Cytokine 104 (2018) 72-77

Contents lists available at ScienceDirect

Cytokine

journal homepage: www.elsevier.com/locate/cytokine

Elevated serum levels of proinflammatory cytokines potentially correlate )

Check for

with depression and anxiety in colorectal cancer patients in different stages | %&s
of the antitumor therapy

Diego O. Miranda®, Elen Anatriello”, Lucas R. Azevedo®, Jessica F.C. Cordeiro”,
Fernanda M. Peria®, Milena Fléria-Santos”, Gabriela Pereira-da-Silva®*

@ University of Sdo Paulo at Ribeirdo Preto College of Nursing, Ribeirdo Preto, Brazil

® Sdo Paulo State University, Department of Biology, Institute of Bioscience, Language & Literature and Exact Science, Sdo José do Rio Preto, Brazil
€ University of Sdo Paulo at Ribeirdo Preto School of Medicine, Department of Internal Medicine, Ribeirdo Preto, Brazil

4 Post-graduate program in Public Health Nursing, University of Sdo Paulo at Ribeirdo Preto College of Nursing, Ribeirdo Preto, Brazil

ARTICLE INFO ABSTRACT

Keywords: Depression and anxiety, the most important psychological disorders in cancer patients, have now been con-
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terations associated with these disorders. Along with the tumor itself, cancer treatment can also contribute to
exacerbate the production of proinflammatory cytokines. This study aimed to investigate whether proin-
flammatory cytokine levels are related to depression and anxiety in CRC patients in different stages of the
antitumor therapy We evaluated 60 patients in three stages of antitumor therapy (Pre-chemotherapy, Under-
chemotherapy and Post-chemotherapy, n = 20 in each group) and 20 healthy volunteers by the Hospital Anxiety
and Depression Scale (HADS). Serum levels of cytokines were measured by CBA. Depression and/or anxiety were
found at clinically relevant levels in CRC patients during all antitumor therapy. Patients in pre-chemotherapy
group exhibited the highest concentrations of pro-inflammatory cytokines and the lowest levels of IL-10. In latter
stages of treatment, cytokines reached levels similar to the control group. Correlation analysis between HADS
score and cytokine serum levels revealed positive associations of anxiety and/or depression with IL-1f, IL-6, IL-
8, and TNF-a, and a negative correlation with IL-10, suggesting that cytokines are involved in the pathophy-
siology of these psychological disorders in CRC patients. A better understanding of the molecular mechanisms
involved in these psychological disorders will allow the design of new therapeutic strategies to assist in alle-
viating such symptoms in cancer patients.

Colorectal cancer

1. Introduction

Although the advances in chemotherapy at recent decades, color-
ectal cancer (CRC) is still the third most frequent cancer and the fourth
deadliest in the world [1]. In Brazil, National Cancer Institute estimated
that in 2016, approximately 18,000 women would be affected by CRC,
surpassing for the first time the number of cases of cervical cancer,
trailing only breast tumors. Among men, 17,000 new cases were esti-
mated, a number surpassed only by lung and prostate tumors [2].

Cancer patients suffer from high emotional distress and experience a
variety of affective states, including depression and anxiety, which are
considered the most important psychological disorders in these

individuals [3-5]. These symptoms closely interact with biologic
stressors such as pain and physical symptom burden [6], usually af-
fecting cancer progression, survival, and patient’s quality of life [7,8].
Thus, the identification and proper management of these disorders is an
important issue in oncology practice [9].

In addition to the obvious emotional and psychosocial dimensions
of depression in cancer, evidence suggests that biological mechanisms
may also be important [10]. Depression and anxiety have now been
considered as psychoneuroimmunological disorders, in which periph-
eral immune activation, through the release of proinflammatory cyto-
kines, is implicated in the variety of behavioral, neuroendocrine and
neurochemical alterations associated with these psychological disorders
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[11,12]. The demonstration of a possible contribution of the immune
system to the development of depression is likely to open new avenues
in psychopathology.

