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Purpose: Depressive mood is a major psychiatric symptom that causes serious disturbances in daily life. Unlike physical symptoms, 
psychiatric symptoms are more difficult to evaluate objectively. Therefore, we aimed to discover biomarkers that reflect changes in 
serum protein metabolism during a clinical depressive mood.
Methods: Serum protein profiling was conducted in participants who were not experiencing a current depressive episode (healthy 
individuals and patients in remission). Serum proteins were identified and quantified using liquid chromatography–tandem mass 
spectrometry. Differentially expressed proteins with a p-value <0.05 were selected, and candidate biomarkers were verified using 
multiple reaction monitoring analysis for absolute quantification.
Results: Apolipoprotein A-IV levels were lower in the group with a current episode of depression than in the remission and healthy 
control groups. Further, fibronectin levels were also lower in the group with a current episode of depression than in the healthy control 
group but not in the remission group.
Conclusion: We found that apolipoprotein A-IV-mediated inflammation is involved in clinical depressive moods, possibly by 
inducing neurological changes in the brain. Therefore, apolipoprotein A-IV and fibronectin levels may be explored as potentially 
novel biomarkers for detecting a current episode of depression.
Keywords: biomarkers, depression, liquid chromatography–tandem mass spectrometry, inflammation, neuroinflammation, serum 
proteomics

Introduction
The World Health Organization defines depression as a clinical symptom of sadness, irritability, emptiness, and depressive 
mood (like occasional suicidal ideation and behavior, a loss of pleasure or interest in activities, and anhedonia) lasting for at 
least two weeks.1 It causes difficulties in daily life due to various negative emotions and physical symptoms, such as sleep 
disorders, loss of appetite, and weight loss.1,2 The diagnosis of depression is generally based on the clinical medical 
examination through interviews and questionnaires about subjective mood states, such as the Beck Depression Inventory 
(BDI) and the Hamilton Rating Scale for Depression-17, filled out by the patient.3 According to a recent study, while 
environmental and other risk factors make up the majority of depression risk factors, some genetic risk factors also play 
a role.1 Chronic stress and stressful early life events can also cause depression.2 Alterations in several genes have been 
identified as potential risk factors for depression, including the genes, dopamine receptor D4, 5-hydroxytryptamine receptor 
1A, monoamine oxidase A, piccolo presynaptic cytomatrix protein, solute carrier family 6 member 3, solute carrier family 6 
member 4, and tryptophan hydroxylase 2. These genetic variations are involved in exchange of monoamine neuromediators. 
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However, these genetic alterations are not the only risk factors that lead to depression. Depression is a complex and 
multifactorial condition influenced by various biological, psychological, and environmental factors.

Unlike physical symptoms, the depressive mood is more difficult to judge objectively and can be judged only by 
subjective evaluation. A depressive mood lasting at least 2 weeks is classified as morbid depression, but it is not easy to 
distinguish from the routine negative emotions that occur in daily life. Therefore, biomarkers that reflect the depressive 
mood state in patients with major depressive disorder (MDD) and bipolar disorder (BD) could provide clues in 
understanding the mechanism underlying clinical depressive episodes, ultimately facilitating the prevention and treatment 
of depressive disorders. Given that the need for objective biomarkers for depression has been recognized, several studies 
have attempted to discover serum biomarkers of depression.4,5 These studies compared the expression patterns of serum 
proteins between patients with MDD and healthy individuals. Studies on identification of common biomarkers for 
depressive moods shared by multiple diseases, such as MDD, attention deficit hyperactivity disorder (ADHD), anxiety 
disorder, and BD have not been performed to date. Although these conditions have distinct underlying mechanisms, they 
share a common feature causing a negative mood. Identification of biomarkers that determine the presence or absence of 
depressive mood shared by different diseases may help in understanding the relation between the underlying mechanisms 
that contribute to depression.

