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SUMMARY 
Background: A low-grade inflammation is presumed to be related to the etiopathogenesis of major depressive disorder (MDD) 

and bipolar disorder. Tumor necrosis factor (TNF) superfamily members have roles in the pathogenesis of neuropsychiatric dis-
orders because of the relationship with inflammation and neurogenesis. The aim of this study was to investigate the serum TNF-
related weak inducer of apoptosis (TWEAK) and TNF-related apoptosis-inducing ligand (TRAIL) levels in patients with bipolar 
depression (BD), MDD and a healthy control (HC) group to determine any differences between MDD and BD in terms of inflam-
mation biomarkers. 

Subjects and methods: After a 12-hour overnight fast, 5 milliliter (mL) samples of fasting blood were obtained from the 
participants. The TWEAK and TRAIL plasma levels were calculated using ELISA kits.  

Results: The TWEAK levels were found to be higher in the BD group than in the HC group (p=0.03). No statistically significant 
differences were determined between the BD vs MDD and MDD vs HC groups (p=0.17, p=0.37, respectively). There were no 
statistically significant differences between the three groups (BD vs HC; BD vs MDD; MDD vs HC) in terms of TRAIL levels 
(p=0.21). 

Conclusion: To the best of our knowledge, this study is the first to have explored TWEAK levels in patients with BD. The higher 
TWEAK levels in BD than in the control group is compatible with the inflammation hypothesis of BD. Limitations of the study were 
the differences in medications of the patient groups and that it was a cross-sectional study. There is a need for further longitudinal 
studies with larger sample size and medication-free patients. 
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*  *  *  *  *  

INTRODUCTION 

Bipolar Disorder has a course of recurrent manic 

and depressive episodes, characterized by fluctuations 

in mood states and energy levels (Grande et al. 2016). 

Recent studies have shown that inflammatory abnor-

malities may have a role in the pathophysiology of this 

condition, just as many studies have shown elevated 

levels of proinflammatory cytokines in patients with 

bipolar disorder (Muneer 2016, Bai et al. 2014, Kim et 

al. 2007). Of these cytokines, the most consistent 

evidence has been of elevated levels of tumor necrosis 

factor  (TNF- 008, 

Drexhage et al. 2010, Goldstein et al. 2009). As recent 

studies have shown associations between inflammatory 

markers and affective indications in patients with 

bipolar disorder (Hamdani et al. 2012), such as pla-

telet-to-lymphocyte ratio was regard as an independent 

predictor of manic episode (Fusar-Poli et al. 2021). 

This evidence has shifted attention to the TNF super-

family (TNFSF) in the pathophysiology of bipolar 

disorder (Barbosa et al. 2017).  

Increased pro-inflammatory agents, such as TNF, 

may exemplify low-grade inflammation in major 

depressive disorder (MDD), which is similar to bipolar 

disorder (Kopschina et al. 2017). According to the 

inflammation hypothesis, patients with MDD have 

increased levels of pro-inflammatory cytokines, such 

as TNF- (Schmidt et al. 2019). Although there are 

similarities between these disorders in terms of the 

inflammation process, there are also differences 

(Brunoni et al. 2020).  

TNF-related weak inducer of apoptosis (TWEAK) 

is a cytokine that belongs to TNFSF and has been 

reported in many tissues including the brain (Kop-

schina et al. 2017). TWEAK has also been shown to 

have long range effects as a secreted cytokine and to 

be able to induce interleukin-8 (IL-8), IL-12 and inter-

feron-gamma synthesis (Chicheportiche et al. 1997, 

Maecker et al. 2005). TWEAK levels have a positive 
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correlation with TNF-

et al. 2017). Recent studies have shown TWEAK and 

its cell surface receptor fibroblast growth factor-

inducible 14 (Fn14) expressed in astrocytes, microglia 

and neurons with a subsequent increase in the per-

meability of the blood brain barrier (Yepes 2007). 