Besides being strongly associated with depression, inflammation
plays crucial roles in all stages of tumor development [13]. In tumor
microenvironment, cells like infiltrated inflammatory cells, endothelial
cells, tumor-associated fibroblasts and, mostly, epithelial cells including
tumor cells produce proinflammatory cytokines [14]. Along with the
tumor itself, cancer treatment can also contribute to exacerbate the
production of proinflammatory cytokines. Tissue destruction by sur-
gery, chemotherapy or radiotherapy leads to damage-associated mole-
cular patterns (DAMPs) on damaged tissue, which bind to pattern re-
cognition receptors (PRRs) on leukocytes triggering the expression of
the transcription factor nuclear factor-x-f (NFxf) and the production of
proinflammatory cytokines such as interleukin-1 (IL-1), IL-6, interferon-
a (INF-a), and tumour necrosis factor-a (TNF-a) [15]. Experimental
studies have further demonstrated that proinflammatory cytokines may
be mediators of cognitive changes associated with cancer treatment,
and the fluctuations of circulating cytokines have been suggested to
mediate ‘sickness behavior’ in patients with cancer [16]. Despite the
presence of high levels of proinflammatory cytokines in patients with
CRC [17,18], research into the involvement of these molecules in the
pathophysiology of depression and anxiety in these subjects is still in its
infancy. In this study, we investigated whether proinflammatory cyto-
kine levels are related to depression and anxiety in CRC patients in
different stages of the antitumor therapy. An integral understanding of
the molecular mechanisms involved in these disorders will allow the
design of therapeutic interventions that lead to an improved quality of
life and overall survival of CRC patients.

2. Material and methods
2.1. Study design

A total of 60 patients of both genders aged over 18 years old was
selected by convenience sampling at the Clinical Hospital of the Faculty
of Medicine of Ribeirdo Preto. The minimum sample size (n = 20) was
estimated according to cytokine plasma levels found in a pilot trial
conducted by our group (SD = 0.3897114320), and those reported in
previous studies [19-23]. The Control group was composed of 20
healthy volunteers free of any psychiatric or immune system disease.
Eligible participants for the others groups were those diagnosed with
colorectal cancer. Pre-chemotherapy group: patients who underwent
surgical resection and who did not start adjuvant therapy (n = 20);
Under-chemotherapy group: patients undergoing chemotherapy for
about 3 months (n = 20) and Post-chemotherapy group: patients who
have completed adjuvant chemotherapy regimen about 6 months ago
(n = 20). Patients in pre-under-post-chemotherapy groups presented in
clinical stage III (local tumor in colon or rectum that is larger than 5 cm
in diameter and/or has spread to regional lymph nodes) according to
staging system of the American Joint Committee on Cancer/Union for
International Cancer Control [24]. All patients received adjuvant che-
motherapy with capecitabine (2000 mg/m?/day for 14 days orally
every 21 days) and oxaliplatin (130 mg/m? intravenous D1 every
21 days) [25] regimen, according to the therapeutic scheme adopted in
the hospital. The exclusion criteria were as follow: (a) individuals with
a history of autoimmune or chronic inflammatory disease, active in-
fectious conditions, renal disease or diabetes mellitus; (b) individuals
who were previously received or are receiving radiotherapy or che-
motherapy; (c) use of immunosuppressive drugs; (d) patients diagnosed
with schizoaffective disorder, bipolar disorder, or panic disorder, and
(e) individuals with cognitive impairment that prevents them from
understanding the study design and answer the questionnaire. Hospi-
talization records were monitored seeking for volunteers who met the
criteria. The first twenty hospitalized patients who met the proposed
criteria to each specific group were evaluated during all the study
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period. Socio-demographic data included age, gender, education and
marital status.

2.2. Ethics approval and consent to participate

All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional and/
or national research committee and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards. Only pa-
tients who agreed and signed the informed consent form participated in
the study. The study was approved by the Ethics Committee of Ribeirdo
Preto College of Nursing.

2.3. Measures

Depression and anxiety were measured using the Brazilian-
Portuguese validated version [26] of the Hospital Anxiety and De-
pression Scale (HADS) [27]. It consists of 14 items and contains two
subscales: anxiety and depression. Each item is rated on a four-point
scale, giving maximum scores of 21 for both subscales. Scores of 11 up
to 21 on each subscale are considered to be a significant case of psy-
chological morbidity, while scores of 8-10 represent the “borderline”
and 0-7 normal. For the combined anxiety and depression score (total
HADS score), a cut-off score of 19 was used to identify patients with
severe affective psychopathology [28]. Blood samples (8 mL) were
collected from all study participants in the morning, at the same range
of hours (more or less 1-h difference) with vacuum tubes (Vacutainer-
Becton Dickinson, Franklin Lakes, USA) and were allowed to clot for
1h = 5min at 37 °C. After centrifugation at 1000g for 10 min at 4 °C,
the serum was stored at —80 °C until use.