To this goal, in this study serum protein profiling of patients experiencing a depressive episode was performed. 
Differentially expressed proteins in patients with a current depressive episode were compared to those in both healthy 
controls (ie, those without a history of clinical depressive mood state) and remission patients (ie, those who had 
previously experienced depressive episode but had been without any issues for at least 2 weeks) as controls. Although 
the patients in remission did not have clinical depression at that moment, they had physiological similarities to those in 
a current depressive episode. It has been reported that persistent inflammatory reactions are activated during a depressive 
episode and that the levels of inflammatory factors remain elevated even during remission.6,7 Therefore, remission 
patients were used to exclude biomarkers such as altered inflammatory factors in a past depressive episode. In addition, 
although both the remission and healthy individuals were considered asymptomatic, there was a difference in the degree 
of depressive mood between them. Depression levels are closer to zero in healthy individuals than in remission patients.3 

Therefore, this study also aimed to discover biomarkers that reflect the extent of depressive mood and the presence of 
a current depressive episode.

Biomarkers that accurately reflect the presence and severity of a depressive episode would significantly improve 
diagnostic accuracy and provide insights into the underlying biological mechanisms involved in depression. Prior studies 
have identified certain biomarkers specific to individual mood disorders, but a comprehensive investigation into shared 
biomarkers across different depressive mood conditions, such as MDD and BD, is scarce. Thus, the present study aims to 
discover novel serum biomarkers that change during a current depressive episode in both MDD and BD. We hypothesize 
that specific serum proteins levels are associated with a current depressive episodes in both, MDD and BD patients. We 
anticipate that these profiles will differ from those observed in healthy individuals without any history of clinical 
depression and in remission patients who previously experienced depression but are currently asymptomatic. By 
comparing these groups, we aim to identify distinct biomarkers associated with current depressive states while excluding 
those influenced by past inflammatory reactions.

Materials and Methods
Participants
This study evaluated participants with and without clinical depressive episode (CDE) from Eulji University Hospital 
(Nowon-gu, Seoul, Republic of Korea). Patients with a current depressive episode including MDD and BD, were 
diagnosed by a psychiatrist based on the clinical examination through interviews and questionnaires about subjective 
mood states, such as the BDI and the Hamilton Rating Scale for Depression-17, filled out by the patient.8,9 There were 22 
patients with a CDE in the discovery set and 49 patients with a CDE in the validation set (Table 1). Among 49 patients 
with a CDE in the validation set, patients with BD experiencing a current depressive episode (n = 13) and patients with 
MDD (n = 36) were included. As comparative controls, participants without CDE were divided into the following three 
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Table 1 Participant Characteristics

Sample Set Discovery Set Validation Set

CDE* (n=22) RCM' (n=19) RC” (n=5) HC† (n=21) CDE* (n=49) RCM' (n=48) RC” (n=7) HC† (n=59)

Medication n 11 19 0 0 19 48 0 0

Sex Male/Female 8/14 6/13 1/4 7/14 34/15 32/16 2/5 10/49

Age Average± SD 49.27± 16.13 58.74± 14.85 51.4± 4.56 54.81± 7.05 56.49± 17.26 59.2± 15.07 57.1± 10.81 60.4± 9.99

Smoking n 2 0 3 – 5 7 0 –

Sleeping habits
Regular n 12 13 5 – 32 33 6 –
Irregular 10 4 0 – 16 13 0 –

No information 0 2 0 – 1 2 1 –

Eating habits
Regular n 11 12 5 – 31 33 6 –
Irregular 11 5 0 – 17 13 0 –
No information 0 2 0 – 1 2 1 –

Hyperlipidemia n 6 3 0 – 9 6 0 –

BDI# score Average± SD 27.55 ±10.64 – – – 29.59 ±12.79 – – –

Symptoms of depression n (%) 22 (100) 19 (100) 0 (0) 0 (0) 49 (100) 48 (100) 0 (0) 0 (0)

Anxiety 19 (86.36) – – – 39 (79.59) – – –
Nervousness 19 (86.36) – – – 39 (79.59) – – –

Decline in cognitive function 14 (63.64) – – – 30 (61.22) – – –

Physical symptoms 12 (54.55) – – – 23 (46.94) – – –
Increased number of dreams 11 (50) – – – 14 (28.57) – – –

Suicide attempt 5 (22.73) – – – 10 (20.41) – – –

Febrile sense 3 (13.64) – – – 10 (20.41) – – –
Nausea 4 (18.18) – – – 13 (26.53) – – –