Monocytes/macrophages release TWEAK, and TWEAK 

and its receptor indicate inflammatory tissue injury in 

multiple sclerosis (Campbell et al. 2004, Serafini et al. 

2008).  

TNF-related apoptosis-inducing ligand (TRAIL) is 

a member of TNFSF and an apoptosis inducer (Jouan-

Lanhouet et al. 2012), which has also been shown to 

have immunosuppressive and immunoregulatory effects 

(Falschlehner et al. 2009). The TRAIL receptor system 

also plays a role in various autoimmune diseases. 

TRAIL blockage has been reported to cause a higher 

degree of inflammation in the central nervous system 

in an experimental multiple sclerosis model (Cretney 

et al. 2005). In another study with an experimental 

diabetes model, TRAIL blockage increased the degree 

of autoimmune inflammation in both pancreatic island 

cells and salivary glands (Lamhamedi-Cherradi et al. 

2003). Furthermore, TRAIL may be important in 

adjusting the outcomes of immune diseases, based on 

i In 

previous studies, TWEAK and TRAIL levels were 

examined in patients with bipolar disorder in a manic 

and depressive episode and patients with schizophrenia 

(Yirun et al. 2017   

Therefore, in the light of the findings from pre-

vious studies, due to the consistent association bet-

ween TNF-

disorder, TWEAK and TRAIL levels have been found 

worthy of the investigation for these diseases. 

This study investigated whether TWEAK and 

TRAIL might be helpful in explaining underlying 

biological differences such as inflammation processes 

in MDD and bipolar disorder depressive episode (BD). 

The aim of our study was to evaluate levels of 

TWEAK and TRAIL in patients with BD and MDD 

compared to a healthy control group to determine 

whether or not there were any differences between 

MDD and BD in terms of TWEAK and TRAIL levels. 

 

SUBJECTS AND METHODS 

Method 

The study consecutively enrolled 31 patients with 

BD and 25 patients with MDD who were being 

followed up at the University of Health Science Ankara 

Numune Training and Research Hospital. The diagnosis 

was confirmed by two experienced clinicians according 

to the Diagnostic and Statistical Manual of Mental 

Disorders, 5th edition. Patients with bipolar depression 

or major depression between the ages of 18-65 who 

applied to the outpatient clinic of the hospital were 

included in the study. The control group comprised 

healthy individuals who were applying to other de-

partments of the hospital with no psychiatric or neuro-

logical disease and was age and gender-matched to the 

patient groups. Patients were excluded from the study if 

they had any chronic inflammatory diseases, hyper-

tension, obesity, autoimmune disorders, mental retarda-

tion, pregnancy, cardiovascular disease, malignancy, 

metabolic syndrome, diabetes mellitus, alcohol or sub-

stance abuse, or use of immunosuppressive agents. 

Approval for the study was granted by the Ethics 

Committee of the University of Health Science Ankara 

Numune Training and Research Hospital (number: E17-

1629; date: 22.11.2017). Informed consent was obtained 

from all the study participants.  

 

Blood Sampling  

After a 12-hour overnight fast, five milliliter (mL) 

samples of fasting blood were obtained from the 

participants. Blood samples were isolated from sera 

within 30 to 60 minutes of collection and stored at -

Hamilton Depression Rating Scale (HAM-D) was 

applied to each patient to evaluate the severity of 

depression in the patients with depression. Turkish 

validity and reliability studies of this scale were made 

by Akdemir et al. (Hamilton 1960, Akdemir et al. 1996). 

 

TWEAK and TRAIL Analysis 

Enzyme-linked immunosorbent assay (ELISA) kits 

(Invitrogen, Thermo Fisher Scientific Inc. Bender 

MedSystems GmbH Campus Vienna Biocenter 2, 

1030, Austria. REF No: BMS2006INST, LOT No: 

150748041) were used to determine the levels of 

serum TWEAK. The measurement range was 46.88-

3000 pg/mL. Sensitivity was 40 pg/mL and the in-

work CV% values were <10%, and CV% values in 

between the runs were <12%. 

