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Abstract

Background

Major Depressive Disorder (MDD) is a debilitating mental health condition with complex eti-
ology, and recent research has focused on pro-inflammatory cytokines and chemokines as
potential contributors to its pathogenesis. However, studies investigating the roles of TNF-a
and MCP-4 in MDD within the Bangladeshi population are scarce. This study aimed to
assess the association between serum TNF-a and MCP-4 levels and the severity of MDD,
exploring their potential as risk indicators for MDD development.

Methods

This case-control study enrolled 58 MDD patients from Bangabandhu Sheikh Mujib Medical
University (BSMMU) Hospital, Dhaka, Bangladesh, alongside 30 age, sex, and BMI-
matched healthy controls. MDD diagnosis followed DSM-5 criteria and disease severity
using the 17-item Hamilton Depression Rating Scale (Ham-D). We measured serum TNF-a
and MCP-4 levels using ELISA assays according to the supplied protocols.

Results

The study revealed significantly elevated serum TNF-a levels in MDD patients (47+6.6 pg/
ml, mean+SEM) compared to controls (28.06+1.07 pg/ml). These increased TNF-a levels
positively correlated with Ham-D scores (Pearson’s r = 0.300, p = 0.038), suggesting a
potential association between peripheral TNF-a levels and MDD pathology. Additionally,
MDD patients exhibited significantly higher serum MCP-4 levels (70.4916.45 pg/ml) than
controls (40.21+4.08 pg/ml). However, serum MCP-4 levels showed a significant negative
correlation (r =-0.270, P = 0.048) with Ham-D scores in MDD patients, indicating a more
complex role for MCP-4 in MDD pathogenesis.
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Conclusion

This study highlights that Bangladeshi MDD patients exhibit heightened inflammatory and
immune responses compared to controls, supporting the cytokine hypothesis in MDD patho-
genesis. Serum TNF-a, but not MCP-4, shows promise as a potential biomarker for assess-
ing the risk of MDD development, which could aid in early detection. Future investigations
involving larger populations and longitudinal studies are essential to confirm the utility of
these cytokines as biomarkers for MDD.

1. Introduction

Major Depressive Disorder (MDD), commonly termed depression, is a serious and prevalent
mental health condition characterized by persistent feelings of sadness, hopelessness, and a
lack of interest or pleasure in activities. It influences an individual’s emotional state, cognitive
processes, and overall physical health, frequently hindering one’s ability to carry out everyday
activities and diminishing their overall quality of life. The symptoms associated with MDD
encompass a range of manifestations, such as reduced energy levels, alterations in sleep pat-
terns, disruptions in eating, challenges in maintaining focus, and experiences of guilt or feel-
ings of worthlessness [1, 2]. Individuals diagnosed with MDD may exhibit psychomotor
agitation or retardation symptoms, resulting in either heightened restlessness or reduced
motor activity [3]. There is considerable variation in the severity and duration of symptoms
experienced by different individuals. Almost half of those diagnosed with depression have sui-
cidal thoughts, whereas a smaller percentage, ranging from 10% to 15%, ultimately engage in
suicidal behavior [4]. A significant proportion of individuals do not exhibit a positive response
to antidepressant therapy, with approximately 50% failing to show improvement. Also, 20% of
individuals continue to exhibit resistance to all available interventions [4]. Projections suggest
that depression will become the second leading cause of global disability by 2030, ranking only
below HIV in terms of its impact on population health [5, 6]. The etiology of MDD is multifac-
eted, encompassing genetic, biochemical, environmental, and psychological influences. MDD
is a substantial issue in global health, with an approximate prevalence of 15% worldwide [7].
The available treatment modalities encompass psychotherapeutic interventions, such as cogni-
tive-behavioral therapy (CBT) and interpersonal therapy (IPT), in addition to pharmacological
approaches involving selective serotonin reuptake inhibitors (SSRIs) and serotonin-norepi-
nephrine reuptake inhibitors (SNRIs). In instances of heightened severity, the utilization of
electroconvulsive treatment (ECT) or transcranial magnetic stimulation (TMS) may be con-
templated [8].

The etiology of MDD encompasses a complex interplay among genetic, neurological, and
environmental components. The significance of neurotransmitter abnormalities, specifically
within the serotonin, norepinephrine, and dopamine systems, has been highlighted in recent
research [9]. The decreased levels of these neurotransmitters disrupt communication between
brain regions involved in mood regulation, cognition, and emotion processing. The dysregula-
tion of the hypothalamic-pituitary-adrenal (HPA) axis, which is responsible for responding to
stress, is associated with increased levels of cortisol, leading to impacts on mood and physio-
logical processes [10-12]. The presence of neuroinflammation, as shown by elevated levels of
cytokines, has been observed in individuals with MDD and may impact neuroplasticity and
the regulation of mood-related pathways. An increase in cytokines can affect neurotransmitter
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metabolism, the integrity of the blood-brain barrier, and the neuroplasticity processes and syn-
aptic function [13]. Existing research suggests that people diagnosed with MDD frequently
demonstrate increased concentrations of pro-inflammatory cytokines and disrupted levels of
anti-inflammatory cytokines [14, 15]. The disruption of immunological signaling can poten-
tially disturb the intricate equilibrium between pro-inflammatory and anti-inflammatory pro-
cesses, which may impact brain circuits associated with mood regulation, cognition, and
behavior [16]. The "inflammatory hypothesis" posits that persistent inflammation, induced by
diverse stressors or environmental factors, may affect the onset and intensification of depres-
sion symptoms [12, 17].

