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Abstract

Background

Major depressive disorder (MDD) is a common and debilitating mental illness characterized
by persistent feelings of sadness, hopelessness, and a lack of interest in daily activities. The
objective of this study was to investigate whether levels of macrophage inflammatory pro-
tein-1B (MIP-1B) and macrophage chemoattractant protein-2 (MCP-2) in the blood were
associated with the pathophysiology and development of MDD compared to healthy controls
(HCs).

Methods

This case-control study was conducted involving 50 MDD patients and 38 HCs. We per-
formed a comprehensive assessment to match age, sex, BMI, and socio-demographic pro-
file between the groups. The study excluded participants with chronic infection,
inflammatory diseases, coexisting psychiatric disorder, history of liver and kidney diseases,
and individuals who are under antipsychotic medications. A professional psychiatrist diag-
nosed MDD patients and evaluated HCs based on the Diagnostic and Statistical Manual of
Mental Disorders-5 (DSM-5) criteria. The severity of depression was assessed using the
Hamilton Depression (Ham-D) rating scale. Commercially available enzyme-linked immuno-
sorbent assay (ELISA) kits were used to quantify the serum MIP-13 and MCP-2 levels.

Results

The results indicated elevated serum MIP-1f3 levels (207.73+24.24 pg/ml) in MDD patients
compared to HCs (58.77+9.14 pg/ml). This difference in concentration is positively corre-
lated with severity of disease symptoms (r = 0.451; p<0.001). Similarly, the levels of MCP-2
were found to be elevated in patients compared to controls (143.61+£19.92 vs. 56.84+4.02
pg/ml; p = 0.003), with a positive correlation with the Ham-D scores (r = 0.373; p = 0.004).
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Conclusion

According to this study, elevated levels of MIP-13 and MCP-2 may be associated with the
pathophysiology and development of MDD. These increased serum MIP-13 and MCP-2 lev-
els could be used as risk assessment tools for MDD. The present findings urge further
research and the development of therapeutic and diagnostic approaches for depression.

1. Introduction

Major depressive disorder (MDD), is a pervasive and debilitating mental health condition
characterized by persistent feelings of sadness, despair, and a loss of interest or pleasure in
daily activities [1-5]. MDD is a highly prevalent mental health disorder that affects people
across all age groups, sexes, and socioeconomic backgrounds [5-7]. This poses a substantial
public health challenge with wide-ranging consequences [6-8]. MDD imposes a significant
burden, impacting the affected individuals and their communities, families, and healthcare
systems [9-12]. A complex interplay of biological, neuroendocrine, neuroinflammatory, and
structural alterations within the brain comprise the pathophysiology of MDD [13-15]. At the
core of the neurobiological comprehension, MDD lies the dysregulation of neurotransmitter
systems such as dopamine, serotonin, and norepinephrine-which are indispensable for the reg-
ulation of motivation, reward processing, and mood. Decreased serotonin levels and abnor-
malities in receptor sensitivity are frequent manifestations of serotonin system dysregulation
in patients with MDD, which contribute to the development of depressive symptoms [16]. In
addition, MDD is characterized by dysregulation of the hypothalamic-pituitary-adrenal
(HPA) axis, which controls the body’s stress response [17]. Prolonged stress has the potential
to induce hyperactivity of the HPA axis, leading to increased cortisol secretion [18]. This, in
turn, could potentially exacerbate hippocampal atrophy, hinder neurogenesis, and cause dis-
turbances in neurotransmitter functionality. In addition, the pathophysiology of MDD has
been linked to neuroinflammatory processes [14], which are distinguished by increased con-
centrations of pro-inflammatory cytokines and activation of microglia. These processes dis-
rupt neurotransmitter signaling, neuroplasticity, and the regulation of mood. Reductions in
hippocampal volume and dysfunction of the prefrontal cortex have been identified in individ-
uals with MDD via structural imaging studies, highlighting the role of structural changes in
the manifestation of depressive symptoms. The development and progression of MDD are
additionally influenced by environmental stressors, genetic predispositions, and genetic stress-
ors [19, 20]. A comprehensive comprehension of the intricate pathogenesis of MDD is vital to
develop diagnostic strategies and targeted interventions.

Traditionally, immune function, chemokines are becoming more and more associated in
the pathophysiology of MDD. Research indicates that they influence neuroplasticity, contrib-
ute to neuroinflammation, and impact neurotransmitter systems associated with depression,
although their precise role is still unknown [21-24]. In the serum and cerebrospinal fluid of
MDD patients, elevated concentrations of chemokines such as interleukin-8 (IL-8/CXCL8),
monocyte chemoattractant protein-4 (MCP-4), and normal T cells expressed and secreted
(RANTES/CCLS5) are detected [6, 25, 26]. Chemokines that stimulate microglia result in the
secretion of pro-inflammatory cytokines, which sustain neuroinflammation that is associated
with MDD. Furthermore, chemokines affect neuroplasticity by modifying neural circuits dedi-
cated to mood regulation and synaptic plasticity [27]. Chemokines also interact with neuro-
transmitter systems such as serotonin, dopamine, and glutamate, which further alters the
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pathogenesis of MDD. Gaining insight into the function of chemokines presents encouraging
prospects for therapeutic interventions in MDD.

Macrophage inflammatory protein-18 (MIP-1p), also known as CCL4, is a chemokine
involved in immune regulation and inflammatory responses [28]. Recent studies have indi-
cated that MIP-1p might be involved in the pathogenesis of MDD, specifically concerning
mood dysregulation and neuroinflammation. Alterations in immune function and neuroin-
flammation have gained increasing interest as contributing factors to the development and
progression of depressive symptoms [29-31]. It has been observed that individuals with MDD
have elevated levels of the pro-inflammatory chemokine MIP-1f in both peripheral blood and
central nervous system (CNS) tissues in comparison to healthy controls (HCs) [29, 30]. This
implies that MIP-1pB might play a role in mediating inflammatory mechanisms that are impli-
cated in the development of depression. Moreover, empirical data from preclinical investiga-
tions has demonstrated the influence of MIP-1B on mood-associated behaviors [32]. Based on
these results, it appears that MIP-1f could potentially impact the regulation of mood and play
arole in the development of depressive symptoms. The exact mechanisms through which
MIP-18 affects mood and plays a role in the pathophysiology of MDD remain to be deter-
mined. Nevertheless, interactions with other inflammatory mediators, activation of microglia
and astrocytes, disruption of neuroplasticity, and modulation of neurotransmitter systems, for
instance, serotonin and glutamate, are all potential mechanisms by which MIP-1f influences
mood [30, 32].