Enzyme-linked immunosorbent assay (ELISA) kits 

(Invitrogen, Thermo Fisher Scientific Inc. Bender 

MedSystems GmbH Campus Vienna Biocenter 2, 

1030, Austria. REF No: BMS2004, LOT No: 

166991018) were used to determine levels of serum 

TRAIL. The measurement range was 15.6-1000 pg/mL. 

Sensitivity was 5 pg/mL and the in-work CV% values 

were <6.5%, and CV% values in between the runs 

were <7.7%. 

 

Statistical Analysis  

SPSS version 21.0 software (SPSS, Chicago, IL, 

USA) was used for statistical analysis. The Kolmo-

gorov Smirnov test was used to assess conformity of 

the data to normal distribution. The Chi-square and 

Kruskal Wallis tests were used to compare grouped data 

and numerical data respectively in the three groups. To 
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determine two-way comparisons between groups the 

Mann Whitney U test with Bonferroni correction was 

applied. The level of significance was set at 

p =0.05/3 Whitney U test with 

Bonferroni correction and at p
comparisons. 

 

RESULTS 

Evaluation was made of 31 patients with BD, 25 

patients with MDD and 32 HC subjects. There were no 

differences between the three groups in terms of age and 

gender (p=0.577, p=0.762, respectively). There were no 

statistically significant differences between BD and 

MDD in terms of HAM-D rating score and duration of 

disease (p=0.912, p=0.785, respectively) (Table 1). 

TWEAK levels were found to be higher in the BD 

group than in the HC group (p=0.026). There were no 

statistically significant differences between the BD vs 

MDD and MDD vs HC groups (p=0.171, p=0.368, 

respectively). There were no statistically significant 

differences between the three groups (BD vs HC; BD vs 

MDD; MDD vs HC) in terms of TRAIL levels 

(p=0.206) (Table 2).  

No statistically significant differences were deter-

mined between the three groups (BD vs HC; BD vs 

MDD; MDD vs HC) in terms of C-reactive protein 

(CRP) levels (p=0.21, p=0.45, p=0.74, respectively). 

 

HAM-D correlations 

There was no correlation between TWEAK levels, 

TRAIL levels, and HAM- D total score in patients with 

BD (rho: 0.14, p=0.31; rho: -0.14, p=0.31, respectively). 

There was no correlation between TWEAK levels, 

TRAIL levels, and HAM- D total score in patients with 

MDD (rho: 0.02, p=0.93; rho: -0.13, p=0.54, respec-

tively). 

 
Table 1. Comparison of the sociodemographic and clinical data between BD, MDD and HC groups 

Study Parameter 
BD group 

(n: 31) 

MDD group 

(n: 25) 

HC group 

(n: 32) 
Test statistics p 

Age (years) 37.8  10.4 41.4 13.6 40.0 11.46 F: 0.554 0.577 

Gender (female) 58.1% 68.2% 58.6% 2:0.544 0.762 

Hamilton Depression 

Rating Score 

Median 26 

(min 20 - max 58) 

Median 27 

(min 19 - max 53) 
- Z: 0.108 0.912 

Duration of disorder 

(years) 

Median 5 

(min 2 - max 18) 

Median 4 

(min 4 - max 22) 
- Z:0.273 0.785 

Number of 

hospitalizations 

Median 2 

(min 0 - max 8) 
- - - - 

Depressive episodes Median 2 

(min 1 - max 6) 

Median 2 

(min 1 - max 3) 
- Z:0.731 0.482 

Manic episodes Median 1 

(min 1 - max 5) 
- - - - 

Note: ANOVA, Chi-Square and Mann-Whitney U tests used for analysis;   BD: bipolar depression;  

MDD: major depressive disorder;   HC: healthy control group 

 
Table 2. Comparison of TWEAK, TRAIL levels and TWEAK/TRAIL ratio between the BD, MDD and HC groups 