The correlation between cytokines and chemokines with MDD reveals a significant connec-
tion between the immune system and mental well-being. The significance of cytokines, small
protein molecules involved in immune responses, and chemokines, which drive immune cell
migration and inflammation, in the pathophysiology of MDD has garnered significant interest
in recent studies [14, 15]. The association between neuroinflammation and depressive symp-
toms suggests that chemokines may substantially impact the etiology and persistence of MDD.
Consequently, a growing body of clinical research has documented the probable involvement
of CC chemokines, such as monocyte chemoattractant protein (MCP)-1, macrophage inflam-
matory protein (MIP)-1c, MIP-1f, and CXC chemokines, including interleukin (IL)-8, in
MDD [18, 19]. CC chemokines, such as MCP-1, MIP-1¢, and MIP-1, as well as CXC chemo-
kines, including CXCL8, CXCL10, and CXCL4, exhibited a significant increase in MDD
patients compared to the control group [18-21]. Furthermore, the research indicated that
these elevated serum levels were significantly reduced after antidepressant treatments [15, 18],
suggesting a potential association between these chemokines and MDD.

To understand the intricate pathophysiology of MDD, specific cytokines, and chemokines
have garnered attention for their potential roles in shaping the disorder’s underlying mecha-
nisms. Notably, Tumor Necrosis Factor-o. (TNF-o) and MCP-4 have emerged as intriguing
cytokines contributing to our comprehension of MDD’s intricate web. TNF-q, a pro-inflam-
matory cytokine, plays a multifaceted role in the pathophysiology of MDD [5, 22]. Researchers
observed elevated levels of TNF-a in individuals with MDD, and its presence is associated
with activation of the immune response. TNF-os influence extends to the nervous system,
impacting neurotransmitter function, neuronal plasticity, and synaptic connectivity [5]. The
cytokine’s pro-inflammatory effects may disturb the balance of neurotransmitters such as sero-
tonin and dopamine, critical for mood regulation. Also, TNF-o. can promote oxidative stress
and contribute to neural cell damage, further implicating its role in the neurodegenerative
aspects of MDD [23-30]. MCP-4, a chemokine, is also gaining recognition for its potential
involvement in MDD [31, 32]. As a key player in immune cell recruitment and activation,
MCP-4 can influence inflammation and immune response regulation. Altered levels of MCP-4
have been associated with depressive symptoms, suggesting its role in the intricate interplay
between the immune system and mood regulation [32]. MCP-4 mediates the cross-talk
between the peripheral and central immune systems by triggering the chemotaxis of mono-
cytes and other immune cells, leading to the infiltration of monocytes and other immune cells
from the peripheral system to inflammatory sites in the CNS [33]. So, MCP-4 mediates cell-to-
cell communication and causes infiltration of inflammatory cells into the CNS, resulting in
neuroinflammation [34]. Though these activities are sometimes beneficial for immune
responses protecting the CNS, low and chronic neuro-inflammation causes disruption in neu-
ronal circuits and several dopaminergic, adrenergic, or serotonergic pathways that ultimately
lead to MDD [35]. Neuro-inflammation triggered by TNF-o. or MCP-4-mediated infiltration
of monocytes could also destroy glial cells, including oligodendrocytes, astrocytes, and micro-
glia. Despite having the potential to regulate mood disorders, MCP-4 remains a poorly
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understood chemokine, and there is a scarcity of clinical studies evaluating the putative role of
MCP-4 in MDD [32]. The associations of TNF-o. and MCP-4 with MDD underscore the intri-
cate interplay between immunological processes and mental health. Altered levels of these
immune molecules in individuals with MDD suggest a possible contribution to the systemic
inflammation often observed in the disorder. Elucidating the roles of TNF-o. and MCP-4 in
MDD will not only advance our understanding of the underlying mechanisms but also present
opportunities for developing targeted interventions that address the immunological dimension
of the disorder.

Despite considerable progress in understanding MDD, several significant knowledge gaps
persist in this complex and multifaceted mental health condition. One issue revolves around
the underlying neurobiological mechanisms of MDD (36, 37]. The precise intricacies of how
neurotransmitter imbalances lead to the constellation of depressive symptoms remain elusive
despite the role of altered neurotransmitters in the pathophysiology of depression. Addition-
ally, the role of neuroinflammation and the immune system in MDD is an area of growing
interest. However, the precise relationships between immune dysregulation, neural circuits,
and mood disturbances require further elucidation [38-40]. The identification of reliable and
objective biomarkers for MDD remains a challenge. While research has explored potential bio-
markers in blood, cerebrospinal fluid, and neuroimaging data, a lack of consistent markers for
diagnosis, prognosis, and treatment response hinders personalized approaches to MDD man-
agement [40-42]. As we don’t have any specific biomarkers for MDD, emerging evidence sug-
gests that cytokines like TNF-a and chemokines like MCP-4 could hold potential candidates.

