms is associated with longer survival in patients with
metastatic breast cancer: a secondary analysis. J. Clin. Oncol. 29, 413–420. https://
doi.org/10.1200/JCO.2010.28.4455.

Gold, M.S., Bentler, P.M., 2000. Treatments of missing data: a Monte Carlo comparison of
RBHDI, iterative stochastic regression imputation, and expectation-maximization.
Struct. Equ. Model.: A Multidiscip. J. 7, 319–355. https://doi.org/10.1207/
S15328007SEM0703_1.
6

Grygiel-G�orniak, B., Limphaibool, N., Puszczewicz, M., 2019. Cytokine secretion and the
risk of depression development in patients with connective tissue diseases. Psychiatr.
Clin. Neurosci. 73, 302–316. https://doi.org/10.1111/pcn.12826.

Holen, I., Lefley, D.V., Francis, S.E., Rennicks, S., Bradbury, S., Coleman, R.E.,
Ottewell, P., 2016. IL-1 drives breast cancer growth and bone metastasis in vivo.
Oncotarget 7, 75571–75584. https://doi.org/10.18632/oncotarget.12289.

Hua, X., Zhang, H., Jia, J., Chen, S., Sun, Y., Zhu, X., 2020. Roles of S100 family members
in drug resistance in tumors: status and prospects. Biomed. Pharmacother. 127,
110156. https://doi.org/10.1016/j.biopha.2020.110156.

Hudson, B.I., Lippman, M.E., 2018. Targeting RAGE signaling in inflammatory disease.
Annu. Rev. Med. 69. https://doi.org/10.1146/annurev-med-041316-085215
annurev-med-041316-085215.

Idris, A., Ghazali, N.B., Koh, D., 2015. Interleukin 1β—A Potential Salivary Biomarker for
Cancer Progression? Biomarkers in Cancer, 7. https://doi.org/10.4137/bic.s25375.
BIC.S25375.

Janigro, D., Kawata, K., Silverman, E., Marchi, N., Diaz-Arrastia, R., 2020. Is salivary
S100B a biomarker of traumatic brain injury? A pilot study. Front. Neurol. 11, 1–6.
https://doi.org/10.3389/fneur.2020.00528.

Jonasson, L., Larsen, H.G., Lundberg, A.K., Gullstrand, B., Bengtsson, A.A., Schiopu, A.,
2017. Stress-induced release of the S100A8/A9 alarmin is elevated in coronary artery
disease patients with impaired cortisol response. Sci. Rep. 7, 1–9. https://doi.org/
10.1038/s41598-017-17586-6.

Jutagir, D.R., Blomberg, B.B., Carver, C.S., Lechner, S.C., Timpano, K.R., Bouchard, L.C.,
Gudenkauf, L.M., Jacobs, J.M., Diaz, A., Lutgendorf, S.K., Cole, S.W., Heller, A.S.,
Antoni, M.H., 2017. Social well-being is associated with less pro-inflammatory and
pro-metastatic leukocyte gene expression in women after surgery for breast cancer.
Breast Cancer Res. Treat. 165, 169–180. https://doi.org/10.1007/s10549-017-4316-
3.

Kaplanov, I., Carmi, Y., Kornetsky, R., Shemesh, A., Shurin, G.V., Shurin, M.R.,
Dinarello, C.A., Voronov, E., Apte, R.N., 2019. Blocking IL-1β reverses the
immunosuppression in mouse breast cancer and synergizes with anti–PD-1 for tumor
abrogation. Proc. Natl. Acad. Sci. Unit. States Am. 116, 1361–1369. https://doi.org/
10.1073/pnas.1812266115.

Karna, S., Shin, Y.J., Kim, S., Kim, H.D., 2019. Salivary S100 proteins screen periodontitis
among Korean adults. J. Clin. Periodontol. 46, 181–188. https://doi.org/10.1111/
jcpe.13059.

Kiecolt-Glaser, J.K., Gouin, J.-P., Hantsoo, L., 2010. Close relationships, inflammation,
and health. Neurosci. Biobehav. Rev. 35, 33–38. https://doi.org/10.1016/
j.neubiorev.2009.09.003.

Koelman, L., Pivovarova-Ramich, O., Pfeiffer, A.F.H., Grune, T., Aleksandrova, K., 2019.
Cytokines for evaluation of chronic inflammatory status in ageing research: reliability
and phenotypic characterisation. Immun. Ageing 16, 1–12. https://doi.org/10.1186/
s12979-019-0151-1.

