Yo Orgiitsel Davranis Arastirmalar: Dergisi

® ® Journal Of Organizational Behavior Research
® A ® Cilt / Vol.: 8, Say1 / Is.: S, Y11/ Year: 2023, Kod/ID: 23S0~952
2528-9705

A comparative study to investigate the behavioral traits and expression level of
BDNF and DRD4 genes in bipolar patients referring to Tabriz Razi Hospital and
healthy subjects

Iligar Zamzami
Department of Psychology, Ardabil branch, Islamic Azad University, Ardabil, Iran

*Corresponding Author
Email: ilgar.zamzm@gmail.com

ABSTRACT

Bipolar disorder is one of the major causes of disability causing cognitive and functional disorders and increased mortality
and death, especially due to suicide. The first episode of bipolar disorder is mostly depression. Depression episodes last
significantly longer than manic or hypomanic episodes for most people with bipolar I or bipolar 11 disorder. The estimated
heritability of bipolar disorder is between 70 and 90%. Genetics, especially the effect of small genes on potential underlying
neurobiological pathways of bipolar disorders, have been obtained from genome-related studies. The present comparative
study investigated the expression of BONE and DRDA4 genes in samples with bipolar disorder and healthy subjects. For
this purpose, 25 subjects with bipolar disorder with a history of at least two hospitalizations and with an MM®PI score
above 70 were randomly selected. Among the patients hospitalized in Tabriz Razi Hospital and 20 healthy subjects were
randomly selected, 5 cc of their peripheral blood was extracted using Dena Zist and Sina Cologne Rits, RNA was extracted
and then synthesized After quality measurement of cDNA using Oligo d1. After synchronizing, their expression of genes
was measured using specific primers and real-time PCR, The results revealed that the MMPI index in bipolar patients is
significantly higher than in healthy subjects. However, the relative expression of BONF and DRD4 genes in bipolar
patients decreased significantly (P-value<0.05). If it is proven in more samples, it can be used as a molecular marRer in
early and accessible screening of people prone to bipolar disorder.
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INTRODUCTION

Bipolar disorder, or manic~depression, is a type of mental disorder characterized by episodes of
depression, mania, and abnormal mood (Anderson and Haddad, 2012). If the patient's energy is
very high or accompanied by psychosis, it will be called mania, while if the intensity is low, it
will be called hypomania. Abnormal feelings and behaviors, irritability, grandiose delusions,
concentration disorder, and over-optimism are symptoms of mania. During this episode, the
patient mostly makes risky decisions without considering the consequences. The episode of
mania is accompanied by a lack of sleep. During depression, the patient finds a negative view of
his or her life (Goodwin, 2012). Sleep disorders, lack of self-confidence, fatigue, eating
disorders, and lethargy are symptoms of depression. The risk of suicide is almost high in bipolar
disorder patients, so during 20 years, 6% of patients died by suicide, and 30-40% reported
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suicide ideation. Bipolar disorder is mostly accompanied by substance abuse disorder and
anxiety disorder (Charney & Sklar, 2018).

Although the causes of bipolar disorder have not been clarified definitively, it is believed that
environmental and genetic factors are involved in this disorder. Several low-functioning genes
may be involved in this disorder. Genetic factors account for about 70-90% of the risk of
developing bipolar disorder (Grandi et al., 2016). However, more scientific studies are needed
regarding genetic factors. Genetics is one of the most probable and stable risk factors for bipolar
disorders. Its risk is 10 times greater on average in adult relatives of the patient with bipolar I
and bipolar II. The rate of risk increases with the degree of kinship. It seems that schizophrenia
and bipolar disorder probably have a common genetic origin, which is reflected in patients with
schizophrenia and bipolar disorder. Brain-Derived Neurotrophic Factor is coded by a gene called
BDNF, which affects the nervous system. Neurotrophins are a family of growth factors regulating
the survival, growth, differentiation, and maintenance of neurons in both the central nervous
system and the PNS (Bibel & Barde, 2000). Four types of neurotrophins, nerve growth factor
(NGPF), brain-derived neurotrophic factor (BDNF), neurotrophin-3 (NT-3), and neurotrophin-
4/5 (NT-4/5), have been identified and their functions in the nervous system have been
extensively investigated (IP et al., 1992). The multiple effects of different neurotrophins on
neurons can be attributed to their selective binding to two classes of receptors including Trk
(tyrosine kinase and receptor) and p75 neurotrophin (p75 NTR) family. NGF binding to Trka,

® BDN F, and NT-4/5 bonds to TrkB, NT-3 to TrkC, and all four neurotrophins bonds are associated

® with p75NTR (Barbacid, 1995). A few domestic and foreign studies have been conducted

regarding the role of these genes in bipolar disorder.