Macrophage chemoattractant protein-2 (MCP-2/CCL8) is a chemokine implicated in
inflammation and immune responses [33]. Although research is scarce on MCP-2 for its spe-
cific association with MDD, emerging evidence indicates possible correlations between the
dysregulation of MCP-2 and symptoms of depression [34, 35]. Dysregulation of the immune
system and neuroinflammation have been proposed as contributing factors to the develop-
ment of depressive symptoms. Notable studies have documented increased concentrations of
MCP-2 in MDD, which could indicate that this chemokine may play a role in modulating the
inflammatory mechanisms in depression [34]. Preclinical investigations have yielded knowl-
edge regarding the possible function of MCP-2 in regulating mood. MCP-2 may influence
mood-related behaviors and contribute to the pathophysiology of depression, according to
these results [35]. The precise mechanisms through which MCP-2 may affect mood and con-
tribute to MDD are uncertain.

The area of research that examining the role of chemokines such as MIP-1p and MCP-2 in
MDD is important to understand the pathophysiology of depression. Although individuals
with MDD exhibit elevated levels of these chemokines due to the onset of depressive symp-
toms, or elevated levels cause disorder [36, 37]. Therefore, this case-control investigation
aimed to evaluate the role of MIP-1 and MCP-2 in the pathophysiology and development of
MDD. Here, we planned to measure serum MIP-18 and MCP-2 levels in MDD patients com-
pared to HCs and evaluate the strength of distinction ability of these chemokines as a diagnos-
tic tool Also, we intended to compare the level of alterations with the severity of depressive
symptoms to shed light on the underlying inflammatory processes that contribute to MDD
and to pave the way for the development of diagnostic and therapeutic approaches that target
neuroinflammatory pathways in MDD.

2. Methods and materials
2.1 Study population

This case-control study recruited 58 MDD patients and 30 HCs between September 1, 2023,
and December 31, 2023. The MDD group consisted of individuals from a tertiary-level
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teaching hospital in Dhaka, Bangladesh, while the HCs were selected from different areas in
Dhaka city. Age, sex, and sociodemographic characteristics were matched to ensure homoge-
neity between the two groups. The diagnosis of MDD and evaluation of symptom severity
were based on the Diagnostic and Statistical Manual of Mental Disorders-5 (DSM-5) and the
Hamilton rating scale for depression (Ham-D), respectively. Standard questionnaires were
used to collect sociodemographic data and perform clinical assessments in the patient and HC
groups. The authors had no access to information that could identify individual participants
during or after data collection. The inclusion criteria were healthy individuals aged between 18
and 60 years. The excluded subjects from the present study who had Ham-D scores below
eight, cognitive impairment, severe medical illness, history of kidney or liver failure, coexisting
psychiatric disorders, and use of antipsychotic medications.

2.2 Sample collection

Each participant had 5 ml of blood drawn from their cephalic vein, which was left to clot in fal-
con tubes. The blood-containing tubes underwent centrifugation at a speed of 3000 rpm for
around 15 minutes to obtain the serum. The serum was transferred to Eppendorf tubes and
stored in a refrigerator at a temperature of -80°C to ensure optimal storage and preservation.

2.3 Measurement of serum MIP-1p and MCP-2

Commercially available enzyme-linked immunosorbent assay (ELISA) kits obtained from Bos-
ter Bio, USA, were employed to measure the serum levels of MIP-1§ and MCP-2. To maintain
consistency and to alleviate potential biases, all experiments were conducted by the same
researchers, unaware of the outcomes, ensuring objective data analysis.

2.4 Statistical analysis

We used the Statistical Package for Social Sciences (SPSS) software version 25.0 along with
Microsoft Excel to evaluate, sort, and statistical analysis of data. To differentiate between
groups and explore the associations between variables, techniques such as independent sam-
ples t-tests, Chi-square testing, and correlation tests were employed. Spearman’s correlation
analysis was used to examine the correlations among several study parameters in MDD
patients. The introduction of boxplots facilitated the visualization of the provided data.
Descriptive analysis was used to create socio-demographic profiles, and the findings were pre-
sented as the mean + standard deviation (SD) with a 95% confidence interval (CI). The study
effort used the receiver operating characteristic (ROC) curve to evaluate the diagnostic perfor-
mance of biomarkers. Statistical significance was inferred for p-values equal to or less than
0.05.

2.5. Ethical consideration

The Research Ethics Committee of the University of Asia Pacific has approved the study proto-
col (UAP/REC/2023/208). Informed written consent was taken from all the attendees before
data collection. The investigations were carried out in conformity with the principles outlined
in the Helsinki Declaration.

3. Results
3.1 Description of the study population

The distribution of demographic profiles and a comparison between HCs and patients with
MDD are displayed in Table 1. In both groups, the majority of individuals were between the
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Table 1. Demographic profile distribution and their comparison between MDD patients and healthy controls.

Parameters MDD patients Healthy controls p-value
n (%) n (%)

Age in years 0.857
18-25 29 (50.00) 12 (40.00)
26-35 19 (32.76) 13 (33.34)
36-45 8(13.79) 4(13.33)
46-60 2 (3.45) 1(3.33)

Sex 0.792
Male 19 (32.76) 9 (30.00)
Female 39 (67.24) 21 (70.00)

BMI (kg/m?) 0.735
Below 18.5 (CED) 5(8.62) 2 (6.67)
18.5-25.0 (Normal) 42 (72.41) 21 (70.00)
Above 25.0 (Obese) 11 (18.97) 7 (23.33)

Marital status 0.635
Married 34 (58.62) 16 (53.33)
Unmarried 24 (41.38) 14 (46.67)

Education level 0.367
Primary 6(10.34) 3 (10.00)
Secondary 26 (44.83) 18 (60.00)
Graduate and above 26 (44.83) 9 (30.00)