Li, F., Men, X., Zhang, W., 2014. S100 protein in breast tumor. Indian J. Cancer 51,
e67–e71. https://doi.org/10.4103/0019-509X.154046.

Licinio, J., Wong, M.L., 1999. The role of inflammatory mediators in the biology of major
depression: central nervous system cytokines modulate the biological substrate of
depressive symptoms, regulate stress-responsive systems, and contribute to
neurotoxicity and neuroprotection. Mol. Psychiatr. 4, 317–327. https://doi.org/
10.1038/sj.mp.4000586.

Lobbezoo, D.J.A., van Kampen, R.J.W., Voogd, A.C., Dercksen, M.W., van den
Berkmortel, F., Smilde, T.J., van de Wouw, A.J., Peters, F.P.J., van Riel, J.M.G.H.,
Peters, N.A.J.B., de Boer, M., Borm, G.F., Tjan-Heijnen, V.C.G., 2013. Prognosis of
metastatic breast cancer subtypes: the hormone receptor/HER2-positive subtype is
associated with the most favorable outcome. Breast Cancer Res. Treat. 141, 507–514.
https://doi.org/10.1007/s10549-013-2711-y.

Lutgendorf, S.K., De Geest, K., Bender, D., Ahmed, A., Goodheart, M.J., Dahmoush, L.,
Zimmerman, M.B., Penedo, F.J., Lucci, J.A., Ganjei-Azar, P., Thaker, P.H., Mendez, L.,
Lubaroff, D.M., Slavich, G.M., Cole, S.W., Sood, A.K., 2012. Social influences on
clinical outcomes of patients with ovarian cancer. J. Clin. Oncol. 30, 2885–2890.
https://doi.org/10.1200/JCO.2011.39.4411.

Lutgendorf, S.K., Johnsen, E.L., Cooper, B., Anderson, B., Sorosky, J.I., Buller, R.E.,
Sood, A.K., 2002. Vascular endothelial growth factor and social support in patients
with ovarian carcinoma. Cancer 95, 808–815. https://doi.org/10.1002/cncr.10739.

Lutgendorf, S.K., Lamkin, D.M., Jennings, N.B., Arevalo, J.M.G., Penedo, F., DeGeest, K.,
Langley, R.R., Lucci, J.A., Cole, S.W., Lubaroff, D.M., Sood, A.K., 2008. Biobehavioral
influences on matrix metalloproteinase expression in ovarian carcinoma. Clin. Cancer
Res. 14, 6839–6846. https://doi.org/10.1158/1078-0432.CCR-08-0230.

Mantovani, A., Barajon, I., Garlanda, C., 2018. IL-1 and IL-1 regulatory pathways in
cancer progression and therapy. Immunol. Rev. 281, 57–61. https://doi.org/
10.1111/imr.12614.

McEwen, B.S., 2012. Brain on stress: how the social environment gets under the skin.
Proc. Natl. Acad. Sci. Unit. States Am. 109, 17180–17185. https://doi.org/10.1073/
pnas.1121254109.

McKiernan, E., McDermott, E.W., Evoy, D., Crown, J., Duffy, M.J., 2011. The role of S100
genes in breast cancer progression. Tumor Biol. 32, 441–450. https://doi.org/
10.1007/s13277-010-0137-2.

Mosher, C.E., Johnson, C., Dickler, M., Norton, L., Massie, M.J., DuHamel, K., 2013.
Living with metastatic breast cancer: a qualitative analysis of physical, psychological,
and social sequelae. Breast J. 19, 285–292. https://doi.org/10.1111/tbj.12107.

O'Connor, M.-F., Bower, J.E., Cho, H.J., Creswell, J.D., Dimitrov, S., Hamby, M.E.,
Hoyt, M.A., Martin, J.L., Robles, T.F., Sloan, E.K., Thomas, K.S., Irwin, M.R., 2009. To
assess, to control, to exclude: effects of biobehavioral factors on circulating
inflammatory markers. Brain Behav. Immun. 23, 887–897. https://doi.org/10.1016/
j.bbi.2009.04.005.