Increase in weight 4 (18.18) – – – 7 (14.29) – – –

Increase in sleepiness 2 (9.09) – – – 6 (12.24) – – –
Psychotic symptom 2 (9.09) – – – 1 (2.04) – – –

Increase in appetite 1 (4.55) – – – 4 (8.16) – – –

Dysphoric or mixed manic feature 1 (4.55) – – – 3 (6.12) – – –

Abbreviations: *CDE, Patient with clinical depressive episode; 'RCM, Remission control with medication treatment;”RC, Remission control with no medication treatment; †HC, Healthy control with no history of clinical depressive 
mood state and medication treatment; #BDI, Beck Depression Inventory.
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groups: the first group included participants who had a history of clinical depressive episode (MDD or BD) and were 
treated with medication (remission controls with medication treatment [RCM]); the second group included those who had 
a history of clinical depressive episode (MDD or BD) but were not treated with medication (remission controls with no 
medication treatment [RC]); and the third group included the participants who had no history of clinical depressive 
episode and had a normal BDI score of <13 (healthy controls [HC] who had no history of depressive mood disorder and 
medication treatment). The first group (RCM) involved 19 participants in the discovery set and 48 in the validation set 
(MDD: n = 35 and BD: n = 13); the second group (RC) involved 5 participants in the discovery set and 7 in the validation 
set; and the third group (HC) involved 21 participants in the discovery set and 59 in the validation set (Table 1). 
Participants in the discovery set underwent serum protein profiling using liquid chromatography–tandem mass spectro
metry (LC-MS/MS). The selected candidate biomarkers were verified using multiple reaction monitoring (MRM) 
analysis by absolutely quantifying the candidate biomarkers.

Serum Sample Collection and Processing for Mass Spectrometry Analysis
The serum of patients with clinical depression and asymptomatic controls, including patients in remission, was collected 
from Eulji University Hospital. Blood samples were obtained in an anticoagulant-free vacutainer. After 2 h at 24°C, 
blood samples were centrifuged at 4000 × g for 5 min to separate the serum. To separate six proteins highly abundant in 
human serum, a multiple-affinity removal system comprising a liquid chromatography (LC) column (human 6-HC, 4.6 × 
50 mm; Agilent Technologies, Santa Clara, CA, USA) was used before tryptic digestion, as previously described.10 

Briefly, samples were loaded onto the column, and the eluted high- and low-abundance proteins were collected 
separately. The low-abundance proteins were used for analysis. Proteins in the samples were concentrated using 
a Nanosep Centrifugal Device with an Omega™ Membrane 3 K (Pall Corporation, Port Washington, NY, USA).

Determination of Protein Concentration and Tryptic Digestion
To measure the levels of serum protein, a bicinchoninic acid (BCA) Protein Assay Kit (Thermo Fisher Scientific, 
Cleveland, OH, USA) was used in accordance with the manufacturer’s instructions. All samples were prepared to 
a concentration of 100 μg of protein in a total volume of 50 μL. For reduction, samples were prepared as peptides via 
treatment with 5 mM Tris (2-carboxyethyl) phosphine (Pierce, Rockford, IL, USA) at 37°C, centrifuged at 400 rpm for 
30 min, and then treated with 15 mM iodoacetamide (Sigma-Aldrich, St. Louis, MO, USA) for alkylation by incubating 
at 25°C for 1 h in the dark. Finally, serum proteins were cleaved into peptides by mass spectrometry (MS)-grade trypsin 
gold (Promega, Madison, WI, USA) at 37°C overnight. The cleavage products were desalted using a C18 cartridge 
(Waters, Milford, MA, USA). Cleaned samples were dried using a vacuum dryer (Scan Vac, LaboGene, Lynge, 
Denmark).