2.4. Cytokine analysis

The concentrations of IL-1f, IL-6, IL-8, IL-10, IL-12, TGF-B, and
TNF-a were measured by Cytometric Bead Array (CBA) kits according
to the manufacturer’s instructions (BD Biosciences, San Diego, USA).
CBA was performed with a BD™ FACSCanto flow cytometer.
Quantitative analysis was done using FCAP Array™ Software.

2.5. Statistics

Data were analyzed using GraphPad Prism6 software (La Jolla, CA).
To analyze the hypothesis of equal means between the groups, Kruskal-
Wallis one way ANOVA followed by Dunn’s multiple comparison
posthoc test were used. The results were expressed as mean =+
standard deviation (SD). Pearson correlation was performed to verify
the correlation between variables. The significance level used for the
tests was 5%.

3. Results
3.1. Demographic characteristics

Demographic characteristics of the study participants are shown in
Table 1. Twenty healthy volunteers of both genders comprised the
control group (mean age of 47.8 years, SD = 9.0, 60% female). Most of
them were married (80%) and had secondary education (65%). Pre-
chemotherapy group was composed of patients who underwent surgical
resection but did not start adjuvant therapy (mean age of 56.8 years,
SD = 7.2, 55% female). Almost half of them were married and had
primary education. Patients undergoing chemotherapy (at about
3 months after starting treatment) formed the Under-chemotherapy
group (mean age of 56.4 years, SD = 8.6, 50% female). The majority
was married and half of them had secondary education. The Post-che-
motherapy group consisted of patients who finished adjuvant che-
motherapy about 6 months ago (mean age of 59.9 years, SD = 8.7, 50%
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Table 1
Demographic characteristics of study participants.
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Characteristics Healthy volunteers Pre- chemotherapy Under- chemotherapy Post-chemotherapy P value
n (%) n (%) n (%) n (%)
Age (mean + SD) 47.8 £ 9 56.8 + 7.2 56.4 + 8.6 59.9 + 8.7 ns”
Gender
Male 8 (40) 9 (45) 10 (50) 10 (50) ns”
Female 12 (60) 11 (55) 10 (50) 10 (50)
Marital Status
Single 2 (10) 7 (35) 7 (35) 6 (30) ns”
Married 16 (80) 9 (45) 12 (60) 10 (50)
Divorced 1) - - -
Widowed 1(5) 4 (20) 1(5) 4 (20)
Education level
Primary 6 (30) 9 (45) 10 (50) 8 (40) ns”
Secondary 13 (65) 6 (30) 8 (40) 9 (45)
College/university 1) 5 (25) 2 (10) 3 (15)

2 Kruskal-Wallis’ posthoc Dunn’s test.
b Pearson’s Chi-square test.

female). Half of them were married and had secondary education
(45%). We found no significant differences regarding age, gender,
marital status, or education level among the groups.

3.2. HADS score

Table 2 shows the scores of anxiety and depression obtained by the
study participants. In the control group, all individuals (100%) showed
no anxiety or depression, whereas CRC patients in different stages of the
antitumor therapy presented clinically significant levels of anxiety,
depression, and a combination of severe depression and anxiety, in-
dicated by HADS total score > 19 (Pre-chemotherapy group: 60%,
30%, 60%, respectively; Under-chemotherapy group: 30%, 65%, 60%,
respectively, and Post-chemotherapy group: 25%, 25%, 40%, respec-
tively).