Male Mir (2011) examined the gene expression of dopamine receptors in patients with
schizophrenia. The expression of these genes on 17 blood samples of schizophrenic people was
examined by real-time PCR technique and compared with the results of blood samples of healthy
subjects. Moreover, a significant difference in the mRNA expression level of DRD 2, DRD 4,
DRD35, and BDNF genes was shown in patients and healthy subjects. However, no difference was
observed in mRNA expression levels of dat1 drd1 genes in healthy patients. The results revealed
that DRD 2, DRD 4, DRD5, and BDNF genes were related to schizophrenia. Fakharian Zadeh
and Shirvani Farsani (2020) investigated the level of expression of COX gene 2 in bipolar
patients. For this purpose, 50 patients with bipolar disorder were selected. Fifty subjects were
also considered as the control group, RNA was extracted from peripheral blood mononuclear
cells (PBMCQ), and then cDNA was synthesized using oligo dT. The expression level of the desired
genes was measured by real-time PCR and using specific primers for each gene. The expression
level of COX2 in the peripheral blood of patients with bipolar disorder and healthy subjects was
compared. They reported that COX2 expression decreased in patients with bipolar disorder.
Another study examined the expression of genes in bipolar disorders and DNA methylation in
the relationship between prodynorphin and brain-derived neurotrophic factor. In this study, 99
bipolar patients and 42 healthy subjects were examined. Gene expression analysis revealed that
prodynorphin (PDYN) mRNA levels were significantly reduced in subjects with BD-II. However,
such a reduction was not observed in subjects with BD-I compared to healthy subjects. Other
target genes (including catechol-O-methyltransferase (COMT), glutamate decarboxylase
(GADG67), and serotonin transporter (SERT) mRNA levels did not change significantly. Also, an



increase in DNA methylation in the PDYN gene promoter was observed in BD-II patients
compared to healthy subjects (Claudio et al. 2018).

Almeida et al. (2020) examined genetic differences between subtypes of bipolar disorder: a
systematic review focusing on bipolar II disorder. A protein-~protein interaction (PPI) network
was further made to identify potential hub genes. Ten co-~expression modules of the top 5000
genes were identified in 77 samples, and three modules were significantly associated with
bipolar. Four genes (NOTCH1, POMC, NGF, and DRD2) were identified as candidate hub genes
by PPI and CytoHubba analysis. Finally, NOTCH1 was reported as a hub gene and involved in
several biological processes such as actin filament-based process and axon development. In the
study by Kidnapillaei et al. (2021), microRNA putative target genes targeted the pathways they
were identified as "neuronal projection development" and "axonogenesis" to examine the effect
of the drugs used to treat bipolar disorder. Many of the target genes inhibited neurite growth
and neurogenesis and were decreased after combined drug treatment of bipolar disorder
(P<0.05). No study has been conducted to examine BDNF and DRD4 simultaneously in BMD
subjects research. Hence, the present study was conducted to examine the level of expression of
BDNF and DRD4 genes in bipolar subjects of Tabriz Razi Hospital and compare it with healthy
subjects, and assess the feasibility of its use in bipolar subjects as a reliable molecular marker.
Materials and Methods:

In this study, 25 subjects with bipolar disorder with a history of hospitalization at least twice
and with an MMPI score above 70 were randomly selected among the patients admitted to Razi
Hospital in Tabriz, and 20 healthy subjects were randomly selected. Then, 5 ccs of blood were
taken from their peripheral blood with prior consent using Dena Zist and Sina Cologne kit
protocols and RNA messenger. After quality measurement (absorption at 260 and 280 nm),
cDNA was synthesized from it using oligo dT and after synchronizing the expression rate of
genes, they were measured with specific primers by Real-Time PCR.