https://doi.org/10.1097/PSY.0000000000000261
https://doi.org/10.1093/jncics/pky029
https://doi.org/10.1093/jncics/pky029
https://doi.org/10.1007/s12551-018-0471-y
https://doi.org/10.1038/nrc3893
https://doi.org/10.1177/0163278705275341
https://doi.org/10.1016/j.bbi.2004.12.003
https://doi.org/10.1016/j.bbi.2004.12.003
https://doi.org/10.1054/ejon.1999.0033
https://doi.org/10.18632/oncotarget.25561
https://doi.org/10.1234/12345678
https://doi.org/10.1371/journal.pone.0042324
https://doi.org/10.1371/journal.pone.0042324
https://doi.org/10.1016/S1470-2045(15)00613-0
https://doi.org/10.1152/physrev.00039.2016
https://doi.org/10.1152/physrev.00039.2016
https://doi.org/10.1038/nn.3093
https://doi.org/10.1038/nn.3093
https://doi.org/10.2119/molmed.2014.00232
https://doi.org/10.1038/s41380-020-0788-3
https://doi.org/10.2174/156652413804486214
https://doi.org/10.2174/156652413804486214
https://doi.org/10.1016/j.ssmph.2021.100826
https://doi.org/10.3758/BF03203630
https://doi.org/10.3758/BF03203630
https://doi.org/10.1056/NEJMoa1607303
https://doi.org/10.1038/s41591-019-0675-0
https://doi.org/10.1038/s41591-019-0675-0
https://doi.org/10.1084/jem.20070679
https://doi.org/10.1200/JCO.2010.28.4455
https://doi.org/10.1200/JCO.2010.28.4455
https://doi.org/10.1207/S15328007SEM0703_1
https://doi.org/10.1207/S15328007SEM0703_1
https://doi.org/10.1111/pcn.12826
https://doi.org/10.18632/oncotarget.12289
https://doi.org/10.1016/j.biopha.2020.110156
https://doi.org/10.1146/annurev-med-041316-085215
https://doi.org/10.4137/bic.s25375
https://doi.org/10.3389/fneur.2020.00528
https://doi.org/10.1038/s41598-017-17586-6
https://doi.org/10.1038/s41598-017-17586-6
https://doi.org/10.1007/s10549-017-4316-3
https://doi.org/10.1007/s10549-017-4316-3
https://doi.org/10.1073/pnas.1812266115
https://doi.org/10.1073/pnas.1812266115
https://doi.org/10.1111/jcpe.13059
https://doi.org/10.1111/jcpe.13059
https://doi.org/10.1016/j.neubiorev.2009.09.003
https://doi.org/10.1016/j.neubiorev.2009.09.003
https://doi.org/10.1186/s12979-019-0151-1
https://doi.org/10.1186/s12979-019-0151-1
https://doi.org/10.4103/0019-509X.154046
https://doi.org/10.1038/sj.mp.4000586
https://doi.org/10.1038/sj.mp.4000586
https://doi.org/10.1007/s10549-013-2711-y
https://doi.org/10.1200/JCO.2011.39.4411
https://doi.org/10.1002/cncr.10739
https://doi.org/10.1158/1078-0432.CCR-08-0230
https://doi.org/10.1111/imr.12614
https://doi.org/10.1111/imr.12614
https://doi.org/10.1073/pnas.1121254109
https://doi.org/10.1073/pnas.1121254109
https://doi.org/10.1007/s13277-010-0137-2
https://doi.org/10.1007/s13277-010-0137-2
https://doi.org/10.1111/tbj.12107
https://doi.org/10.1016/j.bbi.2009.04.005
https://doi.org/10.1016/j.bbi.2009.04.005


J.C. Reis et al. Brain, Behavior, & Immunity - Health 21 (2022) 100433
Oken, M.M., Creech, R.H., Tormey, D.C., Horton, J., Davis, T.E., McFadden, E.T.,
Carbone, P.P., 1982. Toxicity and response criteria of the Eastern Cooperative
Oncology Group. Am. J. Clin. Oncol. 5 (6), 649–655.

Oswald, L.B., Arredondo, B., Kadono, M., Martinez-Tyson, D., Meade, C.D., Penedo, F.,
Antoni, M.H., Soliman, H., Costa, R.L.B., Jim, H.S.L., 2021. A mixed-methods study of
cyclin-dependent kinase 4 and 6 inhibitor symptom burden and quality of life among
metastatic breast cancer patients and providers. Cancer Medicine 10, 4823–4831.
https://doi.org/10.1002/cam4.4055.

Pais-Ribeiro, J., Silva, I., Ferreira, T., Martins, A., Meneses, R., Baltar, M., 2007.
Validation study of a Portuguese version of the hospital anxiety and depression scale.
Psychol. Health Med. 12, 225–237. https://doi.org/10.1080/13548500500524088.

