Discovery Medicine 2024; 36(190): 22442252

Article https://doi.org/10.24976/Discov.Med.202436190.206

Bipolar Disorder and Ubiquitin Proteasome System
Dysfunction: Peripheral Blood Levels of Molecules
Playing a Role in Ubiquitination and Their Relationship
to Sleep Quality

Unsal Aydmoglu"*, Ece Yazla', ihsan Cetin?, Huseyin Kayadibi?

I Department of Psychiatry, Hitit University Faculty of Medicine, 19040 Corum, Tiirkiye
2Department of Medical Biochemistry, Hitit University Faculty of Medicine, 19040 Corum, Tiirkiye
3Department of Medical Biochemistry, Eskisehir Osmangazi University School of Medicine, 26040 Eskisehir, Tiirkiye
*Correspondence: unsalaydinoglu@hotmail.com (Unsal Aydinoglu)
T These authors contributed equally.
Published: 20 November 2024

Background: Bipolar disorder (BD) is a serious mood disorder, notable for its morbidity and prevalence. It ranks among the
top 10 diseases globally in terms of functional impairment among affected individuals. Studies investigating neurobiological pro-
cesses in the development of BD also aim to identify biological markers. Ubiquitin is a protein that is abundant in all eukaryotic
cells and regulates many processes through the ubiquitin-proteasome system. It has been reported to be associated with circa-
dian rhythm and sleep disorders. Circadian rhythm plays a key role in maintaining mood stability in individuals with BD. In
this study, we investigated the peripheral levels of molecules involved in the ubiquitination process and their relationship to sleep
quality in individuals with BD.

Methods: Forty-nine patients with BD and 50 healthy volunteers without any psychiatric disorders were included. The Pitts-
burgh Sleep Quality Index, the Young Mania Rating Scale, and the Hamilton Depression Rating Scale were administered to the
participants. Peripheral blood levels of proteins and enzymes that play a role in ubiquitination processes were determined by the
immunosorbent assay method.

Results: TAR DNA-binding protein-43 (TDP-43) (p < 0.001), ubiquitin C-terminal hydrolase-L1 enzyme (UCH-L1) (p = 0.037),
ubiquitin C-terminal hydrolase-L3 enzyme (UCH-L3) (p = 0.007), histone deacetylase I (Histone Dea-1) (p = 0.006), histone
deacetylase II (Histone Dea-2) (p = 0.047), and ligase cullin-3 (p = 0.031) levels were found to be significantly lower in the BD
group than in the control group, but these parameters were not associated with sleep quality scores in the BD group.
Conclusions: Our results support the data in the literature but show that the ubiquitination process can be affected in BD patients
without being associated with sleep quality.
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Introduction

Bipolar disorder (BD) is a serious mood disorder char-
acterized by manic or depressive episodes. Including its
subtypes, it has been reported that its prevalence in the com-
munity may reach approximately 3% [1]. Since it is a re-
current chronic mental illness, it is prominent in terms of its
morbidity and mortality. It is one of the top ten diseases in
the world that causes the most loss of functionality in indi-
viduals diagnosed with the disease [2,3]. It has been stated
that studies investigating neurobiological processes in the
development of BD also aim to identify biological markers
that could contribute to early and definitive diagnosis of the
disease, make evidence-based treatment plans, and evaluate
treatment response [4].

Ubiquitin is a protein that is abundant in all eukary-
otic cells and regulates many events through the ubiquitin-
proteasome system (UPS). UPS, along with the lysosomal
system, is one of the two main proteolytic systems respon-
sible for intracellular protein turnover. In UPS, ubiquitin
molecules bind to abnormal proteins that need to be broken
down and form a polyubiquitin chain. Thus, by marking
these proteins, they introduce them to the proteasome, the
proteolytic component of the system, for degradation. The
proteasome is a multicatalytic enzymatic complex and en-
ables rapid degradation of the target substrates. This type
of protein modification is called ubiquitination [5,6].

Ubiquitin ligase, one of the molecules participating in
the ubiquitination process, is the most important substrate
recognition factor of the system [7]. Cullin-3 protein, on the
other hand, has a critical role as the core component of the
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ubiquitin ligase complex [8]. TAR DNA-binding protein-
43 (TDP-43) is a nuclear protein that binds to the mRNA
of ubiquitin ligase to regulate the transcription and expres-
sion of thousands of genes [9]. It has been suggested that
TDP-43 mediates TDP-43 translocation by forming multi-
protein complexes with histone deacetylase-6 [10]. Ubiqui-
tin C-terminal hydrolase-L1 enzyme (UCH-L1) is involved
in the removal of ubiquitin from metabolized proteins in the
ubiquitin proteasome pathway [11]. It is important in pro-
viding axonal stability in the central nervous system. In the
UCH-LI1 deficient mice model, the level of free ubiquitin in
the brain decreases by 20-30% [12]. UCH-LI is found in
nearly all neurons and accounts for an average of 1-5% of
total soluble brain proteins. The abundance of UCH-L1 in
the brain, compared to its limited presence in other tissues,
has led to its use as a biomarker [13].

Studies have shown that the ubiquitination process is
closely related to sleep and circadian rhythm regulation
[8,14]. Mice with spontaneous deletion of the UCH-LI
gene were found to have disruptions in sleep/wake rhythms
compared to wild-type mice. It was also reported that ubiqg-
uitin ligase and cullin-3 played an important role in sleep
and circadian rhythm through ubiquitination [14].

