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Objective: Evidence indicates a potential role of chemokines in depression-like behavior and depression-related pathophysiological
processes. In the present study, we examined the serum levels of multiple chemokines, focusing on CC chemokines, in patients with
major depressive disorder (MDD), with the aim to discover and identify serum chemokines-based biomarkers for MDD diagnosis.
Methods: Participants included 24 patients with MDD and 24 healthy controls. The 24-item Hamilton Depression Rating Scale
(HAMD-24) was administered to assess the disease severity of patients with MDD. A total of 9 serum CC chemokines including
MCP-1 (CCL-2), MIP-1a. (CCL-3), MIP-1B (CCL-4), cotaxin-1 (CCL-11), MCP-4 (CCL-13), TARC (CCL-17), MIP-3a (CCL-20),
MDC (CCL-22), and Eotaxin-3 (CCL-26) were measured using electrochemiluminescence immunoassays. The levels of serum CC
chemokines between MDD group and control group were compared, and diagnostic values of different CC chemokines were evaluated
using the receiver operating characteristic (ROC) curve method for discriminating MDD patients from healthy controls. Correlations
between the levels of serum CC chemokines and depression severity (HAMD-24 scores) were evaluated using Pearson’s correlation
test.

Results: Patients with MDD had higher levels of serum MIP-1a and MIP-1B and lower levels of serum MCP-1, MCP-4, TARC,
MDC, and Eotaxin-3 compared to controls (all P < 0.05). Moreover, ROC curve analysis showed that the Area Under Curve (AUC)
values of MIP-1a, MCP-4, TARC, and Eotaxin-3 were > 0.7 in discriminating patients with MDD from healthy controls. Furthermore,
no significant relationship was found between the levels of serum CC chemokines and HAMD-24 scores in MDD group.
Conclusion: These results suggested that circulating CC chemokines may hold promise in the discovery of biomarkers for diagnosing
MDD.

Keywords: chemokines, biomarker, diagnosis, serum, major depressive disorder

Introduction

Major depressive disorder (MDD) is one of the most common psychiatric disorders.! According to the latest nationwide
survey of mental disorders in China, MDD has a lifetime prevalence of 3.4%, affecting approximately 44 million
people.” Characterized by high morbidity, mortality and disability rates, MDD impose a heavy burden on individuals and
society.® Currently, the diagnosis of depression primarily depends on subjective symptoms/manifestations, with uncer-
tainties as high as 40% as a consequence.” Therefore, an urgent but unmet need exists to identify objective biomarkers of
depression, especially MDD.
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Chemokines, a group of small (8—14 kDa) polypeptides, are divided into four subfamilies: C, CC, CXC and CX3C,
based on the number and spacing of cysteine residues within their N-terminal regions.” Among them, CC and CXC
chemokines have been identified as the two largest groups of chemokines in mammals.® Numerous evidence has
demonstrated chemokines as an important group of molecules in both the immune system and the nervous system.’ In
the immune system, chemokines act to coordinate immune cells and attract them to sites of ongoing inflammation. In the
nervous system, chemokines play a role in neuron-glia communication, synaptic transmission, neurogenesis, neurode-
velopment and plasticity. Due to their role in cellular migration and immune coordination, chemokines are prime
candidates for linking peripheral and central inflammation and orchestrating neuroinflammatory crosstalk.® It is worth
noting that chemokines have been implicated in depression by facilitating migration of peripheral immune cells into the
central nervous system.® Preclinical studies revealed abnormal expression of chemokines in animal models of
depression.” For example, it has been reported that the levels of CCL2 and CXCL12 in the hippocampus and frontal
cortex were significantly increased in prenatally stressed rats.'” On the contrary, chemokine disturbance can induce
depression-like behavioral changes in animals. Indeed, intraperitoneal injection of CXCL1 showed the reduced sponta-
neous exploratory activity and burrowing behavior in rats.'' Consistently, distorted levels of chemokines can also be
found in peripheral blood of patients with depression in clinical studies.'*'? It has been demonstrated that MDD patients
with suicidal ideation had lower level of CCL2 compared to control subjects.'* Taken together, these findings suggest
a close link between chemokines and depression.

