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Abstract. Fractalkine, a unique chemokine of the CX3C 
subfamily, is involved in the pathogenesis of different types 
of cancer and also in non‑immune mechanisms associated 
with psychiatric disorders. The aim of the present study was 
to investigate whether there is a correlation between anxiety, 
depression and fractalkine serum levels in colorectal cancer 
(CRC) patients in different stages of antitumor therapy. Four 
groups of patients undergoing treatment (n=20 per group) were 
evaluated: Patients with CRC who did not undergo surgical 
resection of the tumor; patients who underwent resection 
and who did not start adjuvant therapy; patients undergoing 
chemotherapy for ~3 months; and patients who had completed 
adjuvant chemotherapy regimen for ~6 months. The control 
group was composed of 20 healthy volunteers free of any 
psychiatric or immune system disease. Depression and anxiety 
were evaluated using the Hospital Anxiety and Depression 
Scale (HADS) and serum levels of fractalkine were measured 
by cytometric bead array. Clinically relevant levels of anxiety 
and/or depression were observed in all of the CRC patients 
at the different stages of antitumor therapy. Elevated serum 
levels of fractalkine were identified in the CRC patients in 
the pre‑surgery (P<0.001) and pre‑chemotherapy (P<0.001) 
groups, but reduced upon chemotherapy (P<0.05). Furthermore, 
a positive correlation was observed between fractalkine levels 
and the HADS scores in the CRC patients at different stages 
of antitumor therapy. These results demonstrate a link between 

fractalkine, depression and anxiety in CRC patients indicating 
that this chemokine is involved in the pathophysiology of these 
comorbidities. An improved understanding of the molecular 
mechanisms involved in these psychological disorders will 
allow the design of novel therapeutic strategies to assist in 
alleviating such symptoms in cancer patients. Therefore, frac-
talkine may present as a relevant biomarker for depression and 
anxiety in CRC patients.

Introduction

Fractalkine (also termed C‑X3‑C motif chemokine ligand 1; 
CX3CL1) is a unique chemokine of the CX3C subfamily. It 
is induced by proinflammatory cytokines and identified as a 
secreted chemokine that is an attractant for CX3CR1‑expressing 
mononuclear cells, and as a membrane‑anchored protein that 
promotes leukocyte adhesion (1).

Recently, fractalkine involvement in the tumor microenvi-
ronment has been highlighted, indicating it as a potential target 
of cancer immunotherapy (2). In addition, fractalkine has been 
considered as an important marker for cancer progression (3,4) 
including for colorectal cancer (CRC) (5).

Fractalkine has also been involved in various non‑immune 
mechanisms associated with psychiatric disorders, including 
inhibition of serotonergic neurotransmission by enhancement 
of GABA activity at serotonergic neurons, inhibition of gluta-
matergic activity in the hippocampal region, and regulation of 
processes of neuroplasticity, such as long term potentiation (6). 
These mechanisms are constantly affected in the manifesta-
tion of depression and anxiety, which are the most frequent 
comorbidities among CRC patients (7).

Mood disorders, such as depression and anxiety, impair 
adherence to treatment regimens and affect the quality of 
life of CRC patients. Although patient quality of life is often 
normalized until the end of antitumor therapy, the frequent 
psychological monitoring of patients at risk for depression 
and anxiety is highly recommended (8). Thus, it is becoming 
increasingly important to use chemokines as risk biomarkers 
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of psychological disorders, which could guide and help clinical 
practice.

Evidence of a role of fractalkine in the pathophysiology of 
depression and anxiety combined with the presence of high 
levels of this chemokine in cancer patients, including CRC 
patients (9), indicates that it contributes to mood disorders in 
these individuals. In the present study, the possible correla-
tions between fractalkine and psychological manifestations 
were analyzed in CRC patients at various stages of antitumor 
therapy.

Materials and methods

Patient selection. A sample of 80  patients was selected 
between October/2014 and May/2015 by convenience at the 
Clinical Hospital of the Faculty of Medicine of Ribeirão Preto 
(Ribeirão Preto, SP, Brazil). Eligible participants for the study 
were those diagnosed with CRC, >18‑years‑old and male or 
female. These individuals were approached in the period in 
which they were admitted for surgical resection of the tumor, 
during the consultations for chemotherapy and/or return for 
medical evaluation. Socio‑demographic data included age, sex, 
education and marital status. The exclusion criteria were as 
follows: i) Individuals who previously received or are receiving 
radiotherapy or chemotherapy; ii) history of chronic inflam-
matory or autoimmune diseases, active infectious diseases, 
kidney disease or diabetes; iii) use of immunosuppressive 
drugs; iv) patients diagnosed with schizoaffective disorder, 
bipolar disorder or panic disorder; and v)  individuals with 
cognitive impairment that prevents them from understanding 
the study design and completing the Hospital Anxiety and 
Depression Scale (HADS) questionnaire (10).