3.3. Serum levels of cytokines

Most of the proinflammatory cytokines evaluated presented a si-
milar pattern of production in which the highest levels were observed in
CRC patients who did not start chemotherapy (Pre-chemotherapy
group). In this group, IL-1f, IL-6, IL-8, and TNF-a concentrations were
from 3.4 to 4.7-fold higher than in control group. Except for TNF-a,
whose production increased up to 2-fold during and after che-
motherapy, the production of these cytokines reduced upon treatment
(Under and Post-chemotherapy groups), achieving levels similar to

Table 2
Depression and anxiety scores of study participants.

those of the control group. On the other hand, the lowest serum levels
of IL-10 were observed in Pre-chemotherapy group (3-fold lower than
control) and this cytokine levels gradually increased during the fol-
lowing steps of treatment (Under and Post-chemotherapy groups). In
addition, there were no significant differences between the groups with
respect to IL-12 and TGF-P concentrations (Fig. 1).

3.4. Correlations between serum levels of cytokines and HADS score

The correlations between HADS score and serum levels of each
cytokine are shown in Table 3. No correlation was found in the control
group. In CRC patients in different stages of the antitumor therapy,
analysis revealed positive correlations of anxiety, depression, and an-
xiety/depression with IL-1B (Pre-chemotherapy group: r = 0.32,

r = 0.22, r = 0.24, respectively; Under-chemotherapy group: r = 0.60,
r = 0.26, r = 0.28, respectively; Post-chemotherapy group: r = 0.38,
r = 0.28, r = 0.40, respectively), IL-6 (Pre-chemotherapy group:
r = 0.47,r = 0.28,r = 0.79, respectively; Under-chemotherapy group:
r = 0.55, r = 0.51, r = 0.45, respectively; Post-chemotherapy group:
r=0.27, r = 0.19, r = 0.22, respectively), IL-8 (Pre-chemotherapy

group: r = 0.21, r = 0.23,r = 0.27, respectively; Under-chemotherapy
group: r = 0.20, r = 0.50, r = 0.50, respectively; Post-chemotherapy
group: r = 0.48, r = 0.28, r = 0.46, respectively) and TNF-a (Pre-
chemotherapy group: r = 0.36, r = 0.24, r = 0.25, respectively;
Under-chemotherapy group: r = 0.30, r = 0.38, r = 0.49, respectively;
Post-chemotherapy group: r = 0.15, r = 0.14, r = 0.22, respectively)

Healthy volunteers Pre-chemotherapy Under chemotherapy Post-chemotherapy P value
n (%) n (%) n (%) n (%)
Anxiety
0-7 17 (85) 4 (20) 5 (25) 6 (30) < 0.001°
8-10 3(15) 4 (20) 9 (45) 9 (45)
11-21 0 (0) 12 (60) 6 (30) 5 (25)
Mean *+ SD 32 + 27 11 + 3.7 10 + 3 9.2 + 3.3
Depression
0-7 20 (100) 5 (25) 3 (15) 3 (15) < 0.001"
8-10 0 (0 9 (45) 4 (20) 12 (60)
11-21 0 (0) 6 (30) 13 (65) 5 (25)
Mean = SD 25 * 23 9.9 + 3.7 12 + 3.2 9.3 = 29
Depression and anxiety (total HADS score)
=19 20 (100) 8 (40) 8 (40) 12 (60) < 0.001°
>19 0 (0) 12 (60) 12 (60) 8 (40)

2 Pearson’s Chi-square test.
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Fig. 1. Serum concentrations of the cytokines IL-1beta, IL-6, IL-8, TNF-alpha, IL-10, IL-12 and TGF-beta. Blood samples were collected from healthy volunteers, Post-operatory patients
who did not start adjuvant chemotherapy treatment (Pre-chemotherapy group), Patients who were receiving chemotherapy treatment for at least three months (Under chemotherapy
group), and Patients who concluded chemotherapy schemes at least 6 months ago (Post-chemotherapy group), and submitted to Cytometric Bead Array for cytokine quantification. Data
were analyzed by Kruskal-Wallis test with Dunn post test and represent mean = SD. 'p < 0.05 vs Healthy volunteers, #P < 0.05 vs Pre-chemotherapy patients, §p < 0.05 vs Under
Chemotherapy patients, n = 20 for each group.
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and a negative correlation with IL-10 (Pre-chemotherapy group: 4. Discussion

=-0.28, r =-0.25, r = -0.24, respectively; Post-chemotherapy
group: r = -0.29, r = -0.12, r = -0.25, respectively). No associations In the current study, we investigated whether proinflammatory
were found between HADS score and IL-12 and TGF-f levels. cytokine levels relate to depression and anxiety in CRC patients in
Table 3

Correlations between serum levels of cytokines and HADS score.