In the present study, we examined the serum levels of multiple chemokines, focusing on CC chemokines, in patients
with MDD, with the aim to discover and identify serum chemokines-based biomarkers for MDD diagnosis.

Materials and Methods

Study Design and Participants

This study was conducted at Anhui Mental Health Center between August 2020 and June 2022. Twenty-four patients
with MDD were screened via psychiatric interviews by an experienced researcher in accordance with the guidelines
of the structured clinical interview according to the Diagnostic and Statistical Manual for Psychiatric Disorders-Fifth
Version (DSM-V). The common criteria for inclusion were as follows: (1) being between the ages of 18-65; (2)
meeting the diagnostic criteria of depression listed in the DSM-V; (3) Hamilton Depression Rating Scale-24
(HAMD-24) scores > 20; and (4) receiving no treatment with antidepressants, anti-inflammatory agents or other
psychotropic drugs in the previous 3 months. The exclusion criteria were as follows: (1) other major psychiatric
disorders or neurodegenerative illness history; (2) substance abuse (drug, caffeine, nicotine, alcohol, or others); (3)
serious heart, brain, liver, kidney, immune disorders, obesity, poor nutrition, acute and chronic infection. Health
subjects received HAMD-24 assessment and a total of 24 subjects met the requirement of a HAMD-24 score of < 8
were enrolled in the present study. This procedure was approved by the ethics committee of Hefei Fourth People’s
Hospital (registration number HFSY-IRB-PJ-XQR-2020001) and was conducted according to the principles of the
Declaration of Helsinki. Informed consent was obtained from all the participants.

Blood Sample Collection and Measurement of Serum Cytokines

Blood samples from the subjects were collected from the participants’ vein between 7:00 A.M. and 8:00 A.M., and
immediately centrifuged at 1, 200 x g for 10 min at 4°C. The supernatant was extracted as a serum sample. In order to
avoid the time effect, all the samples were stored at —80°C until detection. Moreover, the control samples were matched
as closely as possible to the MDD group with respect to the time period of sample collection. A total of 9 serum CC
chemokines including MCP-1 (CCL-2), MIP-1a (CCL-3), MIP-18 (CCL-4), eotaxin-1 (CCL-11), MCP-4 (CCL-13),
TARC (CCL-17), MIP-3a (CCL-20), MDC (CCL-22), and eotaxin-3 (CCL-26) were measured using a commercially
available multiplex electrochemiluminescence immunoassay (a V-PLEX Human Biomarker 54-Plex Kit; Meso Scale
Discovery [MSD], Rockville, MD, USA; kit number: K15248D). To ensure that the results were not unduly influenced
by a single data point and as is the convention, outliers (datapoint >3 SD above or below the mean) were removed from
the dataset.
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Statistical Analysis

The data were analyzed using SPSS (version 17.0; IBM Corp., Armonk, NY, USA). The data are expressed as mean =+
standard error of the mean (SEM), and the statistical significance was set at P < 0.05. A one-sample Kolmogorov—
Smirnov test showed a normal distribution of continuous variables. Student’s #-test for independent samples was used to
compare the age, BMI, serum chemokines between control group and MDD group. Sex differences between the groups
were tested using the chi-square test. Correlation analyses were performed using Pearson correlation tests. Receiver
operating characteristic (ROC) curve analysis was used to evaluate the area under the curve (AUC) of serum chemokines
in discriminating MDD patients from healthy controls. Given the small sample size, we computed the post-hoc power of
two-sample #-test (two groups) using G*Power (version 3.1.9.2, University of Kiel, Kiel, Germany).

Results

Demographic and Clinical Characteristics of the Participants

Table 1 summarizes the demographic and clinical characteristics of participants. There was no statistically significant
difference in age (1= 1.373, P = 0.176), sex (° = 0.000, P = 1.000), or BMI (¢ = 1.214, P = 0.232) between patients with
MDD and healthy controls. The mean HAMD-24 scores of the MDD group were significantly higher than those of the
control group (¢ = —19.014, P < 0.001).