Study design. Patients enrolled in the present study were placed 
in the following groups (n=20 per group): Pre‑surgery group, 
patients who were recently diagnosed (from 15 to 30 days) with 
CRC, admitted for tumor resection at the Clinical Hospital of 
the Faculty of Medicine of Ribeirão Preto; pre‑chemotherapy 
group, patients who underwent surgical resection and who 
had not commenced adjuvant therapy; chemotherapy group, 
patients undergoing chemotherapy for ~3 months (regard-
less of the regimen adopted for adjuvant treatment); and 
post‑chemotherapy group, patients who completed the adjuvant 
chemotherapy regimen for ~6 months. Patients in the pre‑ 
chemotherapy, chemotherapy, and post‑chemotherapy groups 
presented clinical stage III (local tumor in colon or rectum 
>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 (11).

The control group included 20 healthy volunteers free of 
any psychiatric or immune system disease. Blood samples 
were collected from study participants with vacuum tubes 
(Vacutainer; BD Biosciences, Franklin Lakes, NJ, USA). 
Depression and anxiety were measured using the Brazilian 
Portuguese validated version  (12) of the HADS  (10). The 
study was conducted in accordance with The Code of Ethics 
of the World Medical Association (Declaration of Helsinki) 
and was approved by the Ethics Committee of College of 
Nursing, University of São Paulo (Ribeirão Preto, SP, Brazil). 
All patients provided written informed consent.

Psychological assessment. HADS is a brief instrument for 
measuring psychological distress in cancer patients. It consists 
of 14 items and contains two subscales, anxiety and depres-
sion. Each item is rated on a four‑point scale, giving maximum 
scores of 21 for the two subscales. Scores of 11‑21 on each 
subscale are considered a significant case of psychological 
morbidity, while scores of 8‑10 represent ‘borderline’, and 0‑7 
are considered normal (10). For the combined anxiety and 
depression score (the total HADS score), a cut‑off score of 19 
was used in order to identify patients with severe affective 
psychopathology (13).

Cytokine analysis. Venous blood samples (8  ml) were 
obtained after the application of the questionnaires and were 
centrifuged at 1,000 x g for 10 min at 4˚C and the sera were 
stored at ‑80˚C until assayed. The concentrations of fractal-
kine were measured using cytometric bead array (CBA) kits 
(BD Biosciences) according to the manufacturer's instruc-
tions. CBA was performed using a BD™ FACSCanto flow 
cytometer. Quantitative analysis was performed using FCAP 
Array™ v3.0 Software (BD Biosciences).

Statistical analysis. Data were analyzed using GraphPad 
Prism 5 software (GraphPad Software, Inc., La Jolla, CA, 
USA). To analyze the hypothesis of equal means between the 
groups, Kruskal‑Wallis one‑way ANOVA followed by Dunn's 
multiple comparison post hoc test were used. The results were 
expressed as means ± standard deviation. Pearson's χ2 test was 
also performed to investigate correlation among the evaluated 
parameters. Simple linear regression was used to verify the 
correlation between variables. P<0.05 was considered to indi-
cate a statistically significant difference.

Results

Demographic characteristics. The characteristics of the study 
participants are presented in Table I. Twenty healthy volunteers 
formed the control group. The mean age was 47.8±9.0 years 
and eight (40%) were male. The majority were married (80%) 
and had received a secondary education (65%). The pre‑surgery 
group consisted of patients with CRC who did not undergo 
surgical resection. The mean age was 63±11.8 years, nine (45%) 
were male, the majority were married (80%), and had completed 
primary education (65%). Patients who underwent surgical 
resection and who did not start adjuvant therapy formed the 
pre‑chemotherapy group (mean age, 56.8±7.2 years). Among 
the 20 subjects in the group, nine (45%) were male, married, 
and had completed secondary education. Patients undergoing 
chemotherapy for ~3 months formed the chemotherapy group, 
with mean age of 56.4±8.6 years. Twelve (60%) were married, 
10 (50%) were male and had completed secondary education. 
The post‑chemotherapy group consisted of patients who had 
completed an adjuvant chemotherapy regimen for ~6 months. 
The mean age was 59.9±8.7 years, 10 (50%) were male and 
married and nine (45%) had completed primary education. 
No significant differences regarding age, sex, marital status or 
education level were identified between the groups.

HADS score. Clinically significant levels of anxiety or depres-
sion (indicated by respective HADS scores between 11 and 21) 
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were verified in CRC patients at different stages of anti-
tumor therapy (Table II). Each evaluated group had at least 
40% patients with a severe combination of depression and 
anxiety (HADS total score, >19).