The circadian rhythm is the key factor in maintain-
ing a constant sleep-wake cycle. Because of this feature,
it plays a major role in maintaining mood stability in indi-
viduals with BD [15]. Many studies have shown that cir-
cadian rhythm disorders are detected in patients with BD,
independent of mood episodes, and the regularity of the cir-
cadian rhythm positively affects the course of the disease
[16—18]. In this study, we investigated the peripheral lev-
els of TDP-43, UCH-LI, ubiquitin C-terminal hydrolase-
L3 enzyme (UCH-L3), ubiquitin ligase, cullin-3, histone
deacetylase I (Histone Dea-1), and histone deacetylase II
(Histone Dea-2), molecules associated with the ubiquitina-
tion process which has a role in circadian system regulation,
in individuals with BD and aimed to determine their rela-
tionship to sleep quality.

Materials and Methods

Participants

This study was carried out in the Community Men-
tal Health Center of the Hitit University Erol Olgok Re-
search and Training Hospital. The inclusion criteria for
the patient group include being diagnosed with BD ac-
cording to the Diagnostic and Statistical Manual of Men-
tal Disorders (DSM)-5, being in remission, and being 18—
65 years old. The inclusion criteria for the healthy con-
trol group were not having any psychiatric disorders ac-
cording to the Structured Clinical Interview for DSM-IV
Axis I Disorders (SCID-I), being 18—65 years old, and vol-
untarily agreeing to participate in the study. The experi-
mental protocol was established according to all applica-
ble ethical guidelines and recommendations of the Decla-

2245

ration of Helsinki. The study was approved by the Clin-
ical Research Ethics Committee of Ondokuz Mayis Uni-
versity (B.30.2.0DM.0.20.08/112-270). Forty-nine partic-
ipants diagnosed with BD and 50 healthy volunteers of sim-
ilar age and sex distributions whose written informed con-
sent was obtained were included in the study. Various so-
ciodemographic characteristics of the patients, including
age, sex, and marital status, were recorded. The Young Ma-
nia Rating Scale (YMRS), the Hamilton Depression Rat-
ing Scale (HAM-D), and the Pittsburgh Sleep Quality In-
dex (PSQI) were administered to the participants. For both
groups, individuals who had any additional disease that
would impair their judgment, such as mental retardation or
organic mental disorder, and those who were experiencing
manic or depressive episodes during the evaluation were ex-
cluded from the study.

Data Collection Instruments
Sociodemographic Information Form

The researchers prepared the form, which contained
questions about age, place of residence, marital status, co-
habitants, education, employment status, disease history,
mood stabilizer usage characteristics, smoking status, and
alcohol consumption status.

Pittsburgh Sleep Quality Index

PSQI is a questionnaire that evaluates sleep quality
and disturbance in the last month. It was developed by
Buysse et al. [19]. The Turkish validity and reliability
study of PSQI was performed by Agargun [20]. The scale
consists of 24 items, 19 of which are self-report items, while
5 are answered by the partner or roommate. With 19 ques-
tions answered by the individual, 7 dimensions are evalu-
ated, including subjective sleep quality, sleep latency, sleep
duration, habitual sleep efficiency, sleep disturbance, use of
sleep medication, and daytime dysfunction. Each compo-
nent is evaluated over 0—3 points. The total score of the 7
components gives the total score of the index, which ranges
from 0 to 21. A total score greater than 5 indicates “poor
sleep quality”. The Cronbach’s « coefficient of PSQI in this
study was found to be 0.80.

Young Mania Rating Scale

YMRS was developed by Young et al. [21]. The va-
lidity and reliability study of the scale in Tiirkiye was car-
ried out by Karadag et al. [22]. It consists of 11 items,
and each item measures symptom severity at 5 stages. The
items in the scale evaluate the defined core symptoms of a
manic episode of BD. The grading of severity is based on
the patient’s reports of their subjective condition in the last
48 hours and the clinician’s impressions of the patient dur-
ing the interview. The Cronbach’s « coefficient of YMRS
in this study was found to be 0.79.
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Table 1. Comparison of age and sex of patients in BD group (n: 49) and control group (n: 50).

Healthy control group (n: 50)

BD group (n: 49)

p-value

Mean + SD/n - %

Mean =+ SD/n - %

Age (years) 42.8 £ 8.8
Sex
Female 24-48.0%
Male 26-52.0%

44.0 + 12.4 0.587 ¢ (¢ =0.586)
25-51.0%

0.764 X2 (x2 = 0.090)
24-49.0%

‘Independent-samples ¢-test; X? Chi-squared test; values are presented as mean = standard deviation

or frequency (%). BD, bipolar disorder; SD, standard deviation.

Hamilton Depression Rating Scale

HAM-D was developed by Hamilton [23]. The Turk-
ish validity and reliability study of the scale was performed
by Akdemir et al. [24]. It is used to measure the severity
of depressive symptoms. On the scale applied by the clin-
ician, each of the seventeen items is scored between 0 and
4. The total score on the scale varies between 0 and 53. A
higher total score indicates a higher severity of depression.
The Cronbach’s « coefficient of HAM-D in this study was
found to be 0.75.

Sample Collection

Blood samples were taken into tubes with a clot activa-
tor for serum between 08.00 and 10.00 following 12 hours
of fasting. After keeping the samples at room temperature
for half an hour, the samples were centrifuged at 4000 rpm
for 10 minutes, and the separated sera were stored at —70 °C
until the analyses.

