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Serum tumor necrosis factor-like weak inducer of
apoptosis levels are elevated in schizophrenia
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Objective: The purpose of this study was to assess serum Tumor necrosis factor-like weak inducer of
apoptosis (TWEAK) concentrations to determine whether changes in patients with schizophrenia could
have etiopathogenetic importance. Since very little research has addressed the connection between
the inflammatory marker TWEAK and schizophrenia, we wanted to examine alterations of TWEAK and
investigate the possible correlation between clinical symptomatology and serum concentrations.
Methods: A total of 45 schizophrenia patients and 40 healthy controls were included in this study. The
Positive Symptom Assessment scale and the Negative Symptom Assessment scale were admini-
stered to determine symptom severity. Venous blood samples were collected and serum TWEAK
levels were measured.
Results: Serum TWEAK levels were significantly higher in the schizophrenia group than the control
group, independently of potential confounders, including sex, age, body mass index and smoking status.
Conclusion: The results indicate that TWEAK is elevated in schizophrenia patients, which could
deepen our understanding of the role of inflammation in the pathogenesis of schizophrenia.
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Introduction

Schizophrenia, a chronic mental disorder affecting roughly
1% of the world population, is characterized by distortion of
thought, language, emotion, perception, and behavior.1,2 It
is a serious burden for the patient and causes significant
expense for society.3 Since the etiology of schizophrenia is
still unclear, most treatments have focused on symptom
reduction by blocking the dopamine system.4 Neverthe-
less, it is likely that a better understanding of the molecular
mechanisms underlying schizophrenia symptoms will be
necessary to enhance current drug treatments and deve-
lop new and effective therapies, as has recently been
emphasized.5

Over the previous few years, a number of clinical and
molecular studies have investigated the role of inflamma-
tory impairment in schizophrenia and how to target these
pathways as an add-on to current therapies.6-8 Schizo-
phrenia is associated with poor communication between
the central nervous system and the immune system.9

Numerous studies have discovered that blood levels of
inflammatory cytokines are increased in individuals with
schizophrenia.10,11 Among them, the cytokine tumor necro-
sis factor (TNF)-like weak inducer of apoptosis (TWEAK)
is a transmembrane protein belonging to the TNF ligand
family whose transcripts are found in many tissues,

including the brain.12 TWEAK can be released and act
as a soluble cytokine.13 The biological impact of TWEAK
includes tissue repair-related procedures, such as cell
proliferation, cell migration, and angiogenesis.14,15 TWEAK
reduces the shift from innate to adaptive T helper 1
immune response, suppressing pro-inflammatory cyto-
kines such as interleukin-12 and interferon-gamma and
counterbalancing TNF-alpha activity.16

Increased TWEAK concentrations have been corre-
lated with autoimmune diseases, such as systemic lupus
erythematosus, rheumatoid arthritis, and psoriasis.17-19

Studies have also shown that TWEAK contributes to
neurological conditions, such as multiple sclerosis,
Parkinson’s disease and experimental autoimmune ence-
phalitis.20-22 In addition, TWEAK has been studied in
connection with psychiatric disorders, such as major dep-
ression, bipolar disorder, cocaine dependence.23-26 To
the best of our knowledge, only one study has investi-
gated TWEAK levels in schizophrenia.27 Given the impor-
tance of neuroinflammation changes in schizophrenia,
biomarkers of persistent inflammation are needed, espe-
cially in view of therapeutics.

Thus, the present study aimed to determine whether
serum TWEAK could be a useful biomarker of neuroin-
flammation in patients with schizophrenia. In this context,
we examined alterations of the inflammatory marker
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TWEAK in schizophrenia and investigated possible
correlations between serum TWEAK concentrations and
clinical symptomatology.

Methods

Subjects

The sample consisted of 45 patients (12 women and
33 men) who were diagnosed with schizophrenia in
accordance with the DSM-IV-TR at the Department of
Psychiatry of the Suleyman Demirel University School of
Medicine. The schizophrenia diagnosis was based on one
senior psychiatrist’s ongoing clinical interviews. There
is significant heterogeneity in the existing research on
inflammatory cytokines in schizophrenia, such as the use
of patients in different phases of disorder (including those
who did not suffer from acute psychotic episodes).28 The
patients included in the present study had been using
antipsychotic drugs regularly for the past year. In addition,
patients who used only psychotropics were included.
The control group consisted of 40 healthy participants
(14 women and 26 men) matched by age and sex from
among the hospital staff who had no history of mental
disorder and were not on any medication. None of the
respondents had a history of serious physical illness,
including cardiac illness, chronic renal illness, cancer,
neurological disorders, chronic infections, or immunologi-
cal illnesses.