Sample Protein Fractionation and LC-MS/MS Analysis
All individual samples were pooled, and the pooled samples were analyzed by the data-dependent acquisition (DDA, also 
known as information-dependent acquisition, or IDA) method, and this data was used to create a protein library. Pooled 
serum samples were separated into 12 fractions using a 3100 OFFGEL Low Res Kit (pH 3–10; Agilent Technologies) in 
accordance with the manufacturer’s instructions. The cleavage products were cleaned using a C18 Macro spin column 
(Harvard Apparatus, Holliston, MA, USA). Cleaned samples were dried using a vacuum dryer (Scan Vac, LaboGene). 
The obtained twelve fractions were loaded onto an Eksigent nanoLC 400 system and the cHiPLC® (AB Sciex, Concord, 
ON, Canada). Apart from the pooled sample, the individual samples were analyzed for relative analysis using 
a TripleTOF 5600 mass spectrometer (AB Sciex) by sequential window acquisition of all theoretical mass spectra 
(SWATH) acquisition which is based on the data-independent acquisition (DIA) method. In each run, samples containing 
1 µg/µL were injected onto an Eksigent ChromXP nanoLC trap column (350 µm i.d. × 0.5 mm, ChromXP C18 3 µm) at 
a flow rate of 5000 nL/min. Thereafter, samples were eluted from the Eksigent ChromXP nanoLC column (75 µm i.d. × 
15 cm) at a flow rate of 300 nL/min for 95 min. Mobile phase B buffer was added gradually into the column (5–90%) 
over a 95-min total run time. The gradient of the mobile phase B buffer was as follows: (time/% B) 0 min/mobile phase 
B 5%, 10.5 min/40%, 80 min/90%, and 95 min/5%.
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Synthesis and Purification of Label-Free Standard Peptides
Two candidate proteins were selected as potential novel biomarkers that reflected the current active depressive mood. 
Peptides for absolute quantification were synthesized by Peptron Co. (Yousung, Korea). The following criteria were set 
for peptide selection: peptides that did not involve miscleaved sites, unmodified peptides, peptides without Met, within 
7–15 residues, and with a low false discovery rate (<1). After peptide standards were synthesized, two-fold serial 
dilutions were conducted from 1 μM peptide in high-performance liquid chromatography (HPLC)-grade water in 
accordance with the manufacturer’s protocol. Particular peptide(s) for study as candidate biomarker was selected 
based on the results of SWATH acquisition. The best-performing peptide in the SWATH acquisition was selected as 
a final candidate peptide to reflect the protein expression pattern. We confirmed that the selected peptide had similar 
patterns to its respective protein expression patterns. The final goal of MRM analysis was applying these proteins as 
biomarkers in the clinical field for rapid, easy, and efficient diagnosis. Therefore, a peptide with powerful and strong 
expression was needed.

Label-Free Quantification Through Multiple Reaction Monitoring Analysis
MRM Q1/Q3 ion pairs of peptides were selected using the Skyline library for absolute quantification. Voltage parameters 
for each transition, including collision energy, declustering potential, and collision cell exit potential, were determined 
using the Skyline library or compound optimization. An SCIEX Exion LC was used to segregate samples by using a C18 
column (ACQUITY UPLC BEH C18 Column [130 Å, 1.7 µm, 2.1 mm × 150 mm] with an ACQUITY UPLC BEH C18 
VanGuard Pre-column [130 Å, 1.7 µm, 2.1 mm × 5 mm]). Thereafter, samples were analyzed using a QTRAP 5500 (AB 
Sciex) in symptomatic patients with a depressive mood and asymptomatic controls. Each sample was loaded onto an LC 
column with a gradient of 5–90% mobile phase B and a total run time of 30 min. The mobile phase B buffer was 
gradually introduced into the LC column: (time/% B) 1 min/mobile phase B 5%, 50 min/40%, 21–25 min/90%, 25.5–30 
min/5%. Mobile phase B comprised 0.1% formic acid in HPLC-grade acetonitrile, while mobile phase A comprised 0.1% 
formic acid in HPLC-grade water. The source parameters for MRM analysis were as follows: curtain gas, 30 psi; low 
collision gas; ion spray voltage, 5500 V; temperature, 400°C; ion source gas 1, 40 psi; and ion source gas 2, 60 psi.

Statistical Analysis
Data processing was conducted using PeakView for peak detection and MarkerView software for total sum normalization 
and t-tests. Proteins with a p-value <0.05 were further analyzed. Results of MRM analysis were processed using 
MultiQuant software to calculate the absolute concentration of the analyte. Groups were compared using the Mann– 
Whitney test. Statistical analysis was performed using GraphPad Prism software version 5.0 (La Jolla, CA, USA).