Molecular Measurements

Neuroprotective and neurodegenerative protein and
enzyme levels that play a role in ubiquitination processes
were determined by the enzyme-linked immunosorbent as-
say (ELISA) method based on the double-antibody sand-
wich method. Samples containing TDP-43, UCH-LI,
UCH-L3, ubiquitin ligase cullin-3, cullin-3, Histone Dea-
1, and Histone Dea-2 were added to plate wells coated
with monoclonal antibody and incubated. After incuba-
tion, an immune complex was formed with biotin-labeled
TDP-43, UCH-L1, UCH-L3, ubiquitin ligase cullin-3,
cullin-3, Histone Dea-1, and Histone Dea-2 antibody and
streptavidin-HRP solution. Unbound proteins and enzymes
were cleaned from the medium by washing, chromogenic
reagent A and B solutions were added, and the mix was
incubated at 37 °C for about 10 minutes away from light.
After incubation, the color change was inhibited by adding
the stop solution, and the optical density of the standard
and samples were determined at a wavelength of 450 nm
within 10 minutes. Protein levels in the sample were deter-
mined using the optical density and concentration values of
the standards.

ELISA Kits Used for Molecular Measurements

(1) TDP-43, Catalog Number: E6246Hu, Shanghai
Korain Biotech, Shanghai, China.

(2) UCH-L1, Catalog Number: E2328Hu, Shanghai
Korain Biotech, Shanghai, China.

(3) UCH-L3, Catalog Number: E6969Hu, Shanghai
Korain Biotech, Shanghai, China.

(4) Ubiquitin ligase cullin-3, Catalog Number:
E6435Hu, Shanghai Korain Biotech, Shanghai, China.

(5) Cullin-3, Catalog Number: E6968Hu, Shanghai
Korain Biotech, Shanghai, China.

(6) Histone Dea-1, Catalog Number: E2041Hu,
Shanghai Korain Biotech, Shanghai, China.
(7) Histone Dea-2, Catalog Number: E2025Hu,

Shanghai Korain Biotech, Shanghai, China.

Statistical Method

Hitit University licensed SPSS 27.0 (IBM SPSS Inc.,
Chicago, IL, USA) program was used for the statistical
analyses. The normality of the distributions of the variables
was measured with the Kolmogorov-Smirnov test. In the
descriptive statistics of the data, frequency and ratio values
were used. Mean =+ standard deviation or median (25th—
75th quartiles) was used as appropriate for the continuous
variables. Categorical variables expressed as frequencies
and percentages. Independent-sample ¢-tests and the Mann-
Whitney U-test were used for the comparisons of the nor-
mally and non-normally distributed continuous parameters,
respectively. Chi-squared tests were used in the analyses
of the qualitative independent data. Spearman’s correlation
analysis was used to test correlations. A significance level
of p < 0.05 was considered statistically significant.

Results

Participants Features

A total of 99 individuals, 49 in the BD group and 50 in
the healthy control group, were included in the study. The
mean age of the BD group was 44.0 + 12.4 years, and the
mean age of the healthy control group was 42.8 + 8.8 years.
The BD and control groups were similar in terms of their
age (p = 0.587) and sex (p = 0.764) distributions (Table 1).
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Table 2. Basic characteristics of patients with BD (n: 49).

Median (25th—75th quartiles)/n %

Disease onset age
First treatment age
Number of hospitalizations
Body mass index (kg/m?2)
Consumes alcohol
No
Yes
Smoker
No
Yes
Marital status
Not married
Married
Employment status
Not working/retired
Working
Education status
Primary-secondary school
High school
University
Has a history of suicide attempt
No
Yes
Has affective disorder in the family
No
Yes
Has schizophrenia in the family
No
Yes
Mood stabilizer used by the patient
Valproic acid
Lithium
Combine
None
Receives antipsychotic treatment
No
Yes

21.0 (17.0-27.0)
22.0 (19.0-28.5)
3.0 (3.0-6.0)
31.1(25.5-33.1)

42 85.7%
7 14.3%
24 49.0%
25 51.0%
20 40.8%
29 59.2%
39 79.6%
10 20.4%
19 38.8%
21 42.9%
9 18.4%
32 65.3%
17 34.7%
23 46.9%
26 53.1%
43 87.8%
6 12.2%
26 53.1%
10 20.4%
7 14.3%
6 12.2%
9 18.4%
40 81.6%

Values are presented as median (25th—75th quartiles) or frequency (%) for contin-

uous and categorical variables, respectively.

Clinical Features of Participants in BD Group

In the BD group, the median age of onset of the disease
was 21.0, and the median age at first treatment was 22.0.
Mood stabilizers were used by 87.8% of the patients, while
81.6% were undergoing antipsychotic treatment (Table 2).

Peripheral Blood Levels of Molecules Associated
with the Ubiquitination Process

The TDP-43 (p < 0.001), UCH-L1 (p =0.037), UCH-
L3 (p = 0.007), Histone Dea-1 (p = 0.006), Histone Dea-2
(p = 0.047), and ligase cullin-3 (p = 0.031) levels of the
BD group were significantly lower than those of the con-

trol group. Cullin-3 levels did not differ significantly (p =
0.188) between the BD and control groups (Table 3).

Relationship between Blood Levels of Molecules and
Sleep Quality

No significant (p > 0.05) correlation was observed be-
tween the TDP-43, UCH-L1, UCH-L3, Histone Dea-1, Hi-
stone Dea-2, cullin-3, and ligase cullin-3 levels of the pa-
tients and their PSQI, HAM-D, and YMRS scores (Table 4).
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Table 3. Peripheral blood levels of examined molecules in the BD group (n: 49) and control group (n: 50).