Clinical assessment

The Scale for the Assessment of Positive Symptoms
(SAPS) and the Scale for the Assessment of Negative
Symptoms (SANS) were used to evaluate schizophrenia
symptoms. Andreasen developed the SAPS to assess the
level, distribution, and severity of change in positive schi-
zophrenia symptoms and the SANS to assess the level,
distribution, and severity change in negative schizophre-
nia symptoms.29 Erkoç et al. studied the validity-reliability
of Turkish version of both scales.30,31

Determination of serum TWEAK levels

Venous blood specimens from the left forearm vein were
gathered between 8 am and 9 am after overnight fasting.
To remove the plasma, the blood samples were centri-
fuged for 10 minutes at 3,000 rpm at 4 oC. The serum
specimens were stored at -80 oC until analysis. An
Elabscience Instant ELISA kit (E-EL-H3651) was used
according to manufacturer instructions to measure serum
TWEAK concentrations. Serum TWEAK levels were
recorded in pg/mL.

Statistical analysis

The data were analyzed in SPSS version 20. The Kolmo-
gorov-Smirnov test was used to determine whether the
variables were normally distributed. The data are shown
as mean and standard deviation and were evaluated
using descriptive analysis. Relationships between

categorical data were evaluated with the chi-square test.
The psychological outcomes and biochemical parameters
of the patient and control groups were compared with
Student’s t-test or the Mann-Whitney U test according to
distribution. To analyze the correlations between clinical
features and serum TWEAK levels, the Spearman rank
correlation coefficient was used. TWEAK levels were
log-transformed and used in analysis of covariance
(ANCOVA) to compare between-group mean differences,
using age, sex, body mass index (BMI) and smoking
status as covariate factors. P-values o 0.05 (two-tailed)
were considered significant.

Ethics statement

All participants provided written informed consent prior
to participation. The study was conducted according to
Helsinki Declaration principles and was approved by the
local ethics committee.

Results

The study group included 45 patients (12 women and
33 men) with a mean age of 37.469.8 years, while the
control group (n=40) included 14 women and 26 men with
a mean age of 37.966.9 years. There were no significant
age and sex differences between patients with schizo-
phrenia and healthy controls. Smoking rates were 68.9%
(n=31) in the schizophrenia group and 42.5% (n=17) in
the control group, a significant difference (w2 = 5.999,
p = 0.014). There was also a statistically significant
difference between the groups for BMI (29.866.2 in
the patient group, and 25.863.5 in the control group)
(p o 0.001). Table 1 summarizes the demographic
characteristics of the participants and the clinical informa-
tion of the patient group. Mean illness duration was
13.169.7 years in the schizophrenia patients. The mean
SANS and SAPS scores were 49.4628.6 and 22.6624.0,
respectively, in the patient group. The patients were on the
following antipsychotic drug regimens: single antipsychotic
(n=18), multiple antipsychotics (n=17), and oral or depot
atypical antipsychotics (n=10). The mean duration of medi-
cation use in the patient group was 10.667.6 years.
Thirteen patients had attempted suicide (28.9%).

The mean serum TWEAK levels were 2.3461.00 pg/
mL in the schizophrenia group and 2.0060.74 pg/mL in
the control group. Serum TWEAK levels were significantly
higher in the schizophrenia group than the control group
(z = -2.316, p = 0.021). In ANCOVA, the difference in
TWEAK levels remained significant even after controlling
for age, sex, BMI and smoking status (F1,79 = 5.171,
Zp
2 = 0.061, p = 0.026) (Table 1). In addition, correlations

were calculated between serum TWEAK concentrations
and age, BMI, illness duration, and clinical variables,
such as SAPS and SANS scores. There was no signifi-
cant correlation between serum TWEAK concentrations,
total SAPS and SANS scores, and other parameters
(p 4 0.05). We also tested TWEAK levels separately for
male and female patients and male and female controls,
and no difference was found (z = -1.817, p = 0.069 for
male; z = -1.389, p = 0.176 for female).
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Discussion