Occupation 0.816
Business 8 (13.79) 4(13.33)
Service 8 (13.79) 2 (6.67)
Housewife 21(36.21) 10 (33.33)
Unemployed 10 (17.24) 6 (20.00)
Others 11 (18.97) 8(26.67)

Economic Status 0.274
Low 23 (39.66) 17 (56.67)
Medium 22 (37.93) 7 (23.33)
High 13 (22.41) 6 (20.00)

Area of residence 0.914
Rural 20 (34.48) 10 (33.33)
Urban 38 (65.52) 20 (66.67)

Smoking History 0.318
Non-smoker 50 (86.21) 27 (90.00)
Smoker 8 (13.79) 3 (10.00)

Family history of MDD 0.002
Yes 13 (22.41) 2 (6.67)
No 45 (77.59) 28 (93.33)

Abbreviations: MDD, major depressive disorder, BMI, body mass index, CED, chronic energy deficiency.

https://doi.org/10.1371/journal.pone.0305734.t001

ages of 18 and 25 (50.00% for MDD patients and 40.00% for HCs). Regarding the sex distribu-
tion, no statistically significant distinction was observed between MDD patients (male =
32.76% and female = 67.24%) and HCs (male = 30.00% and female = 70.00%) (p = 0.792).
Regarding factors including marital status, educational level, occupation, economic status,
area of residence, and smoking habit, there were no statistically significant disparities observed
between MDD patients and the HCs (p>0.050). A family history of MDD was observed
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Table 2. Clinical and laboratory findings of the study participants.

Parameters MDD patients Healthy controls p-value

Mean + SD (95% CI) Mean + SD ((95% CI)
Age in years 27.74+8.06 (2.12) 28.07+7.82 (2.92) 0.857
BMI (kg/m?) 22.96+3.80 (1.00) 23.25+3.91 (1.46) 0.735
Ham-D score 18.57+5.73 (1.51) 1.13+1.00 (0.37) <0.001
MIP-1B (pg/ml) 207.73+184.63 (48.55) 58.77+50.08 (18.70) <0.001
MCP-2 (pg/ml) 143.61£151.70 (39.89) 56.84+21.99 (8.21) 0.003

Abbreviations: BMI, body mass index; CI, confidence interval; MIP-1p, macrophage inflammatory protein-1f; MCP-2, monocyte chemoattractant protien-2; MDD,

major depressive disorder; SD, standard deviation; Ham-D, Hamilton depression rating scale.

https://doi.org/10.1371/journal.pone.0305734.t002

among 22.41% of MDD patients. In general, the HC group and the group of MDD patients
exhibited comparable demographic characteristics.

3.2 Biophysical characteristics and laboratory findings

Table 2 presents the biophysical characteristics and laboratory findings of the study partici-
pants. The average age of MDD patients was 27.74+8.06years, whereas the age of HCs was
28.07+7.82 years; with no statistical significance (p = 0.857). MDD patients had a mean Body
Mass Index (BMI) of 22.96+3.80 kg/m?, whereas HCs had a mean BMI of 23.25+3.91 kg/m®
(p = 0.735). MDD patients exhibited a substantially higher mean Ham-D score (18.57+5.73),
in contrast to HCs (1.13+1.00; p<0.001). This finding suggests a substantial disparity in the
manifestation of depressive symptoms between the two groups. Moreover, MDD patients
exhibited significantly elevated serum levels of MIP-1B compared to HCs (207.73£184.63 pg/
ml vs. 58.77+50.08 pg/ml, respectively) (p<0.001). In a similar vein, MDD patients exhibited
significantly higher levels of MCP-2 in their serum in comparison to HCs (143.61+151.70 pg/
ml vs. 56.84+21.99 pg/ml, respectively) (p = 0.003) (Fig 1).

3.3 Correlation among the parameters

Table 3 presents Spearman’s correlation analysis results among various research parameters
for MDD patients. A significant positive correlation was observed across the serum levels of

E ca —
o e
5 ~ 160
< 200 S
E E 140 —
= 150 o120
; 5
§ 100 = 100 T
E 50 1 5 80~
0 —]
\ \ | \
Healthy controls MDD patients Healthy controls ~ MDD patients

Fig 1. Comparison of serum MIP-1p and MCP-2 levels between MDD patients and healthy controls.
https://doi.org/10.1371/journal.pone.0305734.9001
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Table 3. Spearman’s correlation study among various research parameters among MDD patients.

Correlation parameters r p*

Age and Ham-D score -0.139 0.299
Age and MIP-1 -0.115 0.390
Age and MCP-2 0.054 0.686
BMI and Ham-D score -0.111 0.407
BMI and MIP-1B 0.030 0.820
BMI and MCP-2 -0.010 0.941
MIP-1B and Ham-D score 0.451 0.001
MCP-2 and Ham-D score 0.373 0.004
MIP-1B and MCP-2 0.292 0.032

Abbreviations: BMI, body mass index; MIP-1p, macrophage inflammatory protein-1p; MCP-2, monocyte
chemoattractant protien-2; MDD, major depressive disorder; Ham-D, Hamilton depression rating scale.

*Bonferroni-corrected p values.

https://doi.org/10.1371/journal.pone.0305734.t1003

MIP-1B and Ham-D scores (r = 0.451, p = 0.001) and serum concentrations of MCP-2 and
Ham-D scores (r = 0.373, p = 0.004), respectively. This finding implies that elevated concentra-
tions of these chemokines are linked to heightened severity of depressive symptoms. Addition-
ally, a significant positive correlation (r = 0.292, p = 0.032) was identified between the
concentrations of MCP-2 and MIP-1, suggesting a possible association between these two
chemokines in the pathogenesis of MDD.

3.4 Receiver operating characteristic curve analysis

The results of ROC curve analysis of serum MIP-1f and MCP-2 levels as potential diagnostic
biomarkers for MDD are presented in Table 4 and Fig 2. The optimal cut-off value for discrim-
inating between MDD patients and HCs was determined to be 63.18 pg/ml for MIP-1 and
60.85 pg/ml for MCP-2. At these cut-off values, MIP-1f exhibited a sensitivity of 82.8% and a
specificity of 77.6%, with an Area Under the Curve (AUC) of 0.852 (95% CI: 0.771-0.932,
p<0.001). Similarly, MCP-2 demonstrated a sensitivity of 84.4% and a specificity of 76.5%,
with an AUC of 0.856 (95% CI: 0.780-0.933, p<0.001).