Perego, M., Tyurin, V.A., Tyurina, Y.Y., Yellets, J., Nacarelli, T., Lin, C., Nefedova, Y.,
Kossenkov, A., Liu, Q., Sreedhar, S., Pass, H., Roth, J., Vogl, T., Feldser, D., Zhang, R.,
Kagan, V.E., Gabrilovich, D.I., 2020. Reactivation of dormant tumor cells by modified
lipids derived from stress-activated neutrophils. Sci. Transl. Med. 12. https://doi.org/
10.1126/scitranslmed.abb5817.

Pereira, F.M.P., Santos, C.S.V. de B., 2011. Study of cultural adaptation and validation of
the functional assessment of cancer therapy-general in palliative care units. Revista
de Enfermagem Referencia 45–54. https://doi.org/10.12707/RIII1041, 2011.

Pruenster, M., Vogl, T., Roth, J., Sperandio, M., 2016. S100A8/A9: from basic science to
clinical application. Pharmacol. Ther. 167, 120–131. https://doi.org/10.1016/
j.pharmthera.2016.07.015.

Rafii, S., Lyden, D., 2006. S100 chemokines mediate bookmarking of premetastatic
niches. Nat. Cell Biol. 8, 1321–1323. https://doi.org/10.1038/ncb1206-1321.

Ridker, P.M., MacFadyen, J.G., Thuren, T., Everett, B.M., Libby, P., Glynn, R.J., Ridker, P.,
Lorenzatti, A., Krum, H., Varigos, J., Siostrzonek, P., Sinnaeve, P., Fonseca, F.,
Nicolau, J., Gotcheva, N., Genest, J., Yong, H., Urina-Triana, M., Milicic, D.,
Cifkova, R., Vettus, R., Koenig, W., Anker, S.D., Manolis, A.J., Wyss, F., Forster, T.,
Sigurdsson, A., Pais, P., Fucili, A., Ogawa, H., Shimokawa, H., Veze, I.,
Petrauskiene, B., Salvador, L., Kastelein, J., Cornel, J.H., Klemsdal, T.O., Medina, F.,
Budaj, A., Vida-Simiti, L., Kobalava, Z., Otasevic, P., Pella, D., Lainscak, M., Seung, K.-
B., Commerford, P., Dellborg, M., Donath, M., Hwang, J.-J., Kultursay, H.,
Flather, M., Ballantyne, C., Bilazarian, S., Chang, W., East, C., Everett, B., Forgosh, L.,
Glynn, R., Harris, B., Libby, P., Ligueros, M., Thuren, T., Bohula, E., Charmarthi, B.,
Cheng, S., Chou, S., Danik, J., McMahon, G., Maron, B., Ning, M., Olenchock, B.,
Pande, R., Perlstein, T., Pradhan, A., Rost, N., Singhal, A., Taqueti, V., Wei, N.,
Burris, H., Cioffi, A., Dalseg, A.M., Ghosh, N., Gralow, J., Mayer, T., Rugo, H.,
Fowler, V., Limaye, A.P., Cosgrove, S., Levine, D., Lopes, R., Scott, J., Thuren, T.,
7

Ligueros, M., Hilkert, R., Tamesby, G., Mickel, C., Manning, B., Woelcke, J., Tan, M.,
Manfreda, S., Ponce, T., Kam, J., Saini, R., Banker, K., Salko, T., Nandy, P., Tawfik, R.,
O'Neil, G., Manne, S., Jirvankar, P., Lal, S., Nema, D., Jose, J., Collins, R., Bailey, K.,
Blumenthal, R., Colhoun, H., Gersh, B., Glynn, R.J., 2017. Effect of interleukin-1β
inhibition with canakinumab on incident lung cancer in patients with atherosclerosis:
exploratory results from a randomised, double-blind, placebo-controlled trial. Lancet
390, 1833–1842. https://doi.org/10.1016/S0140-6736(17)32247-X.

Spiekermann, C., Russo, A., Stenner, M., Rudack, C., Roth, J., Vogl, T., 2017. Increased
levels of S100A8/A9 in patients with peritonsillar abscess: a new promising
diagnostic marker to differentiate between peritonsillar abscess and peritonsillitis.
Dis. Markers 2017. https://doi.org/10.1155/2017/9126560.

