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Exploring the potential of tubulin-associated unit protein as a
biomarker for schizophrenia
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Abstract

Introduction: Schizophrenia is a
chronic and debilitating psychiatric
disease characterized by various causes
and symptoms. The tau protein is
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without the disorder.

to evaluate the diagnostic potential of measuring serum levels of total tau and phosphorylated tau
in patients with schizophrenia.

Methods: A total of 40 patients with schizophrenia who met the inclusion criteria were selected,
along with 40 age- and sex-matched healthy individuals. Written consent was obtained from all
participants, and blood samples were collected to measure the serum levels of total tau protein and
phosphorylated tau. The obtained data were analyzed using appropriate statistical methods with

Results: There was no statistically significant disparity detected in the serum concentrations of
total and phosphorylated tau protein when comparing individuals with schizophrenia to those

Conclusion: Based on the results obtained, it can be concluded that total tau protein and
phosphorylated tau cannot be considered as diagnostic biomarkers for schizophrenia. Furthermore,
the findings of this study do not support the presence of neuroanalysis in schizophrenia.

Introduction

Schizophrenia is a major psychiatric disorder that places a
significant burden on society, affecting approximately 1%
of the global population.'! The disorder is characterized
by three classes of symptoms: positive symptoms (such
as delusions and hallucinations), negative symptoms
(including social isolation and decreased productivity),
and cognitive impairment symptoms. Numerous studies
have found similarities in cognitive impairments between
patients with schizophrenia and those with dementia
caused by Alzheimer's disease (AD). These studies have
shown that hospitalized patients with schizophrenia
consistently score lower on cognitive tests (such as the
MMSE) compared to control groups, and this decline in

scores tends to worsen with age. These findings have led to
the hypothesis that the development of neurodegenerative
diseases, particularly Alzheimer’s, as patients age may
partially contribute to the observed reduction in MMSE
scores.? It is well-established that in AD and related
neurodegenerative disorders, a protein called tau forms
insoluble filaments known as neurofibrillary tangles. Tau
is a phosphoprotein primarily found in the axons of nerve
cells, where its main function is to stabilize microtubule
proteins.* Tau has six major isoforms that are expressed
in adult nerve cells. Analysis of the protein's structure
has revealed a microtubule-binding domain located at
the carboxyl terminus, which consists of repetitive motifs
that are fully conserved.* This region, rich in basic amino
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acids, plays a crucial role in the formation of tau protein
accumulations and the development of intertwined
filamentous structures known as PHF. Furthermore,
this region is also implicated in the pathology of AD.
Tau protein binding to microtubular proteins through
phosphorylation/dephosphorylation processes is
regulated by specific kinases and phosphatases.” Abnormal
phosphorylation of tau protein in AD leads to the
formation of neurofibrillary tangles, indicating the extent
of neurofibrillary damage and nerve degeneration.®” The
volume of these aggregated clumps directly correlates
with clinical symptoms, and their deposition sites align
with neurological defects in different areas.*® Psychotic
symptoms have been reported in a significant number of
Alzheimer's patients, and these symptoms can exacerbate
cognitive complications. The heritability of psychosis
in these patients is reported to be 30%.'° Studies have
shown an increase in Tau protein and amyloid beta
in Alzheimer's patients with psychosis, suggesting an
acceleration of neurodegenerative processes."" Moreover,
the concentration of phosphorylated tau (p-tau) in the
lateral prefrontal cortex (DLPFC) of Alzheimer's patients
increases with psychosis, which is potentially a sign of
increased kinase activity resulting in tau phosphorylation.

Despite the importance of schizophrenia, there is
currently no specific test or biomarker available for its
diagnosis. Early detection and treatment of schizophrenia
are crucial in reducing the burden of the disease.'? Finding
biomarkers for psychiatric disorders like schizophrenia
could lead to more effective treatments and early
diagnosis, opening new avenues for preventive and
therapeutic approaches.

While there have been studies on the role of tau
in dementia, few studies have investigated its role in
schizophrenia. In this study, we aimed to assess the levels
of tau and phosphorylated tau proteins in the serum of
patients with recent-onset schizophrenia compared to
a control group. This research aims to contribute to the
development of new tools for the accurate diagnosis of
schizophrenia.