4. Discussion

This study found significantly higher levels of MIP-1f and MCP-2 in MDD patients than HCs,
suggesting a potential association between these chemokines and MDD pathophysiology. Cor-
relation analyses explored that higher chemokine levels were associated with increased severity
of depressive symptoms. ROC curve analysis suggests that MIP-1f and MCP-2 has potential to
be used as diagnostic biomarkers for MDD. Overall, these findings emphasize that elevated
MIP-1p and MCP-2 levels may be associated with the pathophysiology and development of

Table 4. Receiver operating characteristic (ROC) curve analysis of serum MIP-1p and MCP-2 levels.

Parameters Cut-off value (pg/ml) Sensitivity (%) Specificity (%) AUC 95% CI p-value
Lower bound Upper bound
MIP-1B 63.18 82.8 77.6 0.852 0.771 0.932 <0.001
MCP-2 60.85 84.4 76.5 0.856 0.780 0.933 <0.001

Abbreviations: AUC, area under the curve; CI, confidence interval; MIP-1pB, macrophage inflammatory protein-1f; MCP-2, monocyte chemoattractant protien-2.

https://doi.org/10.1371/journal.pone.0305734.t1004
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Fig 2. Receiver operating characteristic (ROC) curves of serum MIP-1 levels (a) and serum MCP-2 levels (b) among the study
population.

https://doi.org/10.1371/journal.pone.0305734.g002

MDD. The present findings contribute to the existing understanding of the pathophysiology
and mechanisms behind MDD [38-40]. Similar to earlier studies, these elevated levels of MIP-
1B and MCP-2 in MDD indicate the involvement of neuroinflammatory processes in depres-
sion [29, 30, 34, 35]. Chemokines like MIP-1$ and MCP-2 in the CNS are important for
immune cell movement and inflammation. MIP-18 and MCP-2 are both proinflammatory
chemokines, responsible for inducing and progression of inflammation. Although the under-
standing of the exact pathophysiology and pathways of initiation and development of MDD is
still evolving, there is strong evidence that neuroinflammation contributes to the development
of depressive symptoms [4, 25, 36, 41], as indicated by the significant positive correlation
between levels of MIP-1f and MCP-2 and the severity of depressive symptoms. The study sup-
ports previous hypotheses that neuroinflammatory pathways play a crucial role in the develop-
ment of MDD. It highlights the complex relationship between immune system dysregulation
and brain function in depressive disorders [30, 34, 36, 42-45].

This study identified MIP-1B and MCP-2 as potential biomarkers associated with the sever-
ity of depressive symptoms. Additionally, the study shows that serum levels of MIP-1f and
MCP-2 can differentiate between MDD patients and HCs, contributing to the advancement of
objective diagnostic methods for MDD. Analysis of the ROC curve revealed that MIP-1f and
MCP-2 can effectively differentiate between individuals with MDD and HCs with high sensi-
tivity and specificity. This underscores the potential usefulness of these chemokines as precise
diagnostic instruments, filling a crucial gap in psychiatric therapy since current diagnostic
methods are predominantly based on subjective assessments. Establishing appropriate cut-off
values and achieving high sensitivity and specificity of chemokines as diagnostic biomarkers
are important to diagnose patients. To do this, physicians sometimes use objective metrics that
can help in the early detection and diagnosis of MDD.

This study has significant implications for the diagnosis and treatment of MDD. Serum lev-
els of MIP-1P and MCP-2 can be used as an early risk assessment tool for depressive symp-
toms. These may enable earlier intervention and therapy, improving patient outcomes. These
biomarkers can help clinicians to screen for MDD risk factors or track symptom intensity and
therapy response. When assessing and treating depressive patients, clinicians should also
examine demographic parameters, other physical, behavioral, mental, clinical, and
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biochemical criteria for depression. This work provides quantitative diagnostic biomarkers
and insights into the complexity of the condition of a patient in clinical practice. Clinicians
can improve MDD diagnosis and management by using serum levels of MIP-13 and MCP-2
and considering many patient factors, leading to better patient outcomes and quality of life.

It is important to mention that the development and testing of biomarker panels consisting
of MCP-2 and MIP-1 could improve the detection ability and accuracy of biomarker-based
approaches used in the field of MDD. Researchers are exploring new and improved ways to
predict and manage MDD. They are using a range of biomarkers, including neurochemicals,
genetic markers, and neuroimaging investigations, to enhance predictive models and develop
individualized and precision-driven strategies for managing MDD. Moreover, it is believed
that targeting neuroinflammatory pathways through intervention studies aimed at regulating
chemokine levels is crucial to testing the therapeutic potential of MDD. To advance the devel-
opment of innovative approaches for MDD, researchers are also studying the effectiveness of
immune-modulating therapies such as anti-inflammatory drugs, cytokine inhibitors, and
other similar medications in reducing depressive symptoms and improving treatment results.
Integrating data from psychiatry, neurology, genetics, and immunology can help achieve a
comprehensive approach to the study of MDD. These can facilitate the development of person-
alized and targeted treatments for this debilitating condition. By considering these prospective
methodologies, healthcare practitioners will sustain advancements in identifying, administer-
ing, and treating MDD.

Examination of demographic parameters, clinical manifestations, and serum concentration
of biomarkers indicates the multifaceted nature of MDD. The application of established assess-
ment instruments, such as the Ham-D, ensures standardization in the symptoms among par-
ticipants, thereby strengthening the reliability of the results. Furthermore, the robust statistical
methodologies supported the statistical reliability of the results. Nevertheless, the research is
not devoid of limitations. The utilization of a cross-sectional design restricts the ability to
establish causative associations between variables, thereby limiting the interpretation of results
to associations solely. The concerns regarding the generalizability of the findings are due to the
limited sample size which could be minimized in future studies by conducting on a larger pop-
ulation and by a more controlled population selection method. In addition, the potential con-
founding variables, including lifestyle choices and dietary patterns, were not thoroughly
evaluated or accounted for, which could have affected the observed correlations. Therefore,
further investigation is warranted, employing longitudinal designs, incorporating diverse sam-
ples, and conducting thorough assessments of confounding variables to effectively imply those
findings in clinical practice.