To the best of our knowledge, this is the second study to
have been conducted on TWEAK levels in patients with
schizophrenia. The major finding of our study is that
serum TWEAK levels were significantly higher in patients
with schizophrenia than in controls. In ANCOVA, the
difference in TWEAK levels remained significant even
after controlling for age, sex, BMI, and smoking status.
However, there was no significant correlation between
serum TWEAK concentrations and the severity of schizo-
phrenia symptoms. These findings suggest that serum
TWEAK concentrations may be related to schizophrenia
etiopathogenesis, regardless of symptom severity.

In recent years, literature on the relationship between
inflammatory cytokines and schizophrenia has been
expanding. High concentrations of several types of inflam-
matory mediators have been found in the serum of
schizophrenia patients, such as IL-1, IL-1b, IL-6, and
TNF-a,10,11 and neuroinflammation may contribute to the
pathogenesis of schizophrenia.32 TWEAK, another cyto-
kine, is a transmembrane protein belonging to the TNF
ligand family whose transcripts are present in many
tissues, including the brain.33 To date, circulating TWEAK
concentrations have only been investigated in mental
disorders such as major depression, bipolar disorder and
crack cocaine dependence.23-26 The major depression
study found that serum TWEAK levels were lower in both
unmedicated and medicated depression patients than
healthy controls.26 Regarding bipolar disorder, Barbosa
et al.23 found a link between higher TWEAK concentra-
tions and bipolar disorder, concluding that TWEAK
may play a role in the pathophysiology of bipolar disor-
der. However, Cingi et al.,24 reported significantly lower
TWEAK concentrations in bipolar disorder patients in both
a manic episode and a remission group than in controls.
The authors pointed out that TWEAK-related immune
response might be impaired in bipolar disorder, and this
impairment seems not to be related to manic episodes.

Only one study has investigated TWEAK levels in
schizophrenia.27 Unlike in our study, Tatlidil Yaylaci

et al.27 found no significant differences in serum TWEAK
levels in patients with schizophrenia compared to healthy
controls, although they found that TWEAK levels in male
patients were significantly lower than in male controls.
It is stated in the literature that some confounding fac-
tors, such as age, smoking, BMI, and gender, may affect
the inflammatory system.34-36 In our study, ANCOVA
revealed higher serum TWEAK levels in schizophrenia
patients, independently of confounding factors such as
age, sex, BMI and smoking status. The high TWEAK levels
found in schizophrenia patients suggest that TWEAK may
play an important role in the etiology of schizophrenia.
Thus, it is a significant finding that patients with schizo-
phrenia had higher serum TWEAK concentrations than
controls.

We analyzed the relationship between TWEAK serum
levels and SANS and SAPS scores and found no cor-
relation between them and, thus, symptom severity. Our
results are congruent with the aforementioned schizo-
phrenia study, which also found no correlation between
TWEAK levels and symptom severity. Although we found
no correlation between TWEAK, which is a proinflamma-
tory cytokine, and schizophrenia symptoms, a recent
meta-analysis indicated that the severity of psychotic
symptoms was associated with cytokine abnormalities,
especially pro-inflammatory cytokine levels.37 Therefore,
the correlation between TWEAK concentrations and symp-
tom severity should be clarified in future research.

Moreover, other studies have indicated that TWEAK
may play a part in regulating the permeability of the blood-
brain barrier (BBB).38,39 The BBB is a physical and
metabolic membrane separating the central nervous sys-
tem from the circulatory system. Increased permeability of
the BBB is an early and critical event in the development
and evolution of inflammatory brain diseases.40 It is well
known that TWEAK targets endothelial cells and astro-
cytes, which are two of the main cellular components of
the BBB.41 It has also been shown that TWEAK dis-
rupts the architecture of the BBB when injected into
mice brains.42 The pro-inflammatory activities of TWEAK
tend alter BBB permeability by promoting cytokine

Table 1 Demographic and clinical characteristics of patients with schizophrenia and controls