Materials and Methods

The serum samples of 40 patients with schizophrenia
and 40 healthy subjects were obtained from the Azeri
Recent Onset/Acute phase psychosis Survey (ARAS)
Cohort study. Patients with schizophrenia met the
DSM-V diagnostic criteria and were diagnosed through
SCID interviews and hospitalized in Razi Hospital, Tabriz
University of Medical Sciences.

Cases of acute psychosis, substance-induced psychosis,
and mood psychosis were excluded. Participants in the
control group were selected through calls sent to local
healthcare centers and universities and Razi Hospital in
Tabriz, considering their age and sex. The sample size
was estimated to be 40 people after applying the inclusion

and exclusion criteria by the available sampling method.
The control group was matched to the same number of 40
individuals simultaneously, considering age and gender
characteristics. Based on the study by Demirel et al,"
with serum levels of tau and p-tau as primary outcomes,
an alpha level of 0.05, and a power of 90%, the required
sample size was calculated to be 13 patients per group
to detect a mean between-group difference of 93.73
points in p-tau levels. This number was determined to
be 17 patients for a 149.90-point mean between-group
differences for tau levels. Considering a 15% possibility of
dropout, a higher sample size of 20 patients per group was
recruited for this trial.

Healthy individuals were selected through standard
questionnaires, in addition to a clinical interview and
detailed history-taking regarding psychiatric diseases,
substance use, and other disorders.” The inclusion criteria
for schizophrenia patients were a definitive diagnosis
of schizophrenia based on interviews and psychiatric
examinations by two assistants and a relevant professor,
according to DSM-V criteria and the standard SCID
questionnaire. Patients of both genders between the ages
of 18-45 were included in the study with their consent.

The exclusion criteria for schizophrenia patients
included mood psychosis caused by substances,
decomposition disorders, physical diseases, cognitive
diseases, and mental retardation. Patients with a history
of drug or alcohol use and dependence, as well as those
with any infectious or chronic rheumatic disease, were
also excluded from the study.

Methods
The present study was non-interventional, and the
patients were not deprived of any treatment. The PANSS
is a 30-item scale that assesses positive, negative, and
general psychopathology symptoms in patients with
schizophrenia. Each item is rated on a 7-point scale,
with higher scores indicating more severe symptoms.
The PANSS has been shown to have good reliability and
validity in measuring symptoms of schizophrenia.
Patients and the control group were invited to Razi
Hospital in Tabriz for sampling. A blood sample of
2 cc was collected through sterile venipuncture and
transferred to a Falcon tube containing 5% EDTA. This
sample was then centrifuged at 23 °C for 10 minutes at
1300 rpm. After centrifugation and plasma separation, the
sample was subjected to Enzyme-linked immunosorbent
assay (ELISA) to measure the serum level of total and
phosphorylated tau protein. It is important to note that
the samples were stored at -80 °C until the tests were
performed. To detect tau protein in the blood samples,
an ELISA test was performed by Crystal Day Biotech Co.
ELISA kit according to manufacturer protocol.

Statistical analysis
Statistical analysis was conducted using IBM SPSS
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Statistics 23.0 software. GraphPad Prism version 6.00
software was utilized to generate the graphs. Kolmogorov-
Smirnov tests were used to assess the normal distribution
of the data. Data are expressed as frequency, median
(minimum-maximum), and mean +standard deviation.
To compare total and phosphorylated tau protein in
two groups, a t-test was used to model data and draw
conclusions. Spearman correlation coefficient was used to
compare relative variables and Chi-square test was used
to compare nominal variables. A value of P<0.05 was
considered significant.

Results

In the current study, researchers compared the levels of
total tau protein and phosphorylated tau protein between
40 patients with schizophrenia and 40 healthy individuals
(control group). Both groups consisted of 20 males and
20 females.

The average age of the patient group was 34.85+7.10
years, and that of the control group was 31.03+6.43. The
demographic data of the patients and the control group
are demonstrated in Table 1.