Comparison of Serum CC Chemokines Between Patients with MDD and Healthy
Controls

The levels of serum CC chemokines of MDD patients and healthy controls are shown in Table 2. Compared to controls,
patients with MDD exhibited higher levels of MIP-1a and MIP-1 and lower levels of MCP-1, MCP-4, TARC, MDC,
and eotaxin-3 (Table 2 and Figure 1; all P <0.05). No significant differences in other cytokines levels including eotaxin-1

and MIP-30 were found between groups. Post hoc power analyses demonstrated that the power of our study was
sufficient (power > 0.80) for MIP-1a, MCP-4, TARC, MDC, and Eotaxin-3 (Table 2).

Table | Clinical Characteristics of Control Group and MDD Group

Variables Control Group | MSDD Group tly? P

Age 43.17 £2.29 38.13 +2.87 1.373 0.176

Sex (female/male) 15/9 15/9 0.000 1.000

BMI (kg/m?) 22.65 + 0.40 21.78 + 0.60 1214 0232

HAMD-24 4.83 £ 0.26 34.88 + 1.56 -19.014 < 0.001

Table 2 Comparison of Serum Cytokines Between Control Group and MDD Group

Variables (pg/imL) | Control Group MDD Group t P Effect Size d Power
MCP-1 (CCL-2) 209.24 + 20.75 156.36 £ 11.92 2.233 0.031 0.65 0.59
MIP-la (CCL-3) 23.76 +2.94 171.47 £ 36.12 —4.165 < 0.001 1.20 0.98
MIP-18 (CCL-4) 165.25 + 24.10 264.41 + 40.27 —2.285 0.029 0.62 0.56
Eotaxin-1 (CCL-11) 133.42 £ 9.55 118.47 £ 9.76 0.148 0.883
MCP-4 (CCL-13) 98.25+8.04 37.83+6.42 5.872 < 0.001 1.69 1.00
TARC (CCL-17) 201.07 + 24.01 100.41 + 12.82 3.629 0.001 1.10 0.96
MIP-3a (CCL-20) 28.04 + 11.24 17.05 £ 7.78 0.798 0.429
MDC (CCL-22) 923.55+54.53 704.87+ 40.41 3.222 0.002 0.94 0.89
Eotaxin-3 (CCL-26) 5.14 + 0.82 223 +0.38 3.218 0.003 1.00 0.92
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Figure | Serum levels of different CC chemokines in control group and MDD group. (A) Comparison of MCP-1; (B) Comparison of MIP-1a; (C) Comparison of MIP-18; (D)
Comparison of MCP-4; (E) Comparison of TARC; (F) Comparison of MDC; (G) Comparison of Eotaxin-3. The data are presented as the mean + SEM. *P < 0.05, **P < 0.01.

Diagnostic Values of Different CC Chemokines in Discriminating Patients with MDD

from Healthy Controls

The diagnostic performance of different CC chemokines in discriminating patients with MDD from healthy controls were
performed by ROC curve analysis (Figure 2). The results showed that the AUC values of MCP-1, MIP-1a, MIP-1, MCP-4,
TARC, MDC, and eotaxin-3 were 0.673, 0.891, 0.650, 0.980, 0.854, 0.699, and 0.779, respectively. Among them, the AUCs of
MIP-1a, MCP-4, TARC, and eotaxin-3 were > 0.7, indicating that these 4 CC chemokines had good diagnostic value
(Table 3). At a cut-off point of 34.92 pg/mL for MIP-1a, the sensitivity and specificity were 87.5% and 87.5%, respectively; at
a cut-off point of 46.31 pg/mL for MCP-4, the sensitivity and specificity were 95.5% and 89.5%, respectively; at a cut-off
point of 136.30 pg/mL for TARC, the sensitivity and specificity were 72.7% and 84.2%, respectively; at a cut-off point of 3.20
pg/mL for eotaxin-3, the sensitivity and specificity were 63.6% and 84.2%, respectively. A combined panel of MIP-10, MCP-
4, TARC, and Eotaxin-3 achieved a high accuracy in discriminating patients with MDD from healthy controls (AUC = 1.000).