Healthy control group (n: 50)

BD group (n: 49)

p-value z-value
Median (25th—75th quartiles)  Median (25th—75th quartiles)

TDP-43 (ng/mL) 1126.5 (756.6-2223.8) 805 (714-1634) <0.001™ —3.555
UCH-L1 (ng/mL) 523.59.1) 3.9 (3.6-6.9) 0.037m —2.082
UCH-L3 (ng/mL) 1.6 (1.0-3.0) 1.1(1.0-2.2) 0.007 ™ -2.708
Histone Dea-1 (ng/mL) 18.5 (13.1-33.0) 14.1 (13.1-24.8) 0.006 ™ —2.743
Histone Dea-2 (ng/mL) 4.6 (3.6-8.5) 4 (3.6-6.0) 0.047 ™ —1.984
Cullin-3 (ng/mL) 279.7 (199.2-573.8) 241.8 (218.2-434.5) 0.188 ™ -1.316
Ligase cullin-3 (ng/mL) 412.7 (331.3-785.9) 354 (329-581) 0.031m -2.163

M Mann-Whitney U-test, values are presented as median (25th—75th quartiles). TDP-43, TAR DNA-binding protein-43; UCH-
L1, ubiquitin C-terminal hydrolase-L1 enzyme; UCH-L3, ubiquitin C-terminal hydrolase-L3 enzyme; Histone Dea-1, histone

deacetylase I; Histone Dea-2, histone deacetylase II.

Table 4. Correlations between peripheral blood levels of
examined molecules and PSQI, HAM-D, and YMRS scores of
BD group (n: 49).

PSQI HAM-D YMRS
r -0.015 0.070 0.000
TDP-43
p 0919 0.634 0.999
r  0.095 0.148 -0.143
UCH-L1
p 0517 0.309 0.328
r  0.162 0.259 -0.104
UCH-L3
p 0.267 0.072 0.477
. r  0.028 0.073 -0.094
Histone Dea-1
p 0.849 0.617 0.522
. r  0.000 0.112 —-0.100
Histone Dea-2
p 0999 0.442 0.492
. r  0.115 0.167 -0.219
Cullin-3
p 0430 0.253 0.130
. . r 0122 0.110 -0.106
Ligase cullin-3
p 0403 0.453 0.468

Spearman Correlation
PSQI, Pittsburgh Sleep Quality Index; HAM-D, Hamil-
ton Depression Rating Scale; YMRS, Young Mania Rat-

ing Scale.

Discussion

The role of UPS, whose relationship we know better
to circadian rhythm and sleep, in BD is not yet clear. In this
study, we investigated the peripheral levels of molecules in-
volved in the ubiquitination process and their relationship
to sleep quality in individuals with BD. We found that the
blood levels of TDP-43, UCH-L1, UCH-L3, Histone Dea-
1, Histone Dea-2, and ligase cullin-3 were significantly
lower in the BD group compared to the control group. How-
ever, we could not find a relationship between the blood
levels of the examined molecules in the BD group and the
sleep quality scores of the patients in the BD group.

There is evidence supporting the association of BD
with many conditions such as inflammatory diseases, neu-
roplasticity disorder, oxidative stress, and mitochondrial
disorder. Therefore, new biomarkers should be sought
to identify and investigate associated biological processes.
Brain-derived neurotrophic factor (BDNF) stands out as
the most widely accepted biomarker in this context due to
its contribution to the continuity of neuroplasticity, synap-
tic activity, and neurotransmitter regulation in studies con-
ducted so far. The discovery of new and sensitive diagnos-
tic markers in BD will lead to advances in the better under-
standing and treatment of the disease [25].