Our study aims to investigate the correlation between MDD and these potential biomarkers
to bridge this knowledge gap. By examining the levels of TNF-o. and MCP-4 in both MDD
patients and healthy controls, we seek to uncover whether alterations in these immune mole-
cules are associated with MDD. To address this objective, we have designed a comprehensive
case-control study comparing the circulating levels of TNF-o. and MCP-4 between individuals
diagnosed with MDD and a matched group of healthy individuals. This study endeavors to
shed light on the utility of TNF-oe and MCP-4 as potential biomarkers for MDD, advancing
our understanding of the complex interplay between immune dysregulation and depressive
disorders and offering promising insights into improved diagnostic and therapeutic
approaches.

2. Methods and materials
2.1 Study design

In this study, we conducted a case-control investigation, including 88 participants from MDD
patients and healthy controls (HCs). We recruited MDD patients from the Department of Psy-
chiatry of Bangabandhu Sheikh Mujib Medical University (BSMMU) in Bangladesh and HCs
from various areas of Dhaka from October 1, 2022, to December 31, 2022. Our study focused
on 18-to-60-year-old male and female adults. We included 58 MDD patients and 30 HCs
matched with their sexes and ages. Experienced psychiatrists performed thorough clinical
interviews of participants following DSM-5 criteria to ensure the accuracy of clinical evalua-
tions. We considered cases if depressive symptoms persisted for at least two weeks. Exclusion
criteria included participants with a history of cardiac, hepatic, kidney, inflammatory, or
severe somatic disorders and those who had consumed alcohol or illicit substances within the
previous six months. In addition, participants abstained from taking any medications, includ-
ing antidepressants and antipsychotics, for at least one week before the evaluation to prevent
potential interference with serum TNF-o and MCP-4 levels. Also precluded from the study
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were pregnant women and those with other underlying medical conditions. Using a pre-struc-
tured questionnaire, we gathered sociodemographic data from each participant in the study.

2.2 Collection, processing, and storage of blood samples

We collected 5 ml of blood samples from each MDD patient and HCs for laboratory analysis.
The blood was allowed to cot for one hour at room temperature. To separate serum from
whole blood, we centrifuged collected blood samples at 1000 g for 15 minutes. The serum was
then placed in Eppendorf containers and frozen at -80°C. To determine the serum levels of
TNF-o and MCP-4, we used commercially available human TNF-o. and MCP-4 ELISA kits,
respectively (Boster Bio, USA).

2.3 Sample analysis

We followed the manufacturer’s instructions throughout the complete procedure for analyzing
samples. At first, we dispensed 100yl of serum sample and standard solution into the corre-
sponding wells of a 96-well microplate. After covering the plate with a sealer, we incubated it
at 37°C for 90 minutes. Then, we discarded the liquids from the wells and added 100yl of the
respective cytokine’s detection antibody to specific wells with thorough mixing. After resealing
the plate, we incubated it at 37°C for 60 minutes. Following this, we aspirated the contents of
each well and rinsed three times with 300l of wash buffer. Next, 100l of the avidin-biotin-
peroxidase complex was added to each well, and the plates were incubated at 37°C for 30 min-
utes. After discarding the liquids, each plate was washed with 300ul of wash buffer five times.
To complete the procedure, we added 90l of color-developing agent to each well, followed by
100yl of stop solution. Finally, we promptly measured absorbance at 450 nm, calculating
serum TNF-o and MCP-4 concentrations in pg/ml.

2.4 Statistical analysis

We used GraphPad Prism version 5.0b (GraphPad, San Diego, USA) and SPSS statistical soft-
ware version 25.0 (IBM Corp., Armonk, NY) for data analysis. To summarize the demographic
and clinical characteristics of the study population, descriptive statistics were used. The data
were presented as the mean + standard error mean (SEM). We applied an unpaired two-tailed
student’s t-test to determine the statistical significance of differences in age, sex, BMI, and
other parameters between the patient and HCs. We used dot-plot graphs to compare study
parameters between the groups. Also, we compared the serum levels of the relevant cytokines
between MDD patients and HCs using a two-tailed, unpaired Student’s t-test. The correlations
between cytokine levels and disease severity (Ham-D scores) were analyzed using Pearson’s
correlation coefficient. To distinguish MDD patients from HCs, we analyzed TNF-o. and
MCP-4 levels using Receiver Operating Characteristics (ROC) curves. We computed diagnos-
tic precision metrics, including sensitivity, specificity, and positive/negative predictive values.
In all cases, we regarded p<0.05 to be statistically significant.