Correlation Between HAMD-24 Scores and the Levels of Serum CC Chemokines in
MDD Group

Figure 3 shows the relationship between serum CC chemokines levels and HAMD-24 scores. No significant relationship
was found between the levels of serum CC chemokines and HAMD-24 scores in MDD group (all P > 0.05; Figure 3A).
The data of serum CC chemokines levels were log (base 2) transformed, and the result of Pearson correlation test showed
that there was still no correlations between serum CC chemokines and HAMD-24 scores in MDD group (all P > 0.05;
Figure 3B).
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Figure 2 ROC curves of different CC chemokines in identification of patients with MDD from healthy volunteers. (A) ROC curve of MCP-1; (B) ROC curve of MIP-1a; (C)
ROC curve of MIP-16; (D) ROC curve of MCP-4; (E) ROC curve of TARC; (F) ROC curve of MDC; (G) ROC curve of Eotaxin-3.

Discussion

The present study compared the levels of 9 CC chemokines in patients with MDD and healthy controls, with the aim to
identify serum chemokines-based biomarkers for MDD. Three main findings emerged in the present study. Firstly,
patients with MDD had higher levels of serum MIP-1a and MIP-1f and lower levels of serum MCP-1, MCP-4, TARC,
MDC, and Eotaxin-3 compared to controls. Secondly, ROC curve analysis showed that the AUC values of MIP-1a,
MCP-4, TARC, and Eotaxin-3 were > 0.7 in discriminating patients with MDD from healthy controls. Thirdly, no
significant relationship was found between the levels of serum CC chemokines and HAMD-24 scores in MDD group.
The CC class chemokines are most abundant chemokines, and this class includes 27 proteins: CCL1-CCL28 (CCL9 and
CCLI10 correspond to the same protein). Among them, MCP-1 (CCL-2), MIP-1a (CCL-3), MIP-1B (CCL-4), and eotaxin-1
(CCL-11) are thought to be closely linked to depression.® Given that Meso Scale Discovery (MSD) has several advantages
over classical ELISA, including greater sensitivity and dynamic range, the potential for multiplexing, and smaller quantities of
sample used during testing,'” this method was performed to measure the levels of the above 4 CC chemokines. For the
simultaneous detection of MCP-1 (CCL-2), MIP-1a (CCL-3), MIP-1f (CCL-4), and eotaxin-1 (CCL-11), a V-PLEX Human

Table 3 ROC Analysis of Different Cytokines in Discriminating Patients with MDD from Healthy Volunteers

Variables (pg/mL) AUC P 95% ClI Cut-Off (pg/mL) | Sensitivity | Specificity
Lower Bound | Upper Bound

MIP-la 0.891 <0.001 0.787 0.996 3492 87.0 87.5

MCP-4 0.980 <0.001 0.000 1.000 46.31 94.4 89.5

TARC 0.854 <0.001 0.732 0.976 136.30 72.7 84.2

Eotaxin-3 0.779 0.001 0.630 0.929 3.20 6l.1 84.2
Combination 1.000 <0.001 1.000 1.000
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Figure 3 Correlation between HAMD-24 scores and the levels of CC chemokines in MDD group. (A) Correlation between HAMD-24 scores and the levels of CC
chemokines (original data); (B) Correlation between HAMD-24 scores and the levels of CC chemokines (log2 transformed). X: no significance.

Biomarker 54-Plex Kit (MSD; kit number: K15248D) was selected. The kit contains the detection of a total of 9 CC
chemokines including MCP-1 (CCL-2), MIP-1a (CCL-3), MIP-1B (CCL-4), eotaxin-1 (CCL-11), MCP-4 (CCL-13), TARC
(CCL-17), MIP-3a. (CCL-20), MDC (CCL-22), and eotaxin-3 (CCL-26). Therefore, these 9 CC chemokines were used to
identify serum chemokines-based biomarkers for MDD diagnosis.