In the human body, all intracellular proteins undergo
constant synthesis and degradation. In this continuous cy-
cle, damaged or altered proteins are also eliminated. This
continuous renewal of cellular components that have not
yet lost their function affects cell viability positively by
preventing the accumulation of damaged intracellular com-
pounds [26]. Ubiquitin is a small polypeptide of 76 amino
acids (8.5 kDa) that is highly conserved in all eukaryotic
cells and is involved in protein degradation. Ubiquitin is
conjugated to the protein to be degraded, and the protein
with ubiquitin is selectively degraded by the proteasome, a
multicatalytic enzymatic complex [5]. Besides the lysoso-
mal system, UPS is one of the two main proteolytic systems
responsible for the intracellular protein cycle [6]. UPS is
the most important cellular mechanism in the destruction
of misfolded, oxidized, and/or damaged abnormal proteins
[27]. Moreover, what makes this system indispensable for
cell viability is its function of recognizing protein degrada-
tion and its regulatory role in numerous intracellular pro-
cesses. UPS plays a key role in the cell cycle, signal trans-
duction, transcriptional regulation, DNA repair, stress re-
sponse, programmed cell death, and antigen presentation,
which are essential for cellular homeostasis. Therefore, it
is thought that a disorder in one or more of the components
of UPS may be among the important causes of diseases [7].
A possible loss of function in this pathway causes accumu-
lation in target proteins, and an increase in function causes
abnormal destruction in target proteins [28].
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Dysfunction in UPS components has been reported to
be associated with many neurological and mental diseases.
UCH-L1, which functions as a deubiquitinating enzyme in
UPS, takes part in the pathogenesis of neurodegenerative
diseases such as Parkinson’s disease, Alzheimer’s disease,
spinocerebellar ataxia, and Huntington’s disease. UCH-LI
gene deletion has also been found to cause progressive loss
of dopaminergic neurons in the substantia nigra and stria-
tum. UCH-LI is required for the maintenance of axonal
integrity. In mice with UCH-L1 deficit, synaptic activity
was also impaired. UCH-L1 deficit causes the accumula-
tion of intracellular abnormal proteins and neurodegenera-
tion [26,29]. It is thought that UCH-L1 is a neuronal antiox-
idant, and maintaining its normal levels is important for the
protection of brain functions [12]. Ubiquitin ligase, another
protein associated with ubiquitination, is crucial in substrate
selection and functions in maintaining synaptic plasticity
and regulating neurotransmitter receptors [30-32]. It was
reported that BDNF expression is mediated by a ubiquitin
ligase substrate, and chronic stress exposure causes a de-
crease in BDNF levels this way [33]. Changes in BDNF
expression in major depressive disorder (MDD) are well
known, but this is a new perspective. Recent studies have
shown that ubiquitin ligase may be involved in the patho-
physiology of BD [34,35]. Genes which encode ubiquitin
ligase are negatively expressed in the frontal cortex of BD
subjects [35]. Another molecule related to ubiquitination,
TDP-43, has been thought to be associated with neurode-
generative diseases such as Amyotrophic lateral sclerosis
and frontotemporal lobar degeneration [36]. It was reported
that serum levels of TDP-43 and UCH-L1 are lower in autis-
tic individuals, and abnormal ubiquitin ligase activity con-
tributes to the neuropathological features of autism [37]. It
is known that UPS plays an active role in sleep and circadian
rhythm regulation [14]. The circadian system is a biologi-
cal process adapted to the 24-hour cycle. This system regu-
lates processes such as body temperature, nutritional activ-
ity, hormone release, and sleep-wake rhythm. Therefore,
the circadian rhythm is an innate system that ensures the
continuity of processes involving many functions related to
survival and health [38]. It is the main factor in maintain-
ing the sleep-wake cycle. Because of this function, it plays a
key role in maintaining mood stability in BD [15]. Changes
in the duration and quality of sleep are frequently observed
in both manic and depressive episodes of BD. In Diagnos-
tic and Statistical Manual of Mental Disorders, insomnia or
hypersomnia for a depressive episode and a decrease in the
need for sleep for a manic episode were counted among the
basic diagnostic criteria [39]. In addition to being an impor-
tant indicator of BD episodes, sleep disorders are observed
even in the euthymic periods of patients [40]. Moreover, it
was argued that sleep disorders may be a predisposing fac-
tor for BD [41]. It has been suggested that in the long term,
sleep disorders, both as a factor and as a symptom, may play
a decisive role in relation to clinical findings and the course
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of the disease. Poor sleep quality in individuals with BD is
associated with a poor prognosis of the disease, decreased
functionality, and lower quality of life [38,42]. The fact that
sleep disorders are seen in all subtypes and stages of BD and
affect the course of the disease indicates the importance of
sleep and circadian rhythm in maintaining mood stability in
BD [38].

The widely accepted cause of sleep disorders in BD is
circadian system disorders. Many studies have shown that
circadian rhythm disorders are detected in patients with BD,
independent of mood episodes [ 16—18]. For example, it was
reported that euthymic BD patients had lower melatonin
secretion at night compared to healthy controls, and their
melatonin peak time was delayed. In another study, it was
shown that cortisol secretion was higher in depressive and
hypomanic BD patients compared to healthy controls [16—
18]. A study even defined the irregular circadian system as
a biomarker for BD [43]. Additionally, it was stated that
BD pharmacotherapy can positively affect abnormal circa-
dian rhythm, and lithium is effective in regulating abnormal
circadian cycle length [38].

It is not yet clear what role UPS, which we know is
closely related to sleep and circadian rhythm regulation,
plays in BD. In gene expression analysis studies, it was de-
termined that patients with BD and schizophrenia had low
expression levels in genes related to UPS [44,45]. In astudy
on whether single gene expressions could contribute to the
pathogenesis of mental disorders, it was found that ubiqui-
tin ligase and cullin protein encoded by the ubiquitin pro-
tein ligase E3A (UBE3A) gene were at low levels in BD pa-
tients. It was even stated that UBE3A could offer a potential
biomarker function for BD with the help of bioinformatics
technology to be integrated [35]. In another study, which
included patients with schizophrenia and BD and inves-
tigated the relationship between positive psychotic symp-
toms and UPS gene expressions, a positive correlation was
found between positive symptoms and ubiquitin conjuga-
tion gene expression, and a negative correlation was found
between positive symptoms and deubiquitinating gene ex-
pression [46].

Several risk factors associated with the development
of BD may be related to changes in different cellular path-
ways such as neuroplasticity [47], inflammation [48], ox-
idative stress [49], and cell death [50]. The oxygen con-
sumption rate of the brain is high, and oxidative stress is
more likely to occur in the brain than in other organs [51].
Oxidative stress is one of the factors responsible for pro-
tein malformation, and it was reported that there may be a
dysfunction in the protein control mechanism in mood dis-
orders [52]. Neurodegenerative diseases (NDD) are caused
by the accumulation of misfolded proteins in certain areas
of the brain [53]. Cognitive symptoms in diseases are of-
ten accompanied by psychiatric symptoms [54]. A recent
study showed that mood disorders increase the risk of de-
veloping NDD later in life [55]. It has been reported that
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common molecular mechanisms underlie mood disorders
[54]. UPS plays a critical role in maintaining cellular home-
ostasis, with numerous studies linking it to mood disorders
[56,57].

In this study, we investigated the relationship of
molecules associated with the ubiquitination process to BD
and sleep quality. Among the molecules whose peripheral
levels we examined, we found that the peripheral levels of
TDP-43, UCH-L1, UCH-L3, ubiquitin ligase, Histone Dea-
1, and Histone Dea-2 were significantly lower in the BD
group than in the control group. However, we did not find
a relationship between the peripheral blood levels of these
molecules and the sleep quality scores in the BD group.
The BD group included individuals who were continuing
their follow-up at the community mental health center reg-
ularly, whose disease was in remission, and almost all of
them were using mood stabilizers or antipsychotic drugs.
Many of these drugs have a hypno-sedative effect, and this
may have obscured the relationship between sleep quality
and ubiquitination-related molecules. In other words, some
patients may have good sleep quality, but their circadian
rhythms may still have been disrupted.