Results
Sample Characteristics
The top five symptoms of depressive mood, as evaluated using the BDI score, were anxiety, nervousness, a decline in 
cognitive function, physical symptoms, and increased dreams, in that order (Table 1). Moreover, 86.36% of patients with 
depressive mood disorder had anxiety and nervousness, 63.64% had declined cognitive function, 54.54% had physical 
symptoms, and 50% had more frequent dreams. In addition, some of those patients had attempted suicide, were volatile, 
had nausea, demonstrated weight increase, experienced increased sleepiness, showed psychotic symptoms, had a history 
of panic disorder, had increased appetite, and were dysphoric or had mixed manic features (Table 1).

Sample Distribution
Sparse partial least squares discriminant analysis (sPLS-DA) was conducted to analyze the expression pattern of identified 
proteins in sample groups to distinguish CDE from three control subjects without CDE (RCM, RC, and HC). sPLS-DA 
analysis is based on the sample protein profile that is at least identified in one sample group. In the protein profiling list, if the 
expression of some proteins cannot be confirmed in a certain sample, a relative intensity value of 0 is displayed. CDE and 
RCM were identified as component 1 (7.7%) and component 2 (7.3%), respectively (Figure 1a). CDE and RC were identified 
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as component 1 (13.2%) and component 2 (8.7%), respectively (Figure 1b). CDE and HC were identified as component 1 
(8.4%) and component 2 (6.5%), respectively (Figure 1c). A total of 22 proteins were found to be differentially expressed 
between CDE and the three control samples (RCM, RC, and HC). These were divided into four clusters according to their 
expression patterns by heatmap analysis (Figure 1d). Each group’s average protein relative intensity was used for heatmap 
clustering analysis. The expressions of proteins in Cluster 1 were markedly upregulated in RC compared to that in the other 
groups. The expressions of proteins in Cluster 2 were markedly downregulated in HC than in the other groups. A pattern 
consistent with the total protein in cluster 3 could not be identified. The expressions of proteins in Cluster 4 were markedly 
downregulated in RC than those in the other groups.

Differentially Expressed Proteins in CDE
Among the identified 89 proteins, 22 were differentially expressed between CDE and the other groups (Table 2), with 
more than a 1.2-fold change and p < 0.05. The expressions of five proteins were upregulated and while those of another 
five proteins were downregulated in CDE than in RCM (Figure 2a). The expressions of seven proteins were upregulated, 

Figure 1 Distribution of proteins identified using LC-MS/MS in each group. Sparse partial least squares discriminant analysis (sPLS-DA) of (a) patients with a current 
depressive episode (CDE) and remission control with medication treatment (RCM), (b) CDE and remission controls with no medication treatment (RC) and (c) CDE and 
healthy controls (HC). The pink ellipses show a 95% confidence region of CDE, and the green ellipses show a 95% confidence region of asymptomatic controls (RCM, RC, 
and HC). (d) Heatmap clustering analysis of proteins identified using LC-MS/MS in each group. 
Abbreviation: LC-MS/MS, liquid chromatography-tandem mass spectrometry.
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and those of six proteins were downregulated in CDE than those in RC (Figure 2b). The expression of one protein was 
upregulated and while that of seven proteins were downregulated in CDE than those in HC (Figure 2c).

Meanwhile, although the expressions of 22 proteins were up- or downregulated in CDE than those in the other three 
control groups (Figure 2a–c), the expressions of two proteins, apolipoprotein A-IV (P06727) and fibronectin (P02751), 
were significantly downregulated in CDE than those in all the three control groups (p < 0.05) (Figure 2d). Apolipoprotein 
A-IV and fibronectin were therefore selected as candidate biomarkers for distinguishing CDE from those who do not have 
present clinical depressive episodes or healthy controls. Twenty-two proteins were clustered according to their expression 
patterns using heatmap analysis, and apolipoprotein A-IV and fibronectin were indicated by black arrows (Figure 2e). 
The average protein relative intensity of each group was used for clustering.