The present study findings suggest several potential directions for the advancement of
future research. These approaches provide possibilities to explore the underlying mechanisms
of MDD and to advance diagnostic and therapeutic strategies. Firstly, we recommend longitu-
dinal research to shed light on the fluctuations of chemokine expression and their relationship
to the manifestation of depressive symptoms. To gain a better understanding of the relation-
ship between neuroinflammation and the development of MDD, it is useful to investigate
whether increased levels of MCP-2 and MIP-1p are present before the onset of depressive
symptoms, or depression causes to elevate the levels. Further research is needed to investigate
the mechanisms underlying the dysregulation of MCP-2 and MIP-18 in patients with MDD. A
better comprehension of the complex link between immunological dysregulation and neuro-
nal function in depressive disorders can be achieved through researching the interactions
among these chemokines, neurobiological pathways, environmental factors, and other inflam-
matory mediators. Additionally, investigating the influence of genetic and epigenetic factors
on chemokine expression may offer better management for MDD.
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5. Conclusion

The present study results suggest the potential association of MIP-13 and MCP-2 with the
pathophysiology of MDD development. The high levels of these chemokines in the blood
could be used as markers for the severity of depression symptoms, helping in more precise
diagnosis and tailored treatment strategies. In the future, longitudinal studies are necessary to
clarify the actual role of these chemokine expression on the progression of MDD. Moreover,
investigating the fundamental causes of chemokine dysregulation and creating multiplex bio-
marker arrays could improve diagnostic precision and treatment strategies. However, the cur-
rent study has limitations in sample size and lack of grip on different confounding variables,
which could be minimized in future studies by conducting on a larger population and by a
more controlled population selection method. Considering cytokine and chemokine dysregu-
lation could transform the diagnosis and treatment of MDD, resulting in more efficient treat-
ment approaches and better outcomes for individuals with this severe disorder.

Supporting information

S1 Checklist.
(DOCX)

Acknowledgments

We thank all the participants and their relatives for their cooperation to this study. Also, we
would like to thank all physicians and administrative staffs at the department of psychiatry,
BSMMU, for their cooperation and support to this study.

Author Contributions

Conceptualization: Mariya Akter, Rabiul Islam.

Data curation: Mariya Akter, A. S. M. Roknuzzaman, M. M. A. Shalahuddin Qusar.
Formal analysis: Mariya Akter, Rabiul Islam.

Investigation: Mohammad Shahriar, Sardar Mohammad Ashraful Islam, Mohiuddin Ahmed
Bhuiyan.

Methodology: M. M. A. Shalahuddin Qusar, Eva Rahman Kabir, Rabiul Islam.

Project administration: Mohammad Shahriar, Sardar Mohammad Ashraful Islam, Mohiud-
din Ahmed Bhuiyan.

Supervision: Eva Rahman Kabir, Rabiul Islam.
Writing - original draft: Mariya Akter, A. S. M. Roknuzzaman.

Writing - review & editing: Eva Rahman Kabir, Rabiul Islam.

References

1. Depressive disorder (depression). World Health Organization. March 31, 2023. Accessed February 22,
2024. https://www.who.int/news-room/fact-sheets/detail/depression.

2. Muntaner C, Eaton WW, Miech R, O’Campo P. Socioeconomic position and major mental disorders.
Epidemiol Rev. 2004; 26:53—62. https://doi.org/10.1093/epirev/mxh001 PMID: 15234947

3. Sarmin N, Roknuzzaman ASM, Mouree TZ, Islam MR, Al Mahmud Z. Evaluation of serum interleukin-
12 and interleukin-4 as potential biomarkers for the diagnosis of major depressive disorder. Sci Rep.
2024; 14(1):1652. Published 2024 Jan 18. https://doi.org/10.1038/s41598-024-51932-9 PMID:
38238514

PLOS ONE | https://doi.org/10.1371/journal.pone.0305734  June 18, 2024 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0305734.s001
https://www.who.int/news-room/fact-sheets/detail/depression
https://doi.org/10.1093/epirev/mxh001
http://www.ncbi.nlm.nih.gov/pubmed/15234947
https://doi.org/10.1038/s41598-024-51932-9
http://www.ncbi.nlm.nih.gov/pubmed/38238514
https://doi.org/10.1371/journal.pone.0305734

PLOS ONE

Evaluation of MIP-183 and MCP-2 levels in major depressive disorder

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Nahar Z, Nowshin DT, Roknuzzaman ASM, et al. Serum levels of interleukin-33 and mesencephalic
astrocyte derived neurotrophic factors in patients with major depressive disorder: a cross-sectional
comparative design. BMC Psychiatry. 2024; 24(1):47. Published 2024 Jan 12. https://doi.org/10.1186/
$12888-023-05463-8 PMID: 38216957

Supti KF, Asaduzzaman M, Suhee Fl, et al. Elevated Serum Macrophage Migration Inhibitory Factor
Levels are Associated With Major Depressive Disorder. Clin Pathol. 2023; 16:2632010X231220841.
Published 2023 Dec 23. https://doi.org/10.1177/2632010X231220841 PMID: 38144435

Nayem J, Sarker R, Roknuzzaman ASM, et al. Altered serum TNF-a and MCP-4 levels are associated
with the pathophysiology of major depressive disorder: A case-control study results. PLoS One. 2023;
18(11):20294288. Published 2023 Nov 15. hitps://doi.org/10.1371/journal.pone.0294288 PMID:
37967104

Akter MS, Emon FA, Nahar Z, et al. Altered IL-3 and lipocalin-2 levels are associated with the patho-
physiology of major depressive disorder: a case-control study. BMC Psychiatry. 2023; 23(1):830. Pub-
lished 2023 Nov 13. https://doi.org/10.1186/s12888-023-05354-y PMID: 37957650

Sohan M, Qusar MMAS, Shahriar M Islam SMA, Bhuiyan MA, Islam MR. Association of reduced serum
EGF and leptin levels with the pathophysiology of major depressive disorder: A case-control study.
PL0oS One. 2023; 18(7):0288159. Published 2023 Jul 3. https://doi.org/10.1371/journal.pone.0288159
PMID: 37399205