Serum levels of fractalkine. The fractalkine serum levels were 
observed to be elevated in CRC patients at the pre‑surgery 
(P<0.001) and pre‑chemotherapy (P<0.001) stages, but reduced 
following chemotherapy (P<0.05) when compared with the 
healthy group (Fig. 1).

Correlations between serum levels of fractalkine and HADS 
scores. Fractalkine serum levels positively correlated (P<0.05) 
with anxiety and/or depression (HADS scores) in CRC patients 
at different stages of antitumor therapy (Table III). However, 
in the post‑chemotherapy group, no correlation was identified 
between fractalkine levels and depression scores. The global 
correlation between fractalkine levels and HADS scores, 
regardless of the group, was also quantified, and the highest 
depression and anxiety scores were associated with the highest 
fractalkine serum levels.

Table I. Demographic characteristics of study participants.

	 Healthy	 Pre‑surgery,	 Pre‑chemotherapy,	 Chemotherapy,	 Post‑chemotherapy,	
Characteristics	 volunteers no. (%)	 no. (%)	 no. (%)	 no. (%)	  no. (%)	 P‑value

Age (mean ± SD)	 47.8±9	 63±11.8	 56.8±7.2	 56.4±8.6	 59.9± 8.7	 nsa

Sex						    
  Male	   8 (40)	   9 (45)	   9 (45)	 10 (50)	 10 (50)	 nsb

  Female	 12 (60)	 11 (55)	 11 (55)	 10 (50)	 10 (50)	
Marital status						    
  Single	   2 (10)	 1 (5)	   7 (35)	   7 (35)	   6 (30)	 nsb

  Married	 16 (80)	 16 (80)	   9 (45)	 12 (60)	 10 (50)	
  Divorced	 1 (5)	 1 (5)	‑	‑	‑	  
  Widowed	 1 (5)	   2 (10)	   4 (20)	 1 (5)	   4 (20)	
Education level						    
  Primary	   6 (30)	 13 (65)	   9 (45)	 10 (50)	   8 (40)	 nsb

  Secondary	 13 (65)	   6 (30)	   6 (30)	   8 (40)	   9 (45)	
  College/university	 1 (5)	 1 (5)	   5 (25)	   2 (10)	   3 (15)	

aKruskal‑Wallis post hoc Dunn's test; bPearson's χ2 test. SD, standard deviation; ns, not significant.

Table II. Depression and anxiety scores of study participants.

	 Healthy 	 Pre‑surgery, 	 Pre‑chemotherapy,	 Chemotherapy,	 Post‑chemotherapy,	
Characteristics	 volunteers, no. (%)	 no. (%)	 no. (%)	 no. (%)	 no. (%)	 P‑value

Anxiety (HADS)
  0‑7	 17 (85)	   3 (15)	   4 (20)	   5 (25)	   6 (30)	 <0.001a

  8‑10	   3 (15)	   6 (30)	   4 (20)	   9 (45)	   9 (45)	
  11‑21	 0 (0)	 11 (55)	 12 (60)	   6 (30)	   5 (25)	
  Mean ± SD	 3.2±2.7	 11±3.7	 11±3.9	 10±3.0	 9.2±3.3	
Depression (HADS)
  0‑7	   20 (100)	   3 (15)	   5 (25)	   3 (15)	   3 (15)	 <0.001a

  8‑10	 0 (0)	   7 (35)	   9 (45)	   4 (20)	 12 (60)	
  11‑21	 0 (0)	 10 (50)	   6 (30)	 13 (65)	   5 (25)	
  Mean ± SD	 2.5±2.3	 11.0±3.4	 9.9±3.7	 12.0±3.2	 9.3±2.9	
Depression and anxiety
(total HADS score)
  ≤19	   20 (100)	   7 (35)	   8 (40)	   8 (40)	 12 (60)	 <0.001a

  >19	 0 (0)	 13 (65)	 12 (60)	 12 (60)	   8 (40)	

HADS, Hospital Anxiety and Depression Scale. aPearson's χ2 test. SD, standard deviation.
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Discussion

In the current study, the possible correlation of fractalkine 
with anxiety and depression symptoms was analyzed in CRC 
patients. Elevated fractalkine serum levels were identified in 
CRC patients, which varied between the different stages of 
antitumor therapy, and positive correlations were observed 
between fractalkine levels and depression and anxiety scores. 
Therefore, it was hypothesized that fractalkine is involved in 
such mood disorders that are observed in CRC patients.