Among the patients, the average time of disease onset
was 11.75+5 years, and they had been hospitalized an
average of 3.45 times. Ten patients (25%) reported a
positive family history of schizophrenia. In terms of
medication, 37 patients (92.5%) were using second-
generation antipsychotic drugs, 1 patient (2.5%) was
using first-generation antipsychotic drugs, and 2
patients (5%) were using a combination of both types.
Additionally, 3 patients (7.5%) had a history of receiving
electroshock therapy (ECT). The PANSS test was used to
assess symptoms in the patient group. The average score
for positive symptoms of schizophrenia was 19.05 + 8, the
average score for negative symptoms was 22.1 +8, and the
score for general symptoms was 31.1+£6.8. The specific
data for the patient group were summarized in Table 2.

To compare the levels of total tau protein and
phosphorylated tau protein between the patient and
control groups, a Mann-Whitney U test was performed.
The results did not show a significant difference in total

Table 1. The demographic findings of the patients and the control group

Parameters Patients Controls P value
Gender (M/F) 20/20 20/20 >0.05
Age (years) 34.85+7.102 31.03+6.435 >0.05
Marital status (S/ M) 33/7 6/34 <0.0001
Employment status (E/U) 2/38 33/7 <0.0001
Number of siblings 25+13 2.05+1 >0.05
R:;artsi)o n of marriage 46(0-25  56(0-15  >0.05
Number of children 0.52+1 0.77+0.8 >0.05
R/:':rt;)c’ n of education 83441 163426  <0.0001
Smoker 17 (42.5%) 7 (17.5%) <0.05

tau protein levels (P=0.6965, Mann-Whitney U=759)
or phosphorylated tau protein levels (P=0.97, Mann-
Whitney U=796.5) between the two groups (Fig. 1).

Furthermore, there was no significant difference in
total tau protein levels between males and females or
in phosphorylated tau protein levels within the patient
group (Fig. 2).

To assess the diagnostic potential of these cytokines
as biomarkers, we employed the receiver operating
characteristic (ROC) curve analysis. In this method, the
area under the curve (AUC) serves as an indicator of the
predictive accuracy of total and phosphorylated tau protein
levels in distinguishing patients with schizophrenia from
healthy controls. An AUC value of 0.5 or lower reflects
a lack of diagnostic utility. While a value greater than
0.5 suggests a greater chance for diagnostic value of this
biomarker.

Our study found that the AUC value for serum levels of
total tau protein was 0.5205 (P=0.69). Therefore, based
on the graphs and the size of the area under the curve,
the measurement of total and phosphorylated tau protein
levels does not have diagnostic value in distinguishing
between patients with schizophrenia and the control
group. Linear regression and Spearman's correlation
coefficient was used for evaluation of correlations. A
significant correlation between total tau protein and
phosphorylated tau was observed in patients (Spearman
r=0.81, P value <0.05) (Fig. 3).

Furthermore, significant correlations were found
between the age of patients and serum levels of total
tau protein (Spearman r=0.69, P value<0.05) and
phosphorylated tau (Spearman r=0.57, P value<0.05).
These correlations suggest that the levels of these two
proteins increase with age (Fig. 4).

Regarding the PANSS test results, we did not observe
any correlation between the total and phosphorylated tau
protein serum levels and the PANSS test results. However,
we did find a weak correlation between age (Spearman

Table 2. Summary of specific data of the patient group

Parameters Values
Disease onset (years) 11.755
Number of hospitalizations 3.45+2.67
Family history 10 (25%)
Number of previous ECT 3(7.5%)
Medication

Atypical antipsychotics 37 (92.5%)

Typical antipsychotics 1(2.5%)

Both 2 (5%)
PANSS score

Positive 19.05+8

Negative 22.1+8

General 31.1+6.8
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Fig. 1. Comparison of total tau protein levels (A) and phosphorylated tau
protein levels (B) between patient and control groups using the Mann-
Whitney U test. No significant differences were observed in total tau
(P=0.6965) or phosphorylated tau (P=0.97) levels.
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Fig. 2. Comparison of total tau protein levels (A) and phosphorylated tau
protein levels (B) between males and females using the Mann-Whitney
U test. No significant difference were observed in total tau protein levels
(A) or phosphorylated tau protein levels (B) between males and females
within the patient group.