MRM Analysis for Verification of Candidate Biomarkers
For validation, MRM analysis was conducted for absolute quantification. One peptide each of apolipoprotein A-IV and 
fibronectin was selected and analyzed (Table 3). We found that apolipoprotein A-IV expression was significantly 
downregulated in CDE than that in all the other control groups (p < 0.05) (Figure 3a). Fibronectin expression was 
also significantly downregulated in CDE than in HC who had no history of clinical depressive mood state and had a BDI 
score of <13 (p < 0.05) (Figure 3b). Compared to the subjects who had a history of clinical depression, fibronectin levels 
were not significantly downregulated in CDE.

Apolipoprotein A-IV expression was significantly lower in CDE than that in all the three control groups. The study’s 
approach of utilizing remission patients (RCM and RC) as controls was crucial in excluding biomarkers influenced by 
past inflammatory reactions. By selecting remission patients who had experienced depression but were currently 
asymptomatic and subdividing them into groups with and without drug treatment effects, the study effectively identified 
biomarkers that are specific to the current depressive state and free from drug-related interference.

Table 2 Differentially Expressed Proteins with Statistical Significance (P<0.05)

No. Protein Name Swissprot ID Fold Change (p-value)

CDE* vs RCM' CDE* vs RC” CDE* vs HC†

1 Apolipoprotein A-IV P06727 −1.36 (0.00458) −1.74 (0.00242) −1.24 (0.0183)

2 Fibronectin P02751 −1.23 (0.01929) −1.62 (0.00039) −1.86 (6.56E-10)
3 N-acetylmuramoyl-L-alanine amidase P08185 −1.41 (0.00528) −1.34 (0.02754)

4 Prothrombin P00734 1.25 (0.0007) 1.29 (0.0219)

5 Antithrombin-III P01008 1.32 (0.00143) 1.37 (0.04273)
6 N-acetylmuramoyl-L-alanine amidase Q96PD5 1.37 (0.00709) 2.57 (0.00093)

7 Gelsolin P06396 −1.42 (0.00825) −1.22 (0.00723)

8 Zinc-alpha-2-glycoprotein P25311 −1.36 (0.00349)
9 Lumican P51884 −1.30 (0.00177)

10 Plasma kallikrein P03952 1.21 (0.00458)

11 Serum amyloid A-4 protein P35542 1.2 (0.00156)
12 Kallistatin P29622 1.35 (0.01452)

13 Clusterin P10909 1.27 (0.01941)

14 Complement component C8 beta chain P07358 1.59 (0.00442)
15 Alpha-2-antiplasmin P08697 1.41 (0.00259)

16 Complement C1q subcomponent subunit A P02745 −1.48 (0.02505)

17 Glutathione peroxidase 3 P22352 −1.27 (0.02692)
18 Immunoglobulin lambda constant 2 P0DOY2 −1.58 (0. 01993)

19 Plasma serine protease inhibitor P05154 −1.42 (0.0428)

20 Keratin, type I cytoskeletal 9 P35527 −1.68 (0.0094)
21 Complement component C8 gamma chain P07360 −1.56 (0.0002)

22 Coagulation factor IX P00740 2.24 (1.36E-07)

Abbreviations: *CDE, Patient with a clinical depressive episode; 'RCM, Remission control with medication treatment;”RC, Remission control with no 
medication treatment; †HC, Healthy control with no history of clinical depressive mood state and medication treatment.
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Meanwhile, the fibronectin levels of CDE were only different compared to those of HC, with lower levels in those 
with a CDE. The decrease in fibronectin expression was significantly more pronounced in HC than in that remission 
patients (RCM and RC), which suggest that remission patients (RCM and RC) have not yet recovered to the same status 
as HC. Compared with the remission patients (RCM and RC), the HC showed depression levels closer to zero. Therefore, 
fibronectin levels may be useful in determining whether the extent of depressive mood had a sufficiently low depressive 
mood score (closest to 0) and whether the patients are at risk of relapse.