Suhee Fl, Shahriar M, Islam SMA, Bhuiyan MA, Islam MR. Elevated Serum IL-2 Levels are Associated
With Major Depressive Disorder: A Case-Control Study. Clin Pathol. 2023; 16:2632010X231180797.
Published 2023 Jun 15. https://doi.org/10.1177/2632010X231180797 PMID: 37360518

Li X, Mu F, Liu D, et al. Predictors of suicidal ideation, suicide attempt and suicide death among people
with major depressive disorder: A systematic review and meta-analysis of cohort studies. J Affect Dis-
ord. 2022; 302:332-351. https://doi.org/10.1016/j.jad.2022.01.103 PMID: 35101521

Berk M, Kéhler-Forsberg O, Turner M, et al. Comorbidity between major depressive disorder and physi-
cal diseases: a comprehensive review of epidemiology, mechanisms and management. World Psychia-
try. 2023; 22(3):366—387. https://doi.org/10.1002/wps.21110 PMID: 37713568

Sarker R, Qusar MMAS, Islam SMA, Bhuiyan MA, Islam MR. Association of granulocyte macrophage
colony-stimulating factor and interleukin-17 levels with obsessive-compulsive disorder: a case-control
study findings. Sci Rep. 2023; 13(1):18976. Published 2023 Nov 3. https://doi.org/10.1038/s41598-023-
46401-8 PMID: 37923827

Nishuty NL, Khandoker MMH, Karmoker JR, et al. Evaluation of Serum Interleukin-6 and C-reactive
Protein Levels in Drug-naive Major Depressive Disorder Patients. Cureus. 2019; 11(1):e3868. Pub-
lished 2019 Jan 11. https://doi.org/10.7759/cureus.3868 PMID: 30899619

Islam MR, Islam MR, Shalahuddin Qusar MMA, et al. Alterations of serum macro-minerals and trace
elements are associated with major depressive disorder: a case-control study. BMC Psychiatry. 2018;
18(1):94. Published 2018 Apr 10. https://doi.org/10.1186/s12888-018-1685-z PMID: 29631563

Islam MR, Islam MR, Ahmed |, et al. Elevated serum levels of malondialdehyde and cortisol are associ-
ated with major depressive disorder: A case-control study. SAGE Open Med. 2018;
6:2050312118773953. Published 2018 May 9. https://doi.org/10.1177/2050312118773953 PMID:
29770218

Nautiyal KM, Hen R. Serotonin receptors in depression: from A to B. F1000Res. 2017; 6:123. Published
2017 Feb 9. https://doi.org/10.12688/f1000research.9736.1 PMID: 28232871

Pfennig A, Kunzel HE, Kern N, et al. Hypothalamus-pituitary-adrenal system regulation and suicidal
behavior in depression. Biol Psychiatry. 2005; 57(4):336—-342. https://doi.org/10.1016/j.biopsych.2004.
11.017 PMID: 15705348

Clow A, Hucklebridge F, Stalder T, Evans P, Thorn L. The cortisol awakening response: more than a
measure of HPA axis function. Neurosci Biobehav Rev. 2010; 35(1):97—103. https://doi.org/10.1016/j.
neubiorev.2009.12.011 PMID: 20026350

Keers R, Uher R. Gene-environment interaction in major depression and antidepressant treatment
response. Curr Psychiatry Rep. 2012; 14(2):129—-137. https://doi.org/10.1007/s11920-011-0251-x
PMID: 22198824

Zajkowska Z, Walsh A, Zonca V, et al. A systematic review of the association between biological mark-
ers and environmental stress risk factors for adolescent depression. J Psychiatr Res. 2021; 138:163—
175. https://doi.org/10.1016/j.jpsychires.2021.04.003 PMID: 33857787

Troubat R, Barone P, Leman S, et al. Neuroinflammation and depression: A review. Eur J Neurosci.
2021;53(1):151-171. https://doi.org/10.1111/ejn.14720 PMID: 32150310

Leonard BE. Impact of inflammation on neurotransmitter changes in major depression: an insight into
the action of antidepressants. Prog Neuropsychopharmacol Biol Psychiatry. 2014; 48:261-267. https://
doi.org/10.1016/j.pnpbp.2013.10.018 PMID: 24189118

PLOS ONE | https://doi.org/10.1371/journal.pone.0305734  June 18, 2024 11/13


https://doi.org/10.1186/s12888-023-05463-8
https://doi.org/10.1186/s12888-023-05463-8
http://www.ncbi.nlm.nih.gov/pubmed/38216957
https://doi.org/10.1177/2632010X231220841
http://www.ncbi.nlm.nih.gov/pubmed/38144435
https://doi.org/10.1371/journal.pone.0294288
http://www.ncbi.nlm.nih.gov/pubmed/37967104
https://doi.org/10.1186/s12888-023-05354-y
http://www.ncbi.nlm.nih.gov/pubmed/37957650
https://doi.org/10.1371/journal.pone.0288159
http://www.ncbi.nlm.nih.gov/pubmed/37399205
https://doi.org/10.1177/2632010X231180797
http://www.ncbi.nlm.nih.gov/pubmed/37360518
https://doi.org/10.1016/j.jad.2022.01.103
http://www.ncbi.nlm.nih.gov/pubmed/35101521
https://doi.org/10.1002/wps.21110
http://www.ncbi.nlm.nih.gov/pubmed/37713568
https://doi.org/10.1038/s41598-023-46401-8
https://doi.org/10.1038/s41598-023-46401-8
http://www.ncbi.nlm.nih.gov/pubmed/37923827
https://doi.org/10.7759/cureus.3868
http://www.ncbi.nlm.nih.gov/pubmed/30899619
https://doi.org/10.1186/s12888-018-1685-z
http://www.ncbi.nlm.nih.gov/pubmed/29631563
https://doi.org/10.1177/2050312118773953
http://www.ncbi.nlm.nih.gov/pubmed/29770218
https://doi.org/10.12688/f1000research.9736.1
http://www.ncbi.nlm.nih.gov/pubmed/28232871
https://doi.org/10.1016/j.biopsych.2004.11.017
https://doi.org/10.1016/j.biopsych.2004.11.017
http://www.ncbi.nlm.nih.gov/pubmed/15705348
https://doi.org/10.1016/j.neubiorev.2009.12.011
https://doi.org/10.1016/j.neubiorev.2009.12.011
http://www.ncbi.nlm.nih.gov/pubmed/20026350
https://doi.org/10.1007/s11920-011-0251-x
http://www.ncbi.nlm.nih.gov/pubmed/22198824
https://doi.org/10.1016/j.jpsychires.2021.04.003
http://www.ncbi.nlm.nih.gov/pubmed/33857787
https://doi.org/10.1111/ejn.14720
http://www.ncbi.nlm.nih.gov/pubmed/32150310
https://doi.org/10.1016/j.pnpbp.2013.10.018
https://doi.org/10.1016/j.pnpbp.2013.10.018
http://www.ncbi.nlm.nih.gov/pubmed/24189118
https://doi.org/10.1371/journal.pone.0305734