The most important limitation of this study was that
the effects of drugs, especially mood stabilizers and an-
tipsychotics used by the patient group, on the peripheral
blood levels of the investigated molecules could not be ex-
amined. Therefore, in future studies, the medication effects
of mood stabilizers and antipsychotics should be taken into
account, or a medication-free subgroup should be included
to better isolate the impact of BD itself on the ubiquitination
process. Additionally, there is a need for larger samples.
Although the numbers of individuals in the BD and healthy
control groups were enough according to the power analy-
sis that was conducted in this study, expanding the sample
size in future studies would allow the examination of other
possible factors such as age, sex, the age of onset of the dis-
ease, the number of episodes, family history, the presence
of psychotic symptoms, and other parameters.

Conclusions

The data we obtained are important to understand the
relationship between BD and the ubiquitination process.
These data both support our literature-based knowledge and
show that the ubiquitination process can be affected in BD
patients without being associated with sleep quality. Fur-
ther studies in the field are needed to understand whether
this interaction is mediated by the circadian system, which
has an active role in BD, or whether different pathways are
active.

Abbreviations

BD, bipolar disorder; UPS, ubiquitin-proteasome sys-
tem; TDP-43, TAR DNA-binding protein-43; UCH-LI,
ubiquitin C-terminal hydrolase-L1 enzyme; UCH-L3, ubiq-

uitin C-terminal hydrolase-L3 enzyme; Histone Dea-1, hi-
stone deacetylase [; Histone Dea-2, histone deacetylase II;
YMRS, Young Mania Rating Scale; HAM-D, Hamilton De-
pression Rating Scale; PSQI, Pittsburgh Sleep Quality In-
dex.

Availability of Data and Materials

The datasets used or analyzed during the present study
are available from the corresponding author upon reason-
able request.

Author Contributions

UA, EY, IC, and HK designed the study. UA, EY, iC,
and HK performed the research. HK analyzed the data. UA
and EY wrote the manuscript. All authors have participated
sufficiently in the work and agreed to be accountable for all
aspects of the work. All authors contributed significantly
to editorial changes of important content. All authors read
and approved the final manuscript.

Ethics Approval and Consent to Participate

The experimental protocol was established according
to all applicable ethical guidelines and recommendations
of the Declaration of Helsinki. The study was approved
by the Clinical Research Ethics Committee of Ondokuz
Mayis University (B.30.2.0DM.0.20.08/112-270). Forty-
nine participants diagnosed with BD and 50 healthy vol-
unteers of similar age and sex distributions whose written
informed consent was obtained were included in the study.

Acknowledgment

Not applicable.

Funding

This work was supported by the “Hitit Univer-
sity” as a Scientific Research Project [Project Code:
TIP19001.19.005].

Conflict of Interest

The authors declare no conflict of interest.

References

[1] Harold I, Kaplan BS. Handbook of Clinical Psychiatry. 6th edn.
Giines Tip Kitabevleri: Istanbul, Tiirkiye. 2020. (In Turkish)

[2] Bessonova L, Ogden K, Doane MJ, O’Sullivan AK, Tohen M.
The Economic Burden of Bipolar Disorder in the United States:
A Systematic Literature Review. ClinicoEconomics and Out-
comes Research: CEOR. 2020; 12: 481-497.

[3] Kupfer DJ. The increasing medical burden in bipolar disorder.
JAMA. 2005; 293: 2528-2530.

[4] Talbot LS, Stone S, Gruber J, Hairston IS, Eidelman P, Harvey


https://www.discovmed.com/

[3]

(6]
(7]
(8]
(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

AG. A test of the bidirectional association between sleep and
mood in bipolar disorder and insomnia. Journal of Abnormal
Psychology. 2012; 121: 39-50.

Pickart CM, Eddins MJ. Ubiquitin: structures, functions, mech-
anisms. Biochimica et Biophysica Acta. 2004; 1695: 55-72.
Nakamura N. Ubiquitin System. International Journal of Molec-
ular Sciences. 2018; 19: 1080.

Toma-Fukai S, Shimizu T. Structural Diversity of Ubiquitin E3
Ligase. Molecules (Basel, Switzerland). 2021; 26: 6682.

Bosu DR, Kipreos ET. Cullin-RING ubiquitin ligases: global
regulation and activation cycles. Cell Division. 2008; 3: 7.

Lye YS, Chen YR. TAR DNA-binding protein 43 oligomers in
physiology and pathology. [IUBMB Life. 2022; 74: 794-811.
Liu KP, Zhou D, Ouyang DY, Xu LH, Wang Y, Wang LX, ef al.
LC3B-II deacetylation by histone deacetylase 6 is involved in
serum-starvation-induced autophagic degradation. Biochemical
and Biophysical Research Communications. 2013; 441: 970-
975.

Papa L, Akinyi L, Liu MC, Pineda JA, Tepas JJ, 3rd, Oli MW,
et al. Ubiquitin C-terminal hydrolase is a novel biomarker in hu-
mans for severe traumatic brain injury. Critical Care Medicine.
2010; 38: 138-144.

Bishop P, Rocca D, Henley JM. Ubiquitin C-terminal hydrolase
L1 (UCH-L1): structure, distribution and roles in brain function
and dysfunction. The Biochemical Journal. 2016; 473: 2453—
2462.