2.5 Ethical consideration

The research protocol was approved by the Ethical Review Committee of the Faculty of Phar-
macy, University of Dhaka, Bangladesh (Ref. No. Fa. Ph. E/009-A/22). The objectives of the
study were communicated to the participants, and written consent was obtained from each
participant. We conducted this investigation in accordance with the Helsinki Declaration’s
guiding principles.
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3. Results
3.1 Socio-demographic and clinical characteristics of study population

The socio-demographic characteristics of the study subjects are presented in Table 1. MDD
patients and HCs were very similar by age, percentage of males and females, and BMI values.

Table 1. Sociodemographic characteristics of the study population.

Parameters MDD patients (n = 58) Mean + SEM Healthy controls (n = 30) Mean + SEM p value
Age in years 30.57+1.33 30.77+1.75 0.930
18-25 19 (32.76%) 10 (33.33%)
26-35 25 (41.10%) 11 (36.67%)
36-45 9 (15.52%) 7 (23.33%)
46-60 5(8.62%) 2 (6.67%)
Sex 0.641
Male 18 (31.04%) 9 (30.00%)
Female 40 (68.96%) 21(70.00%)
Marital status 0.382
Married 38 (65.52%) 19 (63.33%)
Unmarried 20 (34.48%) 11 (36.67%)
BMI (kg/m’) 23.09+0.48 24.22+1.04 0.261
Below 18.5 (CED) 06 (10.35%) 0 (0.00%)
18.5-25 (normal) 39 (67.24%) 15 (50.00%)
Above 25 (obese) 13 (22.41%) 15 (50.00%)
Education level 0.162
Illiterate 1(1.73%) 3 (10.00%)
Primary level 12 (20.69%) 4(13.34%)
Secondary level 13 (22.41%) 3 (10.00%)
Higher Secondary level 15 (25.86%) 7 (23.33%)
Graduate and above 17 (29.31%) 13 (43.33%)
Occupation 0.541
Housewife 26 (44.83%) 11 (36.67%)
Service 13 (22.41%) 8 (26.67%)
Unemployed 8 (13.79%) 4(13.33%)
Student 0 (0.00%) 1(3.33%)
Others 11 (18.97%) 6 (20.00%)
Economic status 0.829
High 4 (6.89%) 3 (10.00%)
Medium 35 (60.35%) 18 (60.00%)
Low 19 (32.76%) 9 (30.00%)
Smoking history 0.104
Nonsmoker 53 (91.38%) 30 (100.00%)
Smoker 5 (8.62%) 0 (0.00%)
Residence area 0.689
Rural 18 (31.03%) 9 (30.00%)
Urban 40 (68.97%) 21(70.00%)
Family history of MDD 0.084
Yes 7 (12.07%) 0 (0.00%)
No 51 (87.93%) 30 (100.00%)

Abbreviations: BMI, body mass index; CED, chronic energy deficiency; MDD, major depressive disorder; SEM, standard error mean. p<0.05 is considered to be

statistically significant.

https://doi.org/10.1371/journal.pone.0294288.t001
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Table 2. Clinical characteristics and laboratory parameters of MDD patients and healthy controls.

Cytokine MDD patients (n = 58) Mean + SEM Healthy controls (n = 30) Mean + SEM p value
Ham-D scores 17.88+0.73 0.66+0.21 <0.001
Male 14.89+1.07 0.55+0.24
Female 19.23+0.87 0.71+0.28
Serum TNF-o (pg/ml) 47.00£6.60 28.06+ 1.07 0.043
Male 45.52+5.43 28.63+2.51
Female 48.87+9.40 27.76x1.03
Serum MCP-4 (pg/ml) 70.49+6.45 40.21+4.09 0.002
Male 69.10+£7.92 45.96+8.30
Female 71.17+8.86 37.80+4.68

Data are expressed as mean+SEM and analyzed by unpaired two-tailed student’s t test for determining the level of significance between mean difference between
patients and control groups. P< 0.05 is considered to be statistically significant. Ham-D, 17-item Hamilton depression rating scale; MDD, major depressive disorder;

SEM, standard error mean; MCP-4, monocyte chemoattractant protein-4; TNF-o, tumor necrosis factor-alpha.

https://doi.org/10.1371/journal.pone.0294288.t1002

The average age for recruited MDD patients was 30.57+1.33 years, while that for HCs was
30.77+1.75 years, and there was no significant variation between them (p = 0.930). Similar per-
centages of males (31.04% and 30.00%) and females (68.96% and 70.00%) were recruited in
patients and HCs, respectively. Similarly, there was no statistically significant (p = 0.261) varia-
tion in BMI values between patients (23.09+0.48 kg/mz) and HCs (24.22+1.04 kg/ m?). There
were no significant variations for other socio-demographic parameters between the groups
(Table 1). The clinical characteristics and laboratory findings of the study population are pre-
sented in Table 2. Ham-D scores were determined to express the severity of the disease. MDD
patients displayed significantly higher Ham-D scores (17.88+0.73) than HCs (0.66+0.21).
However, female (19.23+0.87) MDD patients displayed significantly higher Ham-D scores
than their male counterparts (14.89+1.07).