Although various mechanisms act on the regulation of 
fractalkine expression in different types of cells, a major 
mechanism seems to involve the activation of the nuclear 
factor (NF)‑κB signaling pathway by tumor necrosis factor 
(TNF)‑α that may occur on tumor cells allowing the release 
of the chemokine in the tumor microenvironment and its reach 
to the bloodstream (14). Indeed, the level of NF‑κB expres-
sion has been shown to be increased in many types of tumors, 
including CRC (15) and elevated TNF‑α levels have been iden-
tified in CRC patients (16). Thus, increased expression levels 
of fractalkine may be a consequence of antitumor immune 
responses, which in turn triggers systemic effects that include 
those in the central nervous system, which are emphasized in 
the present study.

The role of fractalkine in the regulation of the immune 
response in the brain has been extensively investigated. This 

chemokine is involved in microglial activation by neurons and 
the local expression of this mediator enables the modulation 
of inflammatory activity in the central nervous system (17). 
However, fractalkine participates in the normal physiology 
of neuronal cells with a relevant role in neurodegenerative 
diseases and impaired recovery from sickness behavior (18). 
Furthermore, studies using animal models have described the 
effects of fractalkine on brain physiology, which are associated 
with depression and anxiety (6). Mice deficient in CX3CR1 
cells have been shown to exhibit resistance to stress‑induced 
depression‑like behavior and to not respond to antidepressant 
treatment (19). Therefore, high levels of systemic fractalkine 
seems to be linked to the incidence of depression and anxiety.

In the current study, pre‑surgery CRC patients (who had 
not begun chemotherapy) exhibited the highest levels of 
depression and anxiety symptoms, which may be attributed 
to the fact that these patients must deal with the fear, frustra-
tion and uncertainty of successful treatment. These patients 
also presented the highest serum levels of fractalkine and the 
highest level of agreement in the correlation analysis. Such a 
correlation is not arbitrary, and the current study hypothesized 
that the fractalkine secreted in the tumor environment reaches 
the brain, via the circulation, affecting areas responsible for 
anxious/depressive behavior. However, patients in the final 
stages of treatment, who underwent surgical resection of 
the tumor, exhibited depression and anxiety symptoms, and 
fractalkine levels similar to those of healthy volunteers, which 
indicates that the tumor and other cells in the tumor micro-
environment are a major source of serum fractalkine in CRC 
patients.

Based on the current results, it is recommended that all 
CRC patients be routinely screened for psychological distress, 
particularly if they exhibit increased serum levels of fractal-
kine. Routine dosage of this serum chemokine may serve as a 
biomarker for the manifestation of depression and anxiety in 
cancer patients, for diagnosis and monitoring the patient. Thus, 
an integral understanding of the mechanisms linking fractal-
kine to mood disorders will allow the design of interventions 
that lead to an improved quality of life and overall survival of 
CRC patients.

Limitations of this study design include its cross‑sectional 
nature and the relatively small number of colorectal patients 
that were included. Therefore, further studies are required 
to confirm the current results. In conclusion, these prelimi-
nary findings indicate that fractalkine may serve as a useful 
clinical biomarker of depression and/or anxiety risk among 
CRC patients undergoing antitumor therapy. Furthermore, 
as fractalkine is potentially involved in the pathophysiology 
of these comorbidities, it is proposed that fractalkine is 
included in the routine screening of CRC patients to allow 
for psychological intervention to oncological patients in 
high‑risk situations.

Acknowledgements

The present study was supported by a grant for São Paulo 
Research Foundation (FAPESP) (grant nos. 2011/17118‑9 and 
2013/01262‑9). The authors would like to thank the staff of 
the Service of Clinical Oncology of Clinical Hospital of the 
Faculty of Medicine of Ribeirão Preto (Ribeirão Preto, SP, 

Table III. Correlation between serum levels of cytokines and 
HADS score in each group (n=20).

			   Depression
	 Anxiety	 Depression	 and anxiety
Group	 (HADS)	 (HADS)	 (total HADS)

Healthy volunteers	 0.16	 0.18	 0.16
Pre‑surgery	  0.45a	  0.35b	  0.26c

Pre‑chemotherapy	  0.32b	  0.40b	  0.42b

Chemotherapy	  0.40b	  0.24c	  0.38b

Post‑chemotherapy	  0.25c	 0.16	  0.26c

aP<0.0001, bP<0.001, cP<0.05 (simple linear regression). HADS, 
Hospital Anxiety and Depression Scale.

Figure 1. Fractalkine serum levels in colorectal cancer patients at different 
stages of antitumor therapy. Fractalkine levels were measured by cytometric 
bead array (CBA). Data represent the mean ± standard error of the mean from 
a CBA assay of blood samples. ***P<0.0001 vs. healthy volunteers group; 
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