Study Parameter 
BD group 

(n: 31) 

MDD group 

(n: 25) 

HC group 

(n: 32) 
KW p p1* p2* p3* 

TWEAK 

Ave  SD 696.81 461.41 556.78 234.04 502.80 191.52 

3.867 0.15 0.03 0.17 0.37 Median 

(Q1-Q3) 

591.10 

(472.90-769.20) 

506.10 

(411.15-657.90) 

502.80 

(460.83-646.28) 

TRAIL 

Ave  SD 31.21 15.12 27.23 13.56 44.28 88.94 

3.158 0.21 0.07 0.3 0.50 Median 

(Q1-Q3) 

26.40 

(23.40-31.20) 

24.60 

(21.10-26.40) 

25.20 

(23.40-28.20) 

CRP 

Ave  SD 2.03 1.71 2.12 1.93 

4.046 0.13 0.21 0.45 0.74 Median 

(Q1-Q3) 

2.01 

(1.63-4.20) 

2.16 

(1.10-4.10) 

1.20 

(1.00-3.25) 

Note: KW: Kruskal-Wallis;   SD: Standard Deviation;   BD: bipolar depression,   MDD: major depressive disorder,  

HC: healthy control group;   CRP: C reactive protein.   *Two-way comparisons of groups. P1: BD vs HC. P2: BD vs MDD. P3: 

MDD vs HC.   Bold values are statistically significant findings. 

Power analysis made with GPower 3.1 software (Dusseldorf, Germany)  et al. (2017) 

with 95% power and alpha: 0.05 it was calculated that the number of patients to be included in each group was at least 10. 
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DISCUSSION 

To the best of our knowledge, this is the first study 

to have investigated TWEAK and TRAIL levels in 

patients with BD. The aim of this study was to 

compare the TWEAK and TRAIL levels between the 

BD, MDD and HC groups. The principal findings of 

this study were as follows: (i) the patients with BD had 

higher TWEAK levels than HC subjects; (ii) TWEAK 

levels and TRAIL levels had no correlation with 

HAM-D scores in BD and MDD; (iii) there was no 

difference between BD, MDD and HC in terms of 

TRAIL levels. 

TWEAK plays a significant role in neuroinflam-

mation by increasing the secretion and expression of 

many proinflammatory cytokines, such as IL-6, and 

Prostaglandin E2 (PGE2) (Saas et al 2000, Wiley et al. 

2003). It is thought that BD could cause deterioration 

in inflammatory processes similar to depression. For 

example, IL-2, which is known to be a proin-

flammatory cytokine, showed an increase in patients 

with BD (Bai et al. 2014). There are a few studies in 

the literature which have investigated TWEAK levels 

in several neuropsychiatric conditions, although the 

results are different from those of the current study. In 

particular, one study which was conducted to in-

vestigate the differences in TWEAK levels between 

schizophrenia and HC subjects reported no difference 

between patients with schizophrenia and the healthy 

control group in terms of TWEAK levels. There was 

also reported to be no significant correlation between 

TWEAK level and The Positive and Negative Syn-

drome Scale 

et al. 2015).  

A recent study examining TWEAK and TRAIL 

levels in patients with bipolar disorder in remission 

periods and manic episodes showed that TWEAK 

levels were lower in patients with bipolar disorder 

compared to a control group (Yirun et al. 2017). The 

result of that study was explained by the deterioration 

of the TWEAK proinflammatory suppression me-

chanism in bipolar disorder. Barbosa et al., however, 

found contrasting results in their studies. When bipolar 

disorder-1 patients and healthy control subjects were 

compared, TWEAK levels were found to be increased 

in bipolar disorder compared to the control group 

(Barbosa et al. 2017). The results of the current study 

were consistent with those of the Barbosa et al. study.  