In this study, patients with MDD exhibited higher levels of MIP-1a (CCL-3) and MIP-1B (CCL-4). Consistently, another
two studies have also found a increase in circulating MIP-10 in depressed patients.'*'® In terms of MIP-1p, studies concerning
MIP-1p levels in the peripheral blood of patients with depression have been inconsistent. It has been reported that the serum
levels of MIP-1P were significantly increased in pregnant women with anxiety and depression compared to the control group,
and a positive relationship was found between MIP-1p levels and severity of depressive symptoms.'” However, another study
have shown that the serum levels of MIP-1p was significantly decreased in patients with MDD compared to healthy controls.'®
The source of the contradictions between these reports remains unclear. Considering that MIP-10 and MIP-1 are both pro-
inflammatory chemokines,'® up-regulations of their levels in patients with MDD in the present study are supportive of the
mainstream opinion that depression is accompanied by activation of the inflammatory system.?**!

Lower levels of MCP-1, MCP-4, TARC, MDC, and Eotaxin-3 were found in MDD group compared to control group
in the present study. MCP-1 (CCL2), known as one of the inflammatory chemokines, critically regulate leukocyte
recruitment during inflammatory responses.** Several studies have explored the circulating levels of MCP-1 in depressed
patients and reported conflicting results. On the one hand, an increased MCP-1 levels in serum were observed in patients
with depression.”” On the other hand, there are also studies reported a decreased or unchanged level of this
chemokine.>*** In terms of MCP-4 (CCL13) and TARC (CCL17), only one study found significant decreases in
cerebrospinal fluid levels of MCP-4 and TARC in patients who attempted suicide compared to with healthy control
subjects.”® To the best of our knowledge, the present study firstly investigated the serum levels of MDC (CCL22) and
Eotaxin-3 (CCL26) in patients with MDD. Therefore, these abnormally expressed chemokines may provide more
possibilities for the selection of diagnostic markers for depression.

In order to explore the potential values of these aberrant chemokines as diagnostic biomarkers of MDD, ROC analysis
was further applied. Given that AUC value in ROC analysis should be > 0.7 to be of clinical value for screening,*’ a total
of 4 chemokines including MIP-10, MCP-4, TARC, and Eotaxin-3 meet this condition. Among them, MCP-4 showed
outstanding discrimination ability with a AUC value of 0.978, and MIP-1a, TARC, and Eotaxin-3 showed excellent
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discrimination ability with AUCs > 0.7 in discriminating patients with MDD from healthy controls. It has been shown
that combined detection of multiple serum proteins as a single panel can increase the sensitivity or specificity of a single
biomarker.”® Therefore, we have added a combination of MIP-10, MCP-4, TARC, and Endotoxin-3 for the diagnosis of
MDD. The results showed that the AUC value of this panel increased to 1.000, indicating that this panel hold significant
promise as biomarkers for identification of patients with MDD.

HAMD-24 is the most widely used interview scale for the selection of patient with depression.?**® Thus, the
occurrence and severity of depression were evaluated by HAMD-24 in the present study. Correlations between the
levels of serum CC chemokines and HAMD-24 scores in MDD group were evaluated. The results showed that there
was no significant relationship between the levels of serum CC chemokines and HAMD-24 scores in MDD group.

There are some limitations to this study. Firstly, the present study is a single-center study with a relatively small sample
size, which might represent sampling bias. Secondly, this cross-sectional study cannot explore the causal relationship between
depression and these aberrant chemokines. Thirdly, not all CC chemokines were analyzed due to the limitations in detection
technology. Fourthly, another limitation of our study is the long period (almost 2 years) over which the samples were collected.

In summary, the present study reveals that 4 CC chemokines including MIP-1a, MCP-4, TARC, and Eotaxin-3 may
be of potential to be used as diagnostic biomarkers in discriminating patients with MDD. Multicentric studies are clearly
required to validate the potential of these chemokines as novel biomarkers for MDD, and longitudinal studies examining
the causal relationship between aberrant chemokines and depression are warranted.
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