3.2 Laboratory findings

In our case-control study, we found significantly (p = 0.043) higher serum levels of TNF-a in
MDD patients (47.00+6.60 pg/ml) compared to HCs (28.06£1.07 pg/ml) that indicates TNF-a.
might be associated with the pathophysiology of MDD (Table 2 and Fig 1). Another finding
was that similar levels of TNF-o were observed in male and female MDD patients (Table 2)
which implies no significant variation of inflammatory response in MDD between males and
females of Bangladeshi origin. A significantly (p = 0.002) higher serum MCP-4 levels were also
observed in MDD patients (70.49+6.45 pg/ml) compared to HCs (40.21+4.09 pg/ml) indicat-
ing that this chemokine might be associated with the disease pathogenesis (Table 2 and Fig 1).
As for TNF-o. level, a similar magnitude of serum MCP-4 levels was observed in male and
female MDD patients (Table 2).

3.3 Association between TNF-a and MCP-4 with MDD severity

We observed that serum TNF-o. levels are significantly and positively (Pearson’s correlation
coefficient, r = 0.300, p = 0.038) (Fig 2) correlated with the Ham-D scores in MDD patients
implicating a moderate strength of association between the disease severity and TNF-a serum
levels. Contrary to the results obtained for TNF-o, Pearson’s correlation analysis showed that
serum MCP-4 levels were significantly and negatively correlated (r = -0.270, p = 0.048) (Fig 2)
with Ham-D scores in MDD patients suggesting that higher MCP-4 levels are associated with
lower severity of the disease and lower MCP-4 levels are linked to the higher disease severity.
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Fig 1. Differences of serum TNF-0 and MCP-4 levels between MDD patients and healthy controls.
https://doi.org/10.1371/journal.pone.0294288.9001

3.4 Receiver operating characteristics analysis

We performed Receiver Operating Characteristics (ROC) analysis to evaluate the diagnostic
efficacy or accuracy of serum TNF-o and MCP-4 levels in differentiating patients with MDD
from HCs. ROC analysis revealed that serum TNF-o. levels displayed good diagnostic value
with an area under the curve (AUC) of 0.820 (CI: 0.726 to 0.914, p<0.001) with 80.77% sensi-
tivity and 73.58% specificity at a cut-off point value of 31.78 pg/ml. Also, serum MCP-4 levels
showed good diagnostic performance with AUC value of 0.753 (CI: 0.642 to 0.864, p<0.001)
and percentages of sensitivity (66.67%) and specificity (72.73%) at an optimal cut-off value of
44.78 pg/ml (Table 3 and Fig 3).

4. Discussion

We observed serum TNF-o level was significantly higher in MDD patients compared to HCs,
and these elevated serum levels were positively and moderately correlated with disease severity,
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Fig 2. Correlation between serum TNF-a and MCP-4 levels with the severity scores among the MDD patients.
https://doi.org/10.1371/journal.pone.0294288.9002
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Table 3. ROC analysis for serum levels of TNF-a and MCP-4 as discriminators between MDD patients and healthy controls.

Cytokine Cut-off value (pg/ml) AUC 95% CI Sensitivity (%) Specificity (%) PPV (%) NPV (%) p value
Lower limit Upper limit

TNF-o 31.78 0.820 0.726 0.914 80.77 73.58 88.64 60.00 <0.001

MCP-4 44.78 0.753 0.642 0.864 66.67 72.73 81.63 54.54 <0.001

ROC, Receiver operating characteristics curve; CI, confidence interval; AUC, area under the ROC curve; PPV, positive predictive value; NPV, negative predictive value.

https://doi.org/10.1371/journal.pone.0294288.t003

implicating that peripheral levels of TNF-a might be associated with MDD disease pathogene-
sis. We observed a 1.67-fold increase in serum TNF-a levels in MDD patients compared to
HCs. Xu et al. (2023) also observed a 1.73-fold increase in serum TNF-o levels in MDD
patients (4.63 + 0.39 pg/ml) compared to HCs (2.67 £ 0.11 pg/ml) [18]. Consistent with our
result, Fan et al. (2017) also reported a two-fold elevation in serum TNF-o levels in MDD
patients (4.65+1.58 pg/ml) compared to HCs (2.24+1.58) [43]. However, the 12.5-fold higher
serum TNF-o levels observed in Bangladeshi HCs compared to that of a Chinese cohort might
reflect the higher inflammatory status of the Bangladeshi population that might be due to the
ethnic variation in cytokine expression profile among them. Yao et al. (2020) also recruited a
similar number of patients (n = 57) and HCs (n = 30) in their study and observed a 2.20-fold
increase in TNF-a levels in MDD patients compared to HCs [44]. Several researchers also
observed elevated serum levels of TNF-o in MDD patients compared to HCs [45-52]. In con-
trast to our findings, Farid et al. (2007) and Einvik et al. (2012) observed no significant alter-
ation in TNF-a levels in MDD patients [53, 54]. Similarly, Myung et al. (2016) reported that
TNEF-a levels were not associated with MDD and found no significant correlation between
Ham-D scores and TNF-a. [55]. Another finding of our study was that we observed increased
serum MCP-4 levels in MDD patients compared to HCs. However, the present study saw a
negative correlation between elevated MCP-4 levels and the disease severity of MDD. Contrary
to our results, Gao et al. (2022) observed that MCP-4 serum levels were significantly lowered
in MDD patients (37.83+6.42 pg/ml) compared to HCs (98.25£8.04 pg/ml). In contrast to our
observation, Gao et al. (2022) observed no significant correlation between Ham-D scores and
MCP-4 serum levels. The observed discrepancy between elevated serum MCP-4 levels in