However, in the current study there was no 

evidence of a correlation between TWEAK levels and 

HAM-D scores in BD and MDD. There were no 

statistically significant differences between the MDD 

and BD groups in respect of age, gender, duration of 

disease, HAM-D scores, or the levels of TWEAK and 

TRAIL but the TWEAK levels in BD were found to be 

higher than those of the HC group. This result could be 

attributed to the small sample size. Another reason for 

the lack of difference in TWEAK level between BD 

and MDD was that characteristics such as body mass 

index (BMI), waist circumference and dietary habits 

were not taken into consideration, but these could have 

affected the inflammatory process. Mood stabilizer 

drugs and antipsychotic drugs used by bipolar de-

pression patients may have also affected the TWEAK 

level, as it is known that antidepressant medication can 

affect levels of inflammation, especially selective 

serotonin reuptake inhibitors (Vogelzangs et al. 2012, 

Miller et al. 2009). The MDD group in the current 

study was also receiving antidepressant therapy. There 

were no differences in TWEAK levels between the 

medicated and unmedicated patients with depression 

and no significant difference was seen between 

patients who were using valproate sodium and lithium 

(Kopschina et al. 2017, Yirun et al. 2017).  

Neuroinflammation is a major factor contributing 

to the etiopathogenesis of neurodegeneration and de-

pression (Hurley & Tizabi 2013). For example, mul-

tiple sclerosis (MS) is thought to be a neurode-

generative disorder. Both MS and depression are 

thought to have impaired neurodegenerative and 

inflammatory processes. In a previous study of MS 

patients, the TWEAK level was found to be higher 

than that of healthy control subjects and the high level 

of soluble serum TWEAK was associated with neuro-

inflammation in MS (Serafini et al. 2008). Previous 

studies have suggested that TRAIL may be a possible 

biomarker for neurocognitive impairment and de-

pression (Tisato et al. 2016). TNF-

inflammatory process and increased TNF-

associated with impairment in executive functions of 

psychiatric disorders (Barbosa et al. 2012). Cognitive 

impairment and loss of functionality are more severe 

in bipolar disorder compared to MDD (Borkowska & 

Rybakowskib 2001). We claimed that there might be a 

difference in terms of TRAIL levels between MDD 

and BD. 

In the current study, no difference was determined 

between the BD, MDD and HC groups in respect of 

the levels of TRAIL, which participates in tumor 

al. 2015). A previous study which evaluated TRAIL 

levels in bipolar disorder showed no difference 

between bipolar disorder and a control group in terms 

of TRAIL (10). Another study evaluating TRAIL 

levels in BD found no difference between bipolar 

disorder (both mania and depression groups) and the 

control group, and the TRAIL level was not found to 

be affected by a variety of mood stabilizer drugs 

(Yirun et al. 2017). TRAIL was reported to have a 

positive correlation with TWEAK, and the TWEAK 

and TRAIL levels were associated with the severity of 

study, no correlation was determined between TWEAK 

and TRAIL.  
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Limitations 

There were some limitations to this study, primarily 

the cross-sectional design. A longitudinal study would 

enable a better understanding of the inflammation pro-

cess in depression. Another limitation was that some 

confounders had to be excluded, such as dietary habits, 

smoking, exercise, and alcohol consumption. The most 

important limitation was that the patient group was 

using antipsychotic, antidepressant and/or mood stabi-

lizer drugs. TNF-alpha was not measured in the study, 

but the CRP level was measured, and no difference was 

found between the three groups. 

 

CONCLUSION  

To the best of our knowledge this study is the first to 

have investigated levels of TWEAK and TRAIL in BD. 

The results showed that TWEAK levels were increased 

in BD compared to the HC group and there were no 

statistically significant differences between the BD and 

HC groups in terms of TRAIL levels. These results 

might contribute to the previous study which suggested 

that TNF- neficial in depression 

(Guloksuz et al. 2013). Nevertheless, further studies are 

needed, which should include unmedicated patients to 

provide more definitive results. 
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