R=0.3, Pvalue<0.05) and a moderate correlation between
the time of disease onset and negative symptoms of the
PANSS test (Spearman R=0.4, P value <0.05) (Fig. 5).

Furthermore, we did not find any significant correlation
between the total and phosphorylated tau serum levels
and the type of medication, history of ECT, or family
history of the disease. Similarly, there were no significant
correlations observed between the time of disease onset,
number of hospitalizations, smoking, level of education,
and employment (Fig. 4). To assess the correlation in the
control group, we used Pearson's correlation coefficient
for ordinal data and Spearman's correlation coefficient
for ranking data. We found that the correlation between
the total tau protein serum level and phosphorylated tau
protein serum level in the control group was lower than in
the patient group (Spearman R=0.47, P value <0.05). We
also observed a moderate correlation between the age of
patients and the serum level of phosphorylated tau protein
(Spearman R=0.62, P value <0.05). Additionally, the data
showed a low correlation between the age of patients and
the serum level of total tau protein (Spearman R=0.16, P
value=0.3) (Fig. 5).

To provide a comprehensive overview of the
associations examined odds ratio (OR), prevalence ratio
(PR), and prevalence odds ratio (POR), reported in the
Tables 3 and 4 alongside the main measures.

Simple linear regression of tau vs ptau
200

150

100

P phos tau

50

0 1:)0 260 3:)0 460 5(I)0

P total tau
Fig. 3. Linear regression and Spearman's correlation coefficient
were used to assess correlations. A significant positive correlation
was observed between total tau and phosphorylated tau in patients
(Spearman r=0.81, P<0.05).

Discussion

In this study, we aimed to investigate the serum levels
of tau and phosphorylated tau protein in patients with
schizophrenia compared to a control group. We did not
find any significant differences in the serum levels of total
tau protein or phosphorylated tau protein between the
patient and control groups. Additionally, there was no
correlation observed between these protein levels and the
PANSS test results. In our study, we observed significant
correlations between tau levels and age; however, the
clinical implications of these associations require further
investigation. The absence of correlation between tau
levels and PANSS scores suggests that tau accumulation
may not directly reflect the severity of schizophrenia
symptoms at all disease stages. This finding highlights the
possibility that other biological or environmental factors
could contribute to symptom manifestation independent
of tau pathology. Future research should therefore aim
to clarify the clinical relevance of tau in schizophrenia,
for instance by examining its role across different
illness phases, its interaction with other biomarkers,
and its potential contribution to disease progression
rather than symptom severity alone. These findings are
consistent with previous studies that have also reported
no significant differences in cerebrospinal fluid levels
of tau protein between patients with schizophrenia and
healthy individuals. This suggests that tau protein may
not be a determining factor in distinguishing between
these two groups.”® However, it is worth noting that a
study conducted in Turkey did find significant differences
in serum levels of tau and phosphorylated tau protein
between patients and controls, with lower levels observed
in the patient group.”® This discrepancy may be due to
differences in sample characteristics or other factors that
require further investigation. In comparison with previous
studies, our findings regarding tau levels are not entirely
consistent with all reported results. Several factors may
account for these discrepancies, including differences in
sample characteristics such as age, disease stage, or the use
of antipsychotic medication, each of which can influence
neurobiological protein expression. Methodological
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Fig. 4. Serum levels of total tau (A) and phosphorylated tau (B) show significant positive correlations with patient age (Spearman r=0.69 and 0.57,

respectively; P<0.05), indicating an age-related increase in both proteins.
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Fig. 5. Spearman's correlation between patients’ total tau, p-tau, age, disease onset, PANSS test scores. No significant correlation was found between
serum total and phosphorylated tau levels and PANSS scores. A weak positive correlation existed between age and PANSS (Spearman r=0.3, P<0.05),
and a moderate correlation was observed between disease onset time and PANSS negative symptoms (Spearman r=0.4, P<0.05).