ROC curve for TNF-. ROC curve for MCP-4
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Fig 3. Receiver Operating Characteristic (ROC) curve for serum TNF-a and MCP-4 levels in discriminating MDD patients from healthy controls.
https://doi.org/10.1371/journal.pone.0294288.9003
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MDD patients compared to HCs and a negative correlation between MCP-4 levels and Ham-
D scores in MDD patients could have some potential explanations [32].

ROC analysis showed that serum TNF-a levels display good discriminatory value in differ-
entiating MDD patients from HCs, evidenced by significantly higher AUC values (0.812) with
80.77% sensitivity and 73.58% specificity at a cut-off value of 31.78 pg/ml along with a diagnos-
tic odd ratio of 11.71 and Youden’s index of 0.543. This result is in good agreement with the
previously reported findings performed by Das et al. (2020), where TNF-o serum levels exhib-
ited good predictive values with a significantly higher AUC of 0.866 and 81.60% sensitivity
and 66.70% specificity at a cut-off value of 29.60 pg/ml [56]. Xu et al. (2023) also evaluated the
diagnostic accuracy of TNF-a levels, and they reported serum TNF-o showed an AUC of
0.750 with 83.00% sensitivity and 59.00% specificity for potential use in predicting risk for
developing MDD [18]. These findings indicate that the TNF-o levels might be used as a poten-
tial blood-based biomarker to evaluate the risk of developing MDD or to monitor the thera-
peutic response of antidepressants. However, serum MCP-4 levels showed moderate
diagnostic efficacy in discriminating MDD patients from controls due to its lower percentages
of sensitivity and specificity in diagnosing MDD patients. The calculated DOR displayed by
this chemokine measurement was only 5.46 out of 10 as a good performance indicator. Also,
Youden’s index was 0.394 out of 0.50 as the clinically effective discriminatory value. These cal-
culated performance measures indicated that compared to TNF-c, MCP-4 serum levels exhib-
ited lower efficacy in discriminating MDD patients from HCs. In contrast to our observation,
Gao et al. (2022) reported that MCP-4 levels had good diagnostic value with an AUC value of
0.980 with 94.4% and 89.5% sensitivity and specificity, respectively at a cut-off value of 46.31
pg/ml where the lower value of MCP-4 resembles disease states [32].

Elevation of serum TNF-a levels in MDD patients can be reduced following the administra-
tion of antidepressants that potentiate the cytokine hypothesis in the pathogenesis of MDD
[25, 27, 57]. Recently, some studies shed some light on the potential mechanism of action of
TNF-o in depression. Zhu et al. (2006) showed that TNF-o. stimulated serotonin (5-HT)
uptake into presynaptic neurons by activating MAPK-mediated serotonin transporters to
decrease the concentration of serotonin in the synaptic cleft [58]. As serotonin is one of the
major neurotransmitters responsible for mood regulation, its reduced level leads to MDD.
TNF-o enhances tryptophan metabolism by activating the indoleamine 2,3-dioxygenase
enzyme, a catalyst for the conversion of tryptophan to kynurenine [59-60]. As tryptophan is
the precursor for serotonin, TNF-o ultimately downregulates serotonin concentration by
enhancing tryptophan depletion. TNF-a also activates the HPA axis associated with MDD
pathophysiology [5]. Peripheral serum level of TNF-a is linked to neuro-inflammation as
peripheral cytokines can cross the blood-brain barriers either through transporter protein-
mediated active transport, transcellular migration, or through peripheral afferent nerves and
can reach the CNS to activate microglia or other neuronal cells [60, 61]. Therefore, the trans-
migrated TNF-a can regulate the release of other pro-inflammatory cytokines such as IL-6, IL-
1B, IL-8, etc. The secreted cytokines can activate neurodegenerative processes by triggering
persistent chronic neuro-inflammatory activities such as excessive production of PGE2, reac-
tive oxygen species (ROS), and reactive nitrogen species (RNS) [62]. All these mediators can
damage neuronal circuits and pathways involved in mood regulation and thus lead to depres-
sive symptoms.