IL-1 IL-6 IL-8 IL-10 IL-12 TNF-a TGF-B

Healthy volunteers

Anxiety (HADS) 0.19 0.12 0.18 -0.14 0.11 0.15 -0.11

Depression (HADS) 0.12 0.13 0.12 -0.17 0.17 0.08 -0.12

D and A (total HADS) 0.12 0.14 0.22 —-0.16 0.14 0.09 -0.12
Pre-chemotherapy

Anxiety (HADS) 0.32 0.47 0.21 -0.28 -0.20 0.36 0.10

Depression (HADS) 0.22° 0.28 0.23 -0.25 -0.10 0.24 0.05

D and A (total HADS) 0.24 0.79 0.27 -0.24° —-0.16 0.25 0.05
Under-chemotherapy

Anxiety (HADS) 0.60 0.55 0.20 —-0.15 -0.15 0.30 -0.15

Depression (HADS) 0.26" 0.51 0.50 —-0.14 —-0.13 0.38 -0.13

D and A (total HADS) 0.28 0.45 0.50 -0.14 -0.12 0.49 —-0.09
Post-chemotherapy

Anxiety (HADS) 0.38" 0.27 0.48 -0.29° -0.12 0.15 -0.13

Depression (HADS) 0.28" 0.19 0.28 -0.12 -0.21" 0.14 -0.14

D and A (total HADS) 0.40° 0.22 0.46 -0.25 -0.13 0.22 -0.19

HADS: Hospital Anxiety and Depression Scale; D and A: Depression and Anxiety combined (total HADS).
* p < 0.05 (Simple linear regression).
** p < 0.001 (Simple linear regression).
**% p < 0.0001 (Simple linear regression).
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different stages of the antitumor therapy. We show that the levels of
circulating cytokines fluctuated throughout the treatment. Patients
evaluated before chemotherapy presented the highest concentrations of
proinflammatory cytokines, whose levels decreased in the following
steps of treatment. Lowest IL-10 serum levels were also verified in these
patients, which were normalized until the end of the antitumor therapy.
Clinically relevant scores of anxiety and/or depression were verified at
every stage of treatment. IL-1f3, IL-6, IL-8, and TNF-a correlated posi-
tively with depression and/or anxiety in CRC patients, while IL-10
correlated negatively.

There is a huge body of evidence to support that the immune system
and the central nervous system communicate bidirectionally
[11,29-31]. The “cytokine hypothesis” of depression/anxiety etiology
suggests that behavioral changes observed in cancer patients are caused
by proinflammatory cytokines produced by cells in the tumor micro-
environment, which primarily affects the central nervous system func-
tion [32,33]. Binding to specific receptors on nerve cells, cytokines can
influence the serotonin metabolism by altering the metabolism of
tryptophan, which in turn affects the hypothalamic-pituitaryadrenal
axis, leading to an increased inflammatory response to interrupt the
functioning of glucocorticoid receptors [34]. Cytokines may also
modify neural plasticity, as evidenced by structural findings and func-
tional imaging changes in important neural networks associated with
mood disorders such as hippocampus and other limbic and cortical
regions [11]. Furthermore, high levels of the proinflammatory cyto-
kines IL-1 and TNF-a have been demonstrated to upregulate the ex-
pression of the serotonin transporter in humans, increasing the re-
uptake of this monoamine and decreasing the serotonergic
neurotransmission, which can lead to depressive behaviors [35,36].
These literature data, together with our results showing that CRC pa-
tients have elevated serum levels of IL-1f3, IL-6, IL-8, and TNF-a, point
to the existence of a biological origin for depression in these patients.
This hypothesis is supported by studies showing a correlation between
serum levels of proinflammatory cytokines and depressive symptoms in
pancreatic and ovarian cancer patients [37,38]. The cytokine theory of
depression is certainly attractive for a field that is short of real in-
novations.