Tripathy, D., Im, S.-A., Colleoni, M., Franke, F., Bardia, A., Harbeck, N., Hurvitz, S.A.,
Chow, L., Sohn, J., Lee, K.S., Campos-Gomez, S., Villanueva Vazquez, R., Jung, K.H.,
Babu, K.G., Wheatley-Price, P., De Laurentiis, M., Im, Y.-H., Kuemmel, S., El-
Saghir, N., Liu, M.-C., Carlson, G., Hughes, G., Diaz-Padilla, I., Germa, C., Hirawat, S.,
Lu, Y.-S., 2018. Ribociclib plus endocrine therapy for premenopausal women with
hormone-receptor-positive, advanced breast cancer (MONALEESA-7): a randomised
phase 3 trial. Lancet Oncol. 19, 904–915. https://doi.org/10.1016/S1470-2045(18)
30292-4.

Umberson, D., Karas Montez, J., 2010. Social relationships and health: a flashpoint for
health policy. J. Health Soc. Behav. 51, S54–S66. https://doi.org/10.1177/
0022146510383501.

Warren, M., 2010. Uncertainty, lack of control and emotional functioning in women with
metastatic breast cancer: a review and secondary analysis of the literature using the
critical appraisal technique. Eur. J. Cancer Care 19, 564–574. https://doi.org/
10.1111/j.1365-2354.2010.01215.x.

Wondimagegnehu, A., Abebe, W., Abraha, A., Teferra, S., 2019. Depression and social
support among breast cancer patients in Addis Ababa, Ethiopia. BMC Cancer 19, 1–8.
https://doi.org/10.1186/s12885-019-6007-4.

Yin, C., Li, H., Zhang, B., Liu, Y., Lu, G., Lu, S., Sun, L., Qi, Y., Li, X., Chen, W., 2013.
RAGE-binding S100A8/A9 promotes the migration and invasion of human breast
cancer cells through actin polymerization and epithelial-mesenchymal transition.
Breast Cancer Res. Treat. 142, 297–309. https://doi.org/10.1007/s10549-013-2737-
1.

Zigmond, A.S., Snaith, R.P., 1983. The hospital anxiety and depression scale. Acta
Psychiatr. Scand. 67, 361–370. https://doi.org/10.1111/j.1600-
0447.1983.tb09716.x.

http://refhub.elsevier.com/S2666-3546(22)00023-0/sref56
http://refhub.elsevier.com/S2666-3546(22)00023-0/sref56
http://refhub.elsevier.com/S2666-3546(22)00023-0/sref56
http://refhub.elsevier.com/S2666-3546(22)00023-0/sref56
https://doi.org/10.1002/cam4.4055
https://doi.org/10.1080/13548500500524088
https://doi.org/10.1126/scitranslmed.abb5817
https://doi.org/10.1126/scitranslmed.abb5817
https://doi.org/10.12707/RIII1041
https://doi.org/10.1016/j.pharmthera.2016.07.015
https://doi.org/10.1016/j.pharmthera.2016.07.015
https://doi.org/10.1038/ncb1206-1321
https://doi.org/10.1016/S0140-6736(17)32247-X
https://doi.org/10.1155/2017/9126560
https://doi.org/10.1016/S1470-2045(18)30292-4
https://doi.org/10.1016/S1470-2045(18)30292-4
https://doi.org/10.1177/0022146510383501
https://doi.org/10.1177/0022146510383501
https://doi.org/10.1111/j.1365-2354.2010.01215.x
https://doi.org/10.1111/j.1365-2354.2010.01215.x
https://doi.org/10.1186/s12885-019-6007-4
https://doi.org/10.1007/s10549-013-2737-1
https://doi.org/10.1007/s10549-013-2737-1
https://doi.org/10.1111/j.1600-0447.1983.tb09716.x
https://doi.org/10.1111/j.1600-0447.1983.tb09716.x

	Low social and family well-being is associated with greater RAGE ligand s100A8/A9 and interleukin-1 beta levels in metastat ...
	1. Methods
	1.1. Subjects characteristics, recruitment and inclusion/exclusion criteria
	1.2. Procedure
	1.3. Psychological assessments
	1.4. Biomarker measurement
	1.5. Statistical analysis

	2. Results
	2.1. Social/family well-being and s100A8/A9
	2.2. Social/family well-being and interleukin 1-beta
	2.3. Social/family well-being, s100A8/A9, interleukin 1-beta and depression

	3. Discussion
	4. Summary
	Role of the funding source
	Declaration of competing interest
	Acknowledgments
	References