Though there have been an increasing number of clinical and preclinical studies linking
cytokines serum levels with the development of MDD, studies evaluating the role of chemo-
kines such as MCP-4 are either inadequate or lacking [63, 64]. CC Chemokines trigger chemo-
taxis of monocyte-derived macrophages and other immune cells to the sites of infection and
injured or inflamed tissues by influencing calcium influx mediated by the GPCR signaling
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pathway [65]. They also can contribute to inflammatory responses by inducing the secretion of
pro-inflammatory mediators [63]. Chemokines can mediate the cross-talk between the periph-
eral immune system and the central nervous system by triggering the infiltration of leucocytes
into sites of inflammation [15]. Elevated serum MCP-4 levels in MDD patients suggested an
increased inflammatory or immune response in MDD. However, the negative correlation
between MCP-4 and disease severity indicates that the role of MCP-4 in MDD is much more
complex than was previously thought. The decreased MCP-4 levels in severely depressed
patients might be due to the influence of one or more biological factors on MCP-4 levels that
may cause the down-regulation of MCP-4 levels in patients with higher severity [30]. Another
plausible explanation for this discrepancy was that inflammatory responses in MDD might dis-
play biphasic effects with low to moderate inflammatory activity. Therefore, lower MCP-4 lev-
els might lead to disease development, and higher inflammatory response exhibited by higher
MCP-4 levels reduces symptoms of MDD that can explain the elevated levels of MCP-4 in
MDD patients with a negative correlation with disease severity [66]. Another probable expla-
nation for these contradictory findings is that in this study population, MCP-4 might display
both pro-inflammatory chemotactic activities leading to MDD development and neuroprotec-
tive functions diminishing the depressive symptoms. There might be a situation during the
developmental phase of MDD where the pro-inflammatory chemotactic activity of MCP-4 was
dominant to a certain level. Therefore, we saw elevated serum MCP-4 levels in MDD patients
compared to HCs. These higher concentrations of MCP-4 might show more neuroprotective
functions and other neuromodulatory effects that help to reduce disease severity. Madrigal

et al. (2009) reported some neuroprotective functions of MCP-1 due to its ability to inhibit
neuronal damage and block glutamate-mediated excitotoxicity [67]. Researchers found that
MCP-1 has some neuromodulatory activities like stimulating neurogenesis, enhancing dopa-
minergic neurotransmission, etc. [65]. Proma et al. (2022) also observed a negative correlation
between MCP-1 and the disease severity of MDD and suggested that the neuroprotective func-
tions might be the reason [37]. As MCP-1 and MCP-4 belong to the same class of chemokines
having similar biological activities [68], MCP-4 might display similar neuroprotective and
dopaminergic activity-enhancing functions in CNS to improve symptoms of MDD. Therefore,
further research is warranted to explore the underlying mechanisms of the complex role of
MCP-4 in MDD. The heterogeneity of MDD might also explain this discrepancy. As MDD is
not a single type of condition but a spectrum of different subtypes with various underlying fac-
tors, the observed negative correlation between MCP-4 levels and disease severity is only asso-
ciated with this specific subtype of MDD patients in the Bangladeshi cohort. The observed
discrepancy might also be due to the statistical noise stemming from the smaller sample size.
Moreover, the weak negative correlation between Ham-D scores and MCP-4 levels (r = -0.27)
indicates the requirement for further studies with a larger sample size and a more homoge-
neous population.

This case-control study evaluating the potential for serum TNF-o. and MPC-4 levels as risk
predictors for developing MDD in the Bangladeshi population has several clinical and thera-
peutic implications. Firstly, the study findings of elevated serum TNF-o. levels in MDD
patients compared to HCs and the significant and positive correlation between TNF-a levels
and disease severity of MDD implicated that MDD patients of the Bangladeshi cohort dis-
played a higher level of inflammatory and immune responses. These findings support the cyto-
kine hypothesis that pro-inflammatory cytokines are associated with MDD. Besides, we found
a significant elevation of MCP-4 levels in MDD patients compared to HCs. However, a nega-
tive correlation between altered MCP-4 levels and disease severity indicates a complex role of
MCP-4 in the pathophysiology of MDD. We hypothesized that plausible explanations for this
negative correlation between MCP-4 levels and disease severity might be due to either the
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complexity of chemokine role in MDD in which other biological factors might downregulate
MCP-4 levels in severely depressed patients or this might be similar to MCP-1, MCP-4 might
display some neuroprotective and neuromodulatory effects. However, the significant elevation
of MCP-4 in MDD patients compared to HCs indicated that MDD patients exhibited higher
inflammatory responses than HCs. These findings will shed some light on our understanding
of the role of cytokine and chemokine in MDD disease pathology. However, at this stage, we
cannot conclude whether the altered serum TNF-o and MCP-4 levels are the etiological factors
for the development of MDD or if they are just the outcomes of elevated inflammatory
responses due to depressive episodes. More studies investigating the mechanism of actions of
these cytokines in MDD disease pathophysiology are warranted. Recently, several clinical stud-
ies demonstrated that anti-inflammatory agents such as celecoxib, minocycline, TNF-a antag-
onists’ infliximab, and etanercept displayed some antidepressant activities or acted as
adjunctive therapy in combination with antidepressants such as sertraline, fluoxetine by
enhancing the efficacy of antidepressants [5, 69, 70]. Also, some studies showed that adminis-
tration of currently available antidepressant drugs such as sertraline can reduce elevated base-
line cytokines such as TNF-o or chemokine such as CCL2/MCP-1 [44, 65]. These results
suggested that the TNF-o signaling pathway and MCP-4 signaling pathway could be a poten-
tial target for novel antidepressants or adjunctive therapy for antidepressants. In this study, we
observed a significant association between TNF-o. and MCP-4 and MDD disease severity that
potentiated the cytokine hypothesis in MDD disease development and might pave the way for
targeting TNF-o and MCP-4-mediated inflammatory pathways for the development of novel
therapies against MDD.