PLOS ONE

Evaluation of MIP-183 and MCP-2 levels in major depressive disorder

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Das R, Emon MPZ, Chowdhury SF, Hugque S, Zahan T, Islam MR. Evaluation of Serum Glial Cell Line-
derived Neurotrophic Factor in Bangladeshi Major Depressive Disorder Patients. Cureus. 2019; 11(11):
€6081. Published 2019 Nov 6. https://doi.org/10.7759/cureus.6081 PMID: 31853432

Emon MPZ, Das R, Nishuty NL, Shalahuddin Qusar MMA, Bhuiyan MA, Islam MR. Reduced serum
BDNF levels are associated with the increased risk for developing MDD: a case-control study with or
without antidepressant therapy. BMC Res Notes. 2020; 13(1):83. Published 2020 Feb 21. https://doi.
org/10.1186/s13104-020-04952-3 PMID: 32085720

Islam S, Islam T, Nahar Z, et al. Altered serum adiponectin and interleukin-8 levels are associated in the
pathophysiology of major depressive disorder: A case-control study. PLoS One. 2022; 17(11):
e€0276619. Published 2022 Nov 21. https://doi.org/10.1371/journal.pone.0276619 PMID: 36409748

Leighton SP, Nerurkar L, Krishnadas R, Johnman C, Graham GJ, Cavanagh J. Chemokines in depres-
sion in health and in inflammatory iliness: a systematic review and meta-analysis. Mol Psychiatry. 2018;
23(1):48-58. https://doi.org/10.1038/mp.2017.205 PMID: 29133955

Eyre H, Baune BT. Neuroplastic changes in depression: a role for the immune system. Psychoneuroen-
docrinology. 2012; 37(9):1397—-1416. https://doi.org/10.1016/j.psyneuen.2012.03.019 PMID: 22525700

Ciechanowska A, Popiolek-Barczyk K, Pawlik K, et al. Changes in macrophage inflammatory protein-1
(MIP-1) family members expression induced by traumatic brain injury in mice. Immunobiology. 2020;
225(3):151911. https://doi.org/10.1016/j.imbio.2020.151911 PMID: 32059938

Gao W, XuY, Liang J, et al. Serum CC Chemokines as Potential Biomarkers for the Diagnosis of Major
Depressive Disorder. Psychol Res Behav Manag. 2022; 15:2971-2978. Published 2022 Oct 11. https:/
doi.org/10.2147/PRBM.S384267 PMID: 36310625

Ogtodek EA, Just MJ. The association between inflammatory markers (iNOS, HO-1, IL-33, MIP-13) and
depression with and without posttraumatic stress disorder. Pharmacol Rep. 2018; 70(6):1065—-1072.
https://doi.org/10.1016/j.pharep.2018.06.001 PMID: 30296742

Lehto SM, Niskanen L, Herzig KH, et al. Serum chemokine levels in major depressive disorder. Psycho-
neuroendocrinology. 2010; 35(2):226-232. https://doi.org/10.1016/j.psyneuen.2009.06.007 PMID:
19592174

Gao W, XuY, Liang J, et al. Serum CC Chemokines as Potential Biomarkers for the Diagnosis of Major
Depressive Disorder. Psychol Res Behav Manag. 2022; 15:2971-2978. Published 2022 Oct 11. https:/
doi.org/10.2147/PRBM.S384267 PMID: 36310625

Yadav A, Saini V, Arora S. MCP-1: chemoattractant with a role beyond immunity: a review. Clin Chim
Acta. 2010; 411(21-22):1570-1579. https://doi.org/10.1016/j.cca.2010.07.006 PMID: 20633546

Liu MN, Tsai SJ, Yeh HL, Wu CC, Lin CP. MCP-2/CCL8 Level Associated With Suicidal Ideation in
Elderly Men With Major Depression. Arch Suicide Res. 2020; 24(3):467—476. https://doi.org/10.1080/
13811118.2019.1649772 PMID: 32000634

Pawlowski T, Radkowski M, Matyszczak K, et al. Depression and neuroticism in patients with chronic
hepatitis C: correlation with peripheral blood mononuclear cells activation. J Clin Virol. 2014; 60(2):105—
111. https://doi.org/10.1016/j.jcv.2014.03.004 PMID: 24742598

Islam MR, Sohan M, Daria S, et al. Evaluation of inflammatory cytokines in drug-naive major depressive
disorder: A systematic review and meta-analysis. Int J Immunopathol Pharmacol. 2023;
37:3946320231198828. https://doi.org/10.1177/03946320231198828 PMID: 37625799

Nahar Z, Sal-Sabil N, Sohan M, Qusar MS, Islam MR. Higher serum interleukin-12 levels are associated
with the pathophysiology of major depressive disorder: A case-control study results. Health Sci Rep.
2022; 6(1):1005. Published 2022 Dec 24. https://doi.org/10.1002/hsr2.1005 PMID: 36582626

Das R, Emon MPZ, Shahriar M, et al. Higher levels of serum IL-18 and TNF-a are associated with an
increased probability of major depressive disorder. Psychiatry Res. 2021; 295:113568. https://doi.org/
10.1016/j.psychres.2020.113568 PMID: 33199026

Daria S, Proma MA, Shahriar M, Islam SMA, Bhuiyan MA, Islam MR. Serum interferon-gamma level is
associated with drug-naive major depressive disorder. SAGE Open Med. 2020; 8:2050312120974169.
Published 2020 Nov 20. https://doi.org/10.1177/2050312120974169 PMID: 33282305