Figure 2 Differentially expressed proteins identified using LC-MS/MS in each group. Volcano plot analysis (a) of patients with a current depressive episode (CDE) and 
remission controls with medication treatment (RCM), (b) CDE and remission controls with no medication treatment(RC), and (c) CDE and healthy controls (HC). (d) Venn 
diagram of differentially expressed proteins with significance (p < 0.05). Final candidate proteins are shown in the ellipses. (e) Heatmap clustering analysis of differentially 
expressed proteins with more than a 1.2-fold change, with statistical significance (p < 0.05) between CDE and at least one control subject (remission or healthy subjects). 
Final candidate proteins are indicated with the arrows. 
Abbreviations: LC-MS/MS, liquid chromatography-tandem mass spectrometry; CDE, patients with a current depressive episode; RCM, remission control with medication 
treatment; RC, remission control with no medication treatment; HC, healthy control who had no history of depression and medication treatment.

Table 3 MRM Parameters for Candidate Protein Verification

No. Protein Name Swissprot ID Synthetic Peptide Q1/Q3 CE DP

1 Apolipoprotein A-IV P06727 LGEVNTYAGDLQK 704.3594/1009.495 34.2 82.5
2 Fibronectin P02751 NLQPASEYTVSLVAIK 866.9776/228.0943 36.1 94.3

Abbreviations: CE, collision energy; DP, declustering potential; MRM, multiple reaction monitoring.
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Discussion
It has been reported that high levels of inflammatory and immune responses are accompanied by a clinically relevant 
depressive mood state.2,11–13 Antidepressant drugs that reduce the inflammatory response have been used to suppress 
depression. The use of antidepressants that target the inflammatory response demonstrates a direct association of inflammation 
with depression. Inflammation levels also reduce the effectiveness of antidepressants.12 As such, it can be inferred that 
depression and the inflammatory response are directly related and that if the level of inflammation is high, it is difficult to 
recover from depression by treatment with antidepressants. Some studies have shown that inflammation levels do not return to 
normal, and retain at a high inflammatory response, equal to that in a disease state not only in patients with current episodes of 
depression, but also in remission patients in whom the depression has disappeared.6,7 For example, levels of inflammatory 
markers, such as those of C-reactive protein or cytokines, are high even in a remission state. Functional analysis in this study 
confirmed that most of the identified proteins that showed similar expression levels between samples with and without current 
clinical depressive moods were related to the pro-inflammatory response. The inflammatory response is not only activated in 
the current depressive mood but also indicative of the past depressive mood.

Therefore, inflammation-related proteins that reflect the disappearance of current depressive episodes can be used as 
a beneficial indicator to evaluate the current depressive episode. The expression of apolipoprotein A-IV, which is 
involved in the inflammatory response, was decreased in CDE in this study. Apolipoprotein A-IV plays an anti- 
inflammatory role.14 Depression coincides with an upsurge in the pro-inflammatory response, and this inflammation 
might persist even when the condition is in remission.6,7 However, as the ongoing depressive episode abates, it can be 
assumed that the anti-inflammatory response normalizes, accompanied by an augmentation of anti-inflammatory proteins, 
such as apolipoprotein A-IV. Our finding of the difference in apolipoprotein A-IV expression in all the three control 
groups (RCM, RC, and HC) compared to CDE indicates that the apolipoprotein A-IV-mediated anti-inflammatory 
response is reactivated after the depressive mood disappears.

This raises the question of the relationship between the inflammatory response and the neurological changes that 
cause a depressive mood state. It has been reported that inflammatory and immune responses cause neurological changes 
and that neurological changes are followed by psychological symptoms.12,15 Activation of the inflammatory response in 
patients with depressive mood states, including MDD and BD, does not result from the depressive mood itself; rather, it 
triggers the depressive mood and subsequent neurological changes and results in psychological symptoms.12,15 

Apolipoprotein A-IV cannot cross the blood–brain barrier.14 Therefore, it could be inferred that the depressive mood 

Figure 3 Multiple reaction monitoring (MRM) analysis of candidate proteins. (a) Apolipoprotein A-IV levels are quantified using MRM and compared between patients with 
current depressive episodes (CDE) and three asymptomatic controls. (b) Fibronectin levels are quantified using MRM and compared between symptomatic and three 
asymptomatic controls. The scatter plot bar represents individual expression levels of two candidate biomarkers. The bar graph indicates mean with SD. *p < 0.05, **p < 0.01.
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state occurs due to neurological changes in the brain initiated by the deactivation of an apolipoprotein A-IV-mediated 
anti-inflammatory response in the blood. Decreased apolipoprotein A-IV expression, as a blood biomarker, thus has the 
potential to trigger neurological changes that cause psychotic symptoms by inducing an inflammatory response. The 
decrement of this anti-inflammatory protein is an interesting finding, given that the pro-inflammatory substances are 
generally similar in remission patients. Apolipoprotein A-IV is expected to be used as an objective biomarker to 
discriminate clinical depressive mood.