Chen F, Sugiura Y, Myers KG, Liu Y, Lin W. Ubiquitin carboxyl-
terminal hydrolase L1 is required for maintaining the structure
and function of the neuromuscular junction. Proceedings of the
National Academy of Sciences of the United States of America.
2010; 107: 1636-1641.

Pfeffer M, Plenzig S, Gispert S, Wada K, Korf HW, Von Gall C.
Disturbed sleep/wake rhythms and neuronal cell loss in lateral
hypothalamus and retina of mice with a spontaneous deletion in
the ubiquitin carboxyl-terminal hydrolase L1 gene. Neurobiol-
ogy of Aging. 2012; 33: 393-403.

Steardo L, Jr, de Filippis R, Carbone EA, Segura-Garcia C,
Verkhratsky A, De Fazio P. Sleep Disturbance in Bipolar Disor-
der: Neuroglia and Circadian Rhythms. Frontiers in Psychiatry.
2019; 10: 501.

Tazawa Y, Wada M, Mitsukura Y, Takamiya A, Kitazawa M,
Yoshimura M, ef al. Actigraphy for evaluation of mood disor-
ders: A systematic review and meta-analysis. Journal of Affec-
tive Disorders. 2019; 253: 257-269.

Melo MCA, Abreu RLC, Linhares Neto VB, de Bruin PFC, de
Bruin VMS. Chronotype and circadian rhythm in bipolar disor-
der: A systematic review. Sleep Medicine Reviews. 2017; 34:
46-58.

Esaki Y, Kitajima T, Obayashi K, Saeki K, Fujita K, Iwata N.
Light exposure at night and sleep quality in bipolar disorder: The
APPLE cohort study. Journal of Affective Disorders. 2019; 257:
314-320.

Buysse DJ, Reynolds CF, 3rd, Monk TH, Berman SR, Kupfer
DJ. The Pittsburgh Sleep Quality Index: a new instrument for
psychiatric practice and research. Psychiatry Research. 1989;
28: 193-213.

Agargun MY. Pittsburgh uyku kalitesi indeksinin gecerligi ve
guvenirligi. Turk Psikiyatri Dergisi. 1996; 7: 107-115. (In Turk-
ish)

Young RC, Biggs JT, Ziegler VE, Meyer DA. A rating scale for
mania: reliability, validity and sensitivity. The British Journal of
Psychiatry: the Journal of Mental Science. 1978; 133: 429-435.
Karadag F, Oral T, Yalgin FA, Erten E. Reliability and valid-
ity of Turkish translation of Young Mania Rating Scale. Turk
Psikiyatri Dergisi. 2002; 13: 107-114. (In Turkish)

Hamilton M. A rating scale for depression. Journal of Neurology,

[24]

[25]

[26]

[27]
(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

2251

Neurosurgery, and Psychiatry. 1960; 23: 56-62.

Akdemir A, Tiirkcapar MH, Orsel SD, Demirergi N, Dag I,
Ozbay MH. Reliability and validity of the Turkish version of the
Hamilton Depression Rating Scale. Comprehensive Psychiatry.
2001; 42: 161-165.

Sagar R, Pattanayak RD. Potential biomarkers for bipolar dis-
order: Where do we stand? The Indian Journal of Medical Re-
search. 2017; 145: 7-16.

Weng FL, He L. Disrupted ubiquitin proteasome system under-
lying tau accumulation in Alzheimer’s disease. Neurobiology of
Aging. 2021; 99: 79-85.

Callis J. The ubiquitination machinery of the ubiquitin system.
The Arabidopsis Book. 2014; 12: e0174.

Sommer T, Wolf DH. The ubiquitin-proteasome-system.
Biochimica et Biophysica Acta. 2014; 1843: 1.

Harris LD, Jasem S, Licchesi JDF. The Ubiquitin System in
Alzheimer’s Disease. Advances in Experimental Medicine and
Biology. 2020; 1233: 195-221.

Kawabe H, Stegmiiller J. The role of E3 ubiquitin ligases in
synapse function in the healthy and diseased brain. Molecular
and Cellular Neurosciences. 2021; 112: 103602.

Lee S, Park S, Lee H, Han S, Song JM, Han D, et al. Nedd4 E3
ligase and beta-arrestins regulate ubiquitination, trafficking, and
stability of the mGlu7 receptor. eLife. 2019; 8: e44502.

Ma P, Mao B. The many faces of the E3 ubiquitin ligase,
RNF220, in neural development and beyond. Development,
Growth & Differentiation. 2022; 64: 98-105.

LiY, JiaY, Wang D, Zhuang X, Li Y, Guo C, ef al. Programmed
cell death 4 as an endogenous suppressor of BDNF translation
is involved in stress-induced depression. Molecular Psychiatry.
2021; 26: 2316-2333.

Hu TM, Chung HS, Ping LY, Hsu SH, Tsai HY, Chen SJ, et
al. Differential expression of multiple disease-related protein
groups induced by valproic acid in human SHSY5Y neuroblas-
toma cells. Brain Sciences. 2020; 10: 545.

You X, Zhang Y, Long Q, Liu Z, Feng Z, Zhang W, et al.
Does single gene expression omnibus data mining analysis ap-
ply for only tumors and not mental illness? A preliminary
study on bipolar disorder based on bioinformatics methodology.
Medicine. 2020; 99: €21989.

Neumann M, Sampathu DM, Kwong LK, Truax AC, Micsenyi
MC, Chou TT, et al. Ubiquitinated TDP-43 in frontotemporal
lobar degeneration and amyotrophic lateral sclerosis. Science
(New York, N.Y.). 2006; 314: 130-133.

Yi JJ, Berrios J, Newbern JM, Snider WD, Philpot BD, Hahn
KM, et al. An Autism-Linked Mutation Disables Phosphoryla-
tion Control of UBE3A. Cell. 2015; 162: 795-807.