Table 3. Fisher's exact test for T-tau

Table 4. Fisher's exact test for P-tau

Measure Value Measure Value
P value 0.4391 P value 0.1374
Relative risk 1.500 Relative risk 1.875
Odds ratio 1.714 Odds ratio 2.400
PR 1.5 PR 1.875
POR 1.7 POR 2.4

variations, such as differences in assay techniques or data
analysis approaches, may also contribute to the observed
divergence. Furthermore, the potential impact of other
biological factors, including comorbid conditions or
genetic variations, should be considered. Addressing these
variables not only helps to explain the inconsistencies
across studies but also provides deeper insight into the
biological mechanisms underlying tau level alterations.
Some studies have suggested a link between tau protein
pathology and psychotic symptoms, but the evidence
for this association is still limited.”’ In patients with

Alzheimer's disease and neurocognitive disorders, tau
protein levels have been found to increase independence
with age. However, studies in schizophrenia patients
have not consistently supported the theory that cognitive
decline in schizophrenia is a result of neurodegenerative
disorders and tauopathy.®

One of the supporters of the neurodegenerative theory
in schizophrenia performed structural and functional
investigations on the brains of these patients. Supporters
of the neurodegenerative hypothesis in schizophrenia
have conducted structural and functional investigations

Biolmpacts. 2025;15:30813 |5
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on the brains of patients, which have shown changes
in brain volume and structure. The decrease in the
volume of the cerebral cortex and thalamus and the
increase in the volume of the ventricles in these studies
are considered as evidence for the existence of brain
degeneration in schizophrenic patients.'"* The findings
of the neurodevelopmental model show that the risk
factors for schizophrenia may act during the stages of
synaptic reorganization and pruning that occur in early
adolescence, and it is argued that the disorder in this
important stage of cortical maturation is the cause of
the emergence of schizophrenia and other symptoms.*
This model is supported by imaging studies reporting
that the structures of the gray cortex change significantly
before the onset of psychosis in individuals at high risk
for schizophrenia.®'® However, the findings of our study
do not support this hypothesis, as we did not observe
significant differences in tau protein levels between
patients and controls. Instead, we found that the negative
PANSS test scores of the patients were more correlated
with age and the time of disease onset than with tau
protein levels. This suggests that cognitive problems in
patients with schizophrenia may not be directly related to
tauopathy. It is worth noting that, in this study control
participants were selected from local health care centers
and universities which may introduce selection bias.
Although controls were matched by age and sex, other
demographic and health- related factors were not fully
matched. This limitation might affect the generalizability
of the findings. Therefore designing strategies to minimize
selection bias in future studies are also suggested.

Conclusion

In conclusion, our study did not find significant
differences in serum levels of total and phosphorylated
tau protein between patients with schizophrenia and
healthy controls. This suggests that tau protein may not
be a determining factor in distinguishing between these
two groups. However, given the nature of the research
and the specific population under investigation, our
study aimed to provide preliminary insights that could
inform future, larger-scale investigations. Increasing
the sample size would enhance the statistical power
and reliability of the findings. As this study employed a
cross-sectional design, causal inferences cannot be drawn
and the results should be interpreted with caution. The
primary objective was to examine the association between
tau levels and schizophrenia symptoms at a single time
point. Future longitudinal investigations are warranted
to delineate the temporal dynamics and clarify potential
causal relationships between tau pathology and symptom
progression. Further research is needed to better
understand the role of tau protein in schizophrenia and its
potential association with cognitive symptoms. While our
study focused on tau levels, itis important to consider other

Research Highlights

What is the current knowledge?

e Tau protein is a biomarker in neurocognitive and
neurodegenerative disorders.

e Schizophrenia involves cognitive impairment with
unclear underlying biomarkers.

What is new here?

o No significant differences in serum tau levels between
schizophrenia patients and healthy controls.

o Total and phosphorylated tau are not reliable diagnostic
biomarkers for schizophrenia.

o Findings do not support tau-related neurodegeneration
in schizophrenia.

potential biomarkers and pathways that may contribute
to schizophrenia pathophysiology. Neuroinflammatory
markers such as IL-6 and TNF-a, alterations in
dopaminergic and glutamatergic neurotransmission,
oxidative stress indicators, neurotrophic factors like
BDNF, and synaptic proteins including Neuregulin 1 and
DISCI represent promising avenues for future research.
Investigating these biomarkers may provide a more
comprehensive understanding of disease mechanisms
and aid in developing targeted therapeutic strategies.
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