Results:

The analysis of the demographic results of the samples (Table 1) revealed that in Razi Hospital
in Tabriz, most of the patients were aged above 40 years and the same trend was observed in the
healthy subjects. Sixty percent of bipolar subjects had under diploma and most of the healthy
subjects had a university degree (Table 2).

The ratio of males to females was almost equal in individuals with bipolar disorder, while most
of the healthy subjects were male (Table 3). The mean age of the patients was about 45 years
and that of healthy subjects it was 46 years. Selected samples from Razi Hospital with bipolar
disorder o had at least 2 hospitalizations, had an MMFPI score above 80 in the medical records,
and were significantly different from healthy subjects (P value < 0.01). Among the bipolar
subjects, 20% had major depression, manic, and psychosis in addition to bipolar.

Table (1)~ Frequency distribution of age of patients and healthy subjects

Group
Age range
% (patients) % (healthy)
Below 25 years 12 15
25-40 24 25

40-60 64 60
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Group
Age range

% (patients) % (healthy)
Total 100 100

Table (2) frequency distribution of education level of patients and healthy subjects
Group
Education level

% (patients) % (healthy)
Under diploma 60 10
Diploma 28 30
University 12 60
Total 100 100

Table (3)- Frequency distribution of gender in patients and healthy subjects

Group
Gender % (patients) % (healthy)
Male 45.16 75
L Female 54.84 25
e Total 100 100
@ (
® ® Table (4)- Mean and standard deviation of age in patients and healthy subjects
® Group Mean SD
Patients 45.2 6.25
Healthy 46.55 5.656

DRD4 gene relative expression

The quality of cDNA synthesized from the mRNA extracted from the blood was measured using
nanodrop, and their values varied from 1.78 to 2.1, indicating the appropriate quality.
Moreover, the quality of the PCR of cDNA product was tested in gel electrophoresis, as shown in
Figure 1.
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Figure 1~ Electrophoresis results of real-time PCR product and cDNA

Figure 2~a and Figure 2-b show the graphical results of the relative expression of genes related
to DRD4 in the logarithmic phase of MT. The value of CT varied from 22 to 33. The lower value
of CT indicates the higher expression of the gene and vice versa.

The sharpness of the TM curve indicates the specificity of the respective gene amplification in o
Figure 2-a did not show the amplification specificity of the corresponding gene in Figure 2-a,

and peak indicates the expression of the DRD4 gene and the housekeeping gene GAPDH2.
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Figure 2 presents the CT and MT, and DRD4 relative expression in two groups of patients and
healthy subjects
Figure 2 presents the relative expression of the DRD4 gene in two groups of people with bipolar
disorder and healthy subjects. DRD4 gene expression was significantly decreased (P-value<.05).
BDNF gene relative expression
The CT and MT diagrams of the relative expression of genes of BDNF have been shown Figure
3-a and Figure 3-b show. The sigmoid shape of CT indicates the amplification of gene and
housekeeping gene, and the range of CT varied between 17 and 33. Each CT value represents a
2-fold change in expression. The sharpness of the TM diagram indicated the specificity of the

studied gene amplification using the primers of housekeeping genes and BDNF.

@
® CT in the samples as an amplification marker
@ ® 2 B:
I TM for the specificity of gene amplification in

real-time PCR

C:

Relative expression of the DRD4 gene in two
control and bipolar groups

Figure (3)- CT concentration diagram in samples and threshold line (a), TM diagram (b), and
BDNF relative expression in two groups of patients and healthy subjects

Based on Figure 3-c, which shows the BDNF relative gene expression in two groups of sick and
healthy subjects, the decrease in BDNF relative gene expression in subjects with bipolar was
significantly higher than in healthy subjects (P value<0.01), so this value was almost half of the
value in the healthy subjects. Pearson correlation between age, history, BDNF, DRD4, and MMPI
variables is presented in the table below.