In general, proinflammatory cytokines have been postulated to
strongly influence the immunological status of cancer patients. In the
present study, we found a similar pattern of proinflammatory cytokine
production during the antitumor therapy. According to results pre-
viously reported [18,39-41], we observed that CRC patients who did
not start adjuvant chemotherapy showed elevated levels of IL-1p, IL-6,
IL-8, and TNF-a. These patients also presented the highest scores of
depression and anxiety, possibly because in these stages of treatment
they experience several stressors and emotional upheavals, such as the
expectancy with the beginning of chemotherapy, fear of death, and
interruption of life plans [42]. Compared to them, patients who were
undergoing or have completed adjuvant chemotherapy had lower levels
of proinflammatory cytokines, which may be related to chemotherapy-
induced myelosuppression [43]. Otherwise, given that tumor cells
themselves are an important source of cytokines [44], along other non-
cancerous cell types [45] in tumor microenvironment, it is also plau-
sible that their elimination by antiproliferative agents also contributes
to reduced production of systemic cytokines. Even though proin-
flammatory cytokine levels reduced upon chemotherapy, they still
correlated with depression and anxiety scores.

In consistency with such a reduction in circulating proinflammatory
cytokine levels, patients who have finished the antitumor therapy also
presented lower levels of anxiety and depression. Considering also the
emotional dimensions of depression and anxiety, it is plausible to as-
sume that it may be related in part to the fact that psychological
symptoms tend to decrease over time, so that most patients with cancer
have their standardized humor with the end of treatment [46]. Al-
though our results showed that the levels of anxiety and depression
decreased over antitumor treatment, a significant number of patients
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still had elevated levels of such disorders six months after che-
motherapy has finished, an observation that points to the necessity that
that all CRC patients, including those who finished treatment, are
routinely screened for psychological distress.

Contrary to proinflammatory cytokines, we found lower serum le-
vels of the anti-inflammatory cytokine IL-10 in CRC patients in the Pre-
chemotherapy group, corroborating with previous studies that have
reported decreased levels of IL-10 in CRC patients [17]. Except for CRC
patients who were undergoing chemotherapy, we showed that IL-10
concentrations negatively correlated with anxiety/depression in pa-
tients who did not start or have completed adjuvant chemotherapy.

Limitations of this study include its cross-sectional nature, which
prevented us to establish a cause-and-effect relationship, and the re-
lative small number of colorectal patients studied. Another limitation of
this study was the lack of control data from patients with only anxiety
and depression, and from patients who had gone through surgery for
other bowel diseases other than colorectal cancer; thus, a clear-cut
correlation between cytokine dysregulation and depression/anxiety
pathophysiology in CRC patients was not possible. Nevertheless, the
finding that plasma concentrations of IL-1f3, IL-6, IL-8, and TNF-a re-
lated with depression and/or anxiety in these subjects provided support
for the continued examination of inflammation asa key influential
factor in such psychological disorders. For future studies, it might be
more appropriate to include also concurrent cancer controls without
depression/anxiety as references so as the effects of the cancer itself on
mood and cognitive changes can be taken into account. Our findings
were only suggestive of a potential correlation between cytokines and
depression/anxiety, and the identified correlations did not equate with
causation.

Despite the limitations of this study, we believe it has important
clinical and research implications. Taken into account that CRC patients
with high levels of circulating proinflammatory cytokines may be at
significant risk for developing depression and anxiety, cytokine levels
may be a promissory marker for the manifestation of such psychological
disorders in these patients. Moreover, the high incidence of depressive/
anxiety symptoms among CRC patients, including those who finished
treatment, emphasize the importance of effective diagnostic strategies
for screening for emotional distress along the disease trajectory to de-
tect patients that may be at high risk for poor adjustment to disease and
its treatments. New therapeutic strategies to assist in alleviating mental
suffering and pain in cancer patients might result from a better un-
derstanding of the role of cytokines in the pathophysiology of depres-
sion and anxiety in CRC patients.

In conclusion, our results show that CRC patients at different stages
of the antitumor therapy presented high concentrations of circulating
proinflammatory cytokines and that these levels oscillated throughout
the treatment, potentially correlating with clinically significant levels of
depression and/or anxiety, which suggest that cytokines are involved in
the pathophysiology of these psychological disorders in CRC patients.
In addition, the results indicate that depression and anxiety may not
just be a reaction to a diagnosis of cancer but relate, at least in part, to
immunological changes caused by the tumor itself.
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