Gold AK, Sylvia LG. The role of sleep in bipolar disorder. Na-
ture and Science of Sleep. 2016; 8: 207-214.

Association AP. Diagnostic and Statistical Manual of Mental
Disorders. American Psychiatric Publishing: Washington, DC,
US. 2013.

Keskin N, Tamam L, Ozpoyraz N. Assessment of sleep quality
in bipolar euthymic patients. Comprehensive Psychiatry. 2018;
80: 116-125.

Hensch T, Wozniak D, Spada J, Sander C, Ulke C, Wittekind
DA, et al. Vulnerability to bipolar disorder is linked to sleep and
sleepiness. Translational Psychiatry. 2019; 9: 294.

Porcu A, Gonzalez R, McCarthy MJ. Pharmacological Manipu-
lation of the Circadian Clock: A Possible Approach to the Man-
agement of Bipolar Disorder. CNS Drugs. 2019; 33: 981-999.
Singh I, Rose N. Biomarkers in psychiatry. Nature. 2009; 460:
202-207.

Hertzberg L, Maggio N, Muler I, Yitzhaky A, Majer M, Haroutu-
nian V, et al. Comprehensive Gene Expression Analysis De-
tects Global Reduction of Proteasome Subunits in Schizophre-


https://www.discovmed.com/

2252

[45]

[46]

[47]

[48]

[49]

[50]

nia. Schizophrenia Bulletin. 2021; 47: 785-795.

Bousman CA, Chana G, Glatt SJ, Chandler SD, Lucero GR,
Tatro E, et al. Preliminary evidence of ubiquitin proteasome sys-
tem dysregulation in schizophrenia and bipolar disorder: con-
vergent pathway analysis findings from two independent sam-
ples. American Journal of Medical Genetics. Part B, Neuropsy-
chiatric Genetics: the Official Publication of the International
Society of Psychiatric Genetics. 2010; 153B: 494-502.
Bousman CA, Chana G, Glatt SJ, Chandler SD, May T, Lohr J, et
al. Positive symptoms of psychosis correlate with expression of
ubiquitin proteasome genes in peripheral blood. American Jour-
nal of Medical Genetics. Part B, Neuropsychiatric Genetics: the
Official Publication of the International Society of Psychiatric
Genetics. 2010; 153B: 1336-1341.

Nanou E, Catterall WA. Calcium Channels, Synaptic Plasticity,
and Neuropsychiatric Disease. Neuron. 2018; 98: 466—481.
Muneer A. Bipolar Disorder: Role of Inflammation and the
Development of Disease Biomarkers. Psychiatry Investigation.
2016; 13: 18-33.

Kim Y, Vadodaria KC, Lenkei Z, Kato T, Gage FH, Marchetto
MC, et al. Mitochondria, Metabolism, and Redox Mecha-
nisms in Psychiatric Disorders. Antioxidants & Redox Signal-
ing. 2019; 31: 275-317.

Hroudova J, Fisar Z. Connectivity between mitochondrial func-
tions and psychiatric disorders. Psychiatry and Clinical Neuro-
sciences. 2011; 65: 130-141.

[51]

[52]

[53]

[54]

[55]

[56]

[57]

Andreazza AC, Kauer-Sant’anna M, Frey BN, Bond DJ,
Kapczinski F, Young LT, et al. Oxidative stress markers in bipo-
lar disorder: a meta-analysis. Journal of Affective Disorders.
2008; 111: 135-144.

Muneer A, Shamsher Khan RM. Endoplasmic Reticulum Stress:
Implications for Neuropsychiatric Disorders. Chonnam Medical
Journal. 2019; 55: 8-19.

Dugger BN, Dickson DW. Pathology of Neurodegenerative Dis-
eases. Cold Spring Harbor Perspectives in Biology. 2017; 9:
a028035.

Nascimento C, Nunes VP, Diehl Rodriguez R, Takada L, Sue-
moto CK, Grinberg LT, ef al. A review on shared clinical and
molecular mechanisms between bipolar disorder and frontotem-
poral dementia. Progress in Neuro-psychopharmacology & Bi-
ological Psychiatry. 2019; 93: 269-283.

Richmond-Rakerd LS, D’Souza S, Milne BJ, Caspi A, Moffitt
TE. Longitudinal Associations of Mental Disorders With De-
mentia: 30-Year Analysis of 1.7 Million New Zealand Citizens.
JAMA Psychiatry. 2022; 79: 333-340.

Cheon S, Dean M, Chahrour M. The ubiquitin proteasome path-
way in neuropsychiatric disorders. Neurobiology of Learning
and Memory. 2019; 165: 106791.

Matutino Santos P, Pereira Campos G, Nascimento C. Endo-
Lysosomal and Autophagy Pathway and Ubiquitin-Proteasome
System in Mood Disorders: A Review Article. Neuropsychiatric
Disease and Treatment. 2023; 19: 133-151.


https://www.discovmed.com/

	Introduction
	Materials and Methods
	Participants
	Data Collection Instruments
	Sociodemographic Information Form
	Pittsburgh Sleep Quality Index
	Young Mania Rating Scale
	Hamilton Depression Rating Scale
	Sample Collection
	Molecular Measurements
	ELISA Kits Used for Molecular Measurements
	Statistical Method


	Results
	Participants Features
	Clinical Features of Participants in BD Group
	Peripheral Blood Levels of Molecules Associated with the Ubiquitination Process
	Relationship between Blood Levels of Molecules and Sleep Quality

	Discussion
	Conclusions
	Abbreviations
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