Rahman S, Shanta AA, Daria S, et al. Increased serum resistin but not G-CSF levels are associated in
the pathophysiology of major depressive disorder: Findings from a case-control study. PLoS One.
2022; 17(2):e0264404. Published 2022 Feb 25. https://doi.org/10.1371/journal.pone.0264404 PMID:
35213631

Salsabil L, Shahriar M, Islam SMA, Bhuiyan MA, Qusar MS, Islam MR. Higher serum nerve growth fac-
tor levels are associated with major depressive disorder pathophysiology: a case-control study. J Int
Med Res. 2023; 51(4):3000605231166222. https://doi.org/10.1177/03000605231166222 PMID:
37038918

PLOS ONE | https://doi.org/10.1371/journal.pone.0305734  June 18, 2024 12/13


https://doi.org/10.7759/cureus.6081
http://www.ncbi.nlm.nih.gov/pubmed/31853432
https://doi.org/10.1186/s13104-020-04952-3
https://doi.org/10.1186/s13104-020-04952-3
http://www.ncbi.nlm.nih.gov/pubmed/32085720
https://doi.org/10.1371/journal.pone.0276619
http://www.ncbi.nlm.nih.gov/pubmed/36409748
https://doi.org/10.1038/mp.2017.205
http://www.ncbi.nlm.nih.gov/pubmed/29133955
https://doi.org/10.1016/j.psyneuen.2012.03.019
http://www.ncbi.nlm.nih.gov/pubmed/22525700
https://doi.org/10.1016/j.imbio.2020.151911
http://www.ncbi.nlm.nih.gov/pubmed/32059938
https://doi.org/10.2147/PRBM.S384267
https://doi.org/10.2147/PRBM.S384267
http://www.ncbi.nlm.nih.gov/pubmed/36310625
https://doi.org/10.1016/j.pharep.2018.06.001
http://www.ncbi.nlm.nih.gov/pubmed/30296742
https://doi.org/10.1016/j.psyneuen.2009.06.007
http://www.ncbi.nlm.nih.gov/pubmed/19592174
https://doi.org/10.2147/PRBM.S384267
https://doi.org/10.2147/PRBM.S384267
http://www.ncbi.nlm.nih.gov/pubmed/36310625
https://doi.org/10.1016/j.cca.2010.07.006
http://www.ncbi.nlm.nih.gov/pubmed/20633546
https://doi.org/10.1080/13811118.2019.1649772
https://doi.org/10.1080/13811118.2019.1649772
http://www.ncbi.nlm.nih.gov/pubmed/32000634
https://doi.org/10.1016/j.jcv.2014.03.004
http://www.ncbi.nlm.nih.gov/pubmed/24742598
https://doi.org/10.1177/03946320231198828
http://www.ncbi.nlm.nih.gov/pubmed/37625799
https://doi.org/10.1002/hsr2.1005
http://www.ncbi.nlm.nih.gov/pubmed/36582626
https://doi.org/10.1016/j.psychres.2020.113568
https://doi.org/10.1016/j.psychres.2020.113568
http://www.ncbi.nlm.nih.gov/pubmed/33199026
https://doi.org/10.1177/2050312120974169
http://www.ncbi.nlm.nih.gov/pubmed/33282305
https://doi.org/10.1371/journal.pone.0264404
http://www.ncbi.nlm.nih.gov/pubmed/35213631
https://doi.org/10.1177/03000605231166222
http://www.ncbi.nlm.nih.gov/pubmed/37038918
https://doi.org/10.1371/journal.pone.0305734

PLOS ONE

Evaluation of MIP-183 and MCP-2 levels in major depressive disorder

42,

43.

44,

45.

McManus C, Berman JW, Brett FM, Staunton H, Farrell M, Brosnan CF. MCP-1, MCP-2 and MCP-3
expression in multiple sclerosis lesions: an immunohistochemical and in situ hybridization study. J Neu-
roimmunol. 1998; 86(1):20—-29. https://doi.org/10.1016/s0165-5728(98)00002-2 PMID: 9655469

Pype JL, Dupont LJ, Menten P, et al. Expression of monocyte chemotactic protein (MCP)-1, MCP-2,
and MCP-3 by human airway smooth-muscle cells. Modulation by corticosteroids and T-helper 2 cyto-
kines. Am J Respir Cell Mol Biol. 1999; 21(4):528-536. https://doi.org/10.1165/ajrcmb.21.4.3660 PMID:
10502563

Cocchi F, DeVico AL, Yarchoan R, et al. Higher macrophage inflammatory protein (MIP)-1alpha and
MIP-1beta levels from CD8+ T cells are associated with asymptomatic HIV-1 infection. Proc Natl/ Acad
Sci U S A. 2000; 97(25):13812—-13817. https://doi.org/10.1073/pnas.240469997 PMID: 11095721

Lapinet JA, Scapini P, Calzetti F, Pérez O, Cassatella MA. Gene expression and production of tumor
necrosis factor alpha, interleukin-1beta (IL-1beta), IL-8, macrophage inflammatory protein 1alpha (MIP-
1alpha), MIP-1beta, and gamma interferon-inducible protein 10 by human neutrophils stimulated with
group B meningococcal outer membrane vesicles. Infect Immun. 2000; 68(12):6917-6923. https://doi.
org/10.1128/1A1.68.12.6917-6923.2000 PMID: 11083814

PLOS ONE | https://doi.org/10.1371/journal.pone.0305734  June 18, 2024 13/13


https://doi.org/10.1016/s0165-5728%2898%2900002-2
http://www.ncbi.nlm.nih.gov/pubmed/9655469
https://doi.org/10.1165/ajrcmb.21.4.3660
http://www.ncbi.nlm.nih.gov/pubmed/10502563
https://doi.org/10.1073/pnas.240469997
http://www.ncbi.nlm.nih.gov/pubmed/11095721
https://doi.org/10.1128/IAI.68.12.6917-6923.2000
https://doi.org/10.1128/IAI.68.12.6917-6923.2000
http://www.ncbi.nlm.nih.gov/pubmed/11083814
https://doi.org/10.1371/journal.pone.0305734