In addition, environmental risk factors such as stress are involved in the hypothalamic–pituitary–adrenal (HPA) axis 
that is hyperactivated in depression.2,16 Chronic stress can dysregulate the HPA axis and contribute to developing mood 
and cognitive disorders. Research has shown that individuals with mood and cognitive disorders have alterations in the 
HPA axis function, including the stimulated release of the stress hormone cortisol.1–3 Dysregulation of the HPA axis has 
been associated with a range of psychiatric disorders, including MDD, BD, anxiety, and ADHD. Interestingly, the 
previous report that apolipoprotein A-IV represses HPA suggests that lowered apolipoprotein A-IV may destroy the 
homeostasis of the brain system following depressive mood disorder.4 It has been reported that a decrease in apolipo
protein A-IV level in the blood is associated with several diseases, such as coronary artery disease and diabetes.13,17,18 

An association with the apolipoprotein family of proteins in depression has also been reported previously.19–21 However, 
to our best knowledge, there have been no reports of a decrease in serum apolipoprotein A-IV levels in patients with 
depressive mood, including MDD and BD, to date.

This study has some limitations. First, this study did not investigate the mechanism by which a deficiency in 
apolipoprotein A-IV could lead to psychotic symptoms, as it aimed to identify biomarkers for active clinical depressive 
mood. These mechanisms should be investigated further in the future. Second, although the extent of depressive mood in 
the healthy control group is evaluated based on the BDI score, which is the most widely used questionnaire for this 
purpose, and although the healthy controls were only included if their BDI score was <13, they were not evaluated by 
a psychiatrist. Thus, they may not have been truly normal healthy controls. However, the present study holds several 
strengths. First, the study’s findings with regards to apolipoprotein A-IV are unique and noteworthy. The decrease in 
apolipoprotein A-IV expression in CDE, as compared to RCM, RC, and HC, provides valuable insights into the potential 
role of this anti-inflammatory protein in depression in the inflammatory response and the neurological changes that cause 
a depressive mood state. The study’s investigation of the relationship between the inflammatory response and neurolo
gical changes contributing to a depressive mood state adds a new insight to our understanding of the underlying 
mechanisms of depression. Second, the study’s thorough consideration of various factors, such as chronic stress and 
the involvement of the HPA axis, in relation to depression helps in establishing a comprehensive framework for studying 
the complex interplay between biological and environmental factors in depressive mood disorders.

Conclusion
Apolipoprotein A-IV levels in the blood are decreased in patients with a CDE. This implies that apolipoprotein A-IV- 
mediated inflammation is involved in a clinical depressive mood, possibly by inducing neurological changes in the brain. 
Meanwhile, fibronectin levels are decreased and thus may be useful to determine whether the extent of depressive mood had 
a sufficiently low depressive mood score (close to 0) and whether the patient is at risk of a relapse. The findings of this study 
aims to contribute to the development of precise and reliable methods for diagnosing depression and to provide valuable 
insights into the biological mechanisms underlying current depressive episodes across various mood-related disorders. 
Ultimately, these findings may lead to improved treatments and personalized approaches for managing depression.

Abbreviations
BDI, Beck Depression Inventory; MDD, major depressive disorder; BD, bipolar disorder; ADHD, Attention deficit 
hyperactivity disorder; CDE, Clinical depressive episode; HC, Healthy controls; RCM, Remission controls with 
medication treatment; RC, Remission controls with no medication treatment; LC-MS/MS, liquid chromatography– 
tandem mass spectrometry; MRM, multiple reaction monitoring; sPLS-DA, Sparse partial least squares discriminant 
analysis; HPA, hypothalamic–pituitary–adrenal.
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