Another principal implication of our study finding is that the increased serum TNF-o. levels
can evaluate the risk for developing MDD as TNF-o serum levels displayed a good diagnostic
efficacy in discriminating MDD patients from HCs. The early prediction of developing MDD
using serum TNF-o levels might be beneficial to start the management and therapeutic inter-
ventions for MDD at an early stage that can lower the rate of morbidity and suicidal tendency.
Compared to other diagnostic tools, serum cytokine-based biomarkers are less invasive, more
economical, and easier to perform. Moreover, cytokine-based biomarkers will exhibit an
objective risk assessment compared to currently available subjective questionnaire-based
detection tools. Thus, there is a growing interest among the scientific community in develop-
ing cytokine-based biomarkers for neuropsychiatric disorders like MDD. We thought that
serum TNF-o levels have the potential to be used as a cytokine-based biomarker for the detec-
tion of MDD. However, further clinical and longitudinal studies are required to demonstrate
the diagnostic efficacy of this cytokine.

Strengths of our study include the robust evidence supporting elevated serum TNF-o levels
in MDD patients compared to HCs, supported by multiple studies with consistent findings.
ROC analysis highlighted the diagnostic potential of serum TNF-o levels in discriminating
MDD patients from HCs, suggesting a valuable biomarker for early risk assessment and moni-
toring therapeutic responses. Additionally, our study contributes to the growing body of evi-
dence linking inflammation and depression, reinforcing the cytokine hypothesis of MDD
pathogenesis. Furthermore, exploring potential mechanisms involving TNF-o,, such as its
impact on serotonin regulation, tryptophan metabolism, and the HPA axis, provides valuable
insights into the complex relationship between cytokines and depression.

Nevertheless, it is imperative to acknowledge several constraints. Initially, the found dispar-
ity in MCP-4 levels and their inverse association with disease severity prompts inquiries on the
involvement of MCP-4 in MDD, thus requiring additional research and replication in large
and more homogeneous cohorts. The potential presence of statistical noise in the sample size,
especially for HCs, suggests that obtaining more samples could yield more reliable and robust
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findings. Furthermore, it is vital to note that the case-control nature employed in this study
imposes limitations on our capacity to show a causal relationship between modified cytokine
levels and MDD. Longitudinal studies can thoroughly investigate this association over an
extended period. Moreover, the observed discrepancy in cytokine expression between cohorts
of Bangladeshi and Chinese individuals underscores the necessity of exercising prudence
when extrapolating research findings to heterogeneous populations.

Despite these limitations, our study offers valuable clinical and therapeutic implications.
The increased TNF-o levels in MDD patients compared to HCs support the cytokine theory of
MDD pathophysiology. Additionally, the positive connection between TNF-a levels and dis-
ease severity implies a role for peripheral TNF-o. in MDD pathophysiology. Serum TNF-o lev-
els can distinguish MDD patients from controls, making it a valuable biomarker for early risk
assessment and tracking therapy responses. Therefore, these findings could improve MDD
detection and management, reducing disease burden. However, the role of MCP-4 in MDD is
more complicated. Despite significantly increased blood MCP-4 levels in MDD patients, their
negative connection with disease severity supports a diverse role for MCP-4 in MDD patho-
physiology. However, this needs more study, primarily as chemokines like MCP-4 may protect
and modulate the central nervous system. Ethnic heterogeneity in cytokine expression empha-
sizes the importance of population-specific factors in MDD inflammation research. Our find-
ings suggest exploring new treatments for depression targeting TNF-o. and MCP-4-mediated
inflammatory pathways. To identify individuals at risk for MDD, cytokine-based biomarkers
such as serum TNF-o levels may be a reliable and more objective approach. Our study
advances our understanding of the complex relationship between inflammation and depres-
sion, promising better diagnosis and treatment of this debilitating mental health illness.

5. Conclusion

Our study highlights the complex connection between pro-inflammatory cytokines, such as
TNEF-a, and MDD. The potential for serum TNF-o levels as a biomarker for MDD risk assess-
ment and monitoring therapeutic responses could have significant clinical utility, particularly
for early intervention. Additionally, our findings reinforce the potential for targeting TNF-o.
and MCP-4-mediated inflammatory pathways to identify novel antidepressant therapies.
Opverall, our study contributes to the evolving understanding of the relationship between
inflammation and depression, paving the way for further research in this critical area of mental
health. However, we recommend further research on large and homogenous populations and
longitudinal studies to demonstrate causality and corroborate these findings.
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