Schizophrenia (n=45) Controls (n=40) t/z/w2 p-value

Age (years) 37.469.8 37.966.9 -0.224* 0.823
Sex (male/female) 33/12 26/14 0.693w 0.405
Smoking (smoker/nonsmoker) 31/14 17/23 5.999w 0.014
BMI 29.866.2 25.863.5 3.684w o 0.001
TWEAK (pg/mL)= 2.3461.00 2.0060.74 -2.316y 0.021

History of suicide attempt (yes/no) 13/32
Duration of illness (years) 13.169.7
Duration of drug use (years) 10.667.6
Number of hospitalizations 2.162.4
SAPS 22.6624.0
SANS 49.4628.6

BMI = body mass index; SANS = Scale for the Assessment of Negative Symptoms; SAPS = Scale for the Assessment of Positive Symptoms.
*Student’s t-test.
wChi-square test.
= Log-transformed variables, analysis of covariance was used after adjustment for age, sex, BMI and smoking status percentile for
comparisons between two groups (F1,79 = 5.171, p = 0.026, Zp

2 = 0.061).
yMann-Whitney U test.
Bold type denotes statistical significance.
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secretion.38,39 Considering the increased permeability of
the BBB in schizophrenia,43,44 our finding of increased
TWEAK levels in schizophrenia patients is quite interest-
ing. We suggest that high TWEAK levels may contribute
to the etiopathogenesis of schizophrenia by disrupting
the BBB.

The empirical results reported herein should be
considered in light of some strengths and limitations.
The exclusion of patients with medical conditions, such as
major physical/neurological/metabolic/inflammatory dis-
eases, as well as controlling for confounding factors, such
as age, sex, BMI and smoking status, can be considered
as strengths. However, the study had several limitations.
First, its cross-sectional design precludes inferences about
causation. Second, the sample size was relatively small,
and our findings may not be generalizable to a broader
community. It has been found that certain antipsycho-
tics may have immunosuppressive effects and can alter
cytokine levels.45 Our schizophrenia group used different
types of antipsychotic drugs; it would have been safer if a
more homogenized sample had been used to avoid the
conflicting effects of these drugs. Preclinical data show that
gut dysbiosis/permeability is linked to increased TWEAK
levels,46 and the gut has been associated with stress-
linked symptoms of schizophrenia.47 Studies have also
shown that gut permeability markers are linked to psychia-
tric disorders.48,49 Thus, a further limitation in our study
was that we did not evaluate gut dysbiosis/permeability,
which could have affected TWEAK levels. This could be a
relevant confounding factor that should be considered in
future research. Finally, we did not look for other anti-
inflammatory markers in addition to TWEAK.

Elevated concentrations of serum TWEAK could sug-
gest inflammation, proapoptotic activation, or impaired
neurodegeneration in patients with schizophrenia. Given
its detectable serum concentration, TWEAK could be a
biomarker for schizophrenia and it should be assessed in
a cohort study and/or clinical trials.
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20 Desplat-Jégo S, Varriale S, Creidy R, Terra R, Bernard D, Khrest-
chatisky M, et al. TWEAK is expressed by glial cells, induces astro-
cyte proliferation and increases EAE severity. J Neuroimmunol.
2002;133:116-23.

21 Desplat-Jego S, Feuillet L, Creidy R, Malikova I, Rance R,
Khrestchatisky M, et al. TWEAK is expressed at the cell surface of
monocytes during multiple sclerosis. J Leukoc Biol. 2008;85:132-5.

22 Mustafa S, Martin HL, Burkly L, Costa A, Martins ML, Schwaninger
M, et al. The role of TWEAK/Fn14 signaling in the MPTP-model of
Parkinson’s disease. Neuroscience. 2016;319:116-22.

23 Barbosa IG, Vaz GN, Rocha NP, Machado-Vieira R, Ventura MR,
Huguet RB, et al. Plasma levels of tumor necrosis factor superfamily
molecules are ıncreased in bipolar disorder. Clin Psychopharmacol
Neurosci. 2017;15:269-75.
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48 Kılıç F, Işık Ü, Demirdaş A, Doğuç DK, Bozkurt M. Serum zonulin
and claudin-5 levels in patients with bipolar disorder. J Affect Disord.
2020;266:37-42.
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