Table 4~ Pearson correlation between the studied variables

Variable Age History BDNF MMPI
Age 1

History 0.1c4 1

BDNF -0.551* 0.671" 1




Variable Age History BDNF MMPI
MMPI 0.351 0.771* 0.769™*- 1
DRD4 0.351- 0.771* 0.769** 0.86"*-

**Significance at the 0.01 level * Significance at the 0.05 level

Based on Table 4, there was no direct and significant correlation between age and MMPI
(p>0.05). However, there was an inverse correlation between age with BNDF(r=~0.551) and
DRD 4 (r=-0.353). MMPI was significantly correlated with BDNF (-0.769), history (0.771), and
DRD4 (-0.86) (p<0.05; p<0.01).

Table (5) The relationship between the studied variables and the expression of the studied genes

Row Variable Mean Mean Sig
expression  of | expression  of
DRD4 BDNF
Gender Female 0.733 0.65 >0.05
Male .65 .69 Ns
T value 1.79 1.08
Marital Single 0.71 0.66 >.05
status Married 0.61 0.69 Ns
Divorced .63 0.64
F-value
1.43 .98
Literacy [lliterate 0.78 .66
Higher than the | .65 .68
secondary  level  of | .69 .68
education
T value

Statistical tests revealed no significant relationship between gender, marital status, literacy, and
the expression of studied genes (Table 5).

Discussion

This present study was conducted to compare the relative expression levels of BDNF1 and DRD4
genes in patients with bipolar disorder and healthy subjects. Evaluating the difference in
behavioral traits and expression levels of BDNF and DRD4 genes in bipolar patients of Razi
Tabriz hospital and comparing it with healthy subjects by t-test method indicated that the MMPI
index in bipolar subjects was more than 70 and it was significantly more than healthy subjects,
which was not unexpected. The subjects with this disorder have different traits, including
abnormal feelings and behaviors, elated, grandiose delusions, concentration disorder, over-
optimism, risky decisions without considering the consequences, lack of sleep (Goodwin, 2012),
lack of self-confidence, sleep and eating disorders, fatigue. The suicide risk is high among bipolar
disorder patients (Charney and Sklar, 2018).
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Bipolar disorder is a mental disorder characterized by episodes of depression, mania, and
abnormal mood (Anderson and Haddad, 2012). A patient with very high energy or with
psychosis is called mania. However, when its severity is low, it is called hypomania. The
difference between healthy subjects and bipolar patients in terms of BDNF gene expression was
examined by t-test and the results showed the level of BDNF gene expression was significantly
reduced in the bipolar patients. The causes of bipolar disorder might vary between individuals
and the exact mechanism of this disorder is unclear (Nierenberg et al., 2014).

Studies have referred to the role of genetic (Kerner, 2014) and environmental factors (Geddes &
Miklowitz, 2013; Young & Dulcis, 2015). Moreover, it is believed that genetic effects account
for 73-93% of the risk of developing the disorder, indicating a strong hereditary component
(Bobo, 2017). The overall heritability of the bipolar spectrum is estimated to be 0.71 (Edvardson
et al., 2008). Behavioral genetic studies have indicated that many chromosomal regions and
candidate genes are related to bipolar disorder susceptibility and each gene has a mild to
moderate effect (Kerner, 2014). Although the first finding of genetic linkage for mania was in
1969, the linkage studies have provided conflicting and inconsistent results (Barnett JH, &
Smoller, 2000). In other words, the findings strongly refer to heterogeneity. However, strong
and reproducible genome-wide associations have indicated that several common single
nucleotide polymorphisms (SNPs) are associated with bipolar disorder, including different types

@ of CACNAI1C, ODZ4, and NCAN genes (Craddock & Sklar, 2013; Kerner, 2014).
Moreover, the most recent genome-~wide association study regarding the role of genes reinforced
® ® the idea that no single gene is responsible for bipolar disorder in most cases (Craddock & Sklar,
o ® 2013). BDNF is a neurotrophic transcription factor whose expression has been reported to
() decrease in some mental disorders, including Alzheimer's, mania, and bipolar (Abassi et al.,

2020). Additionally, polymorphisms in BDNF, DRD4, DAO, and TPH1 were reported to be
associated with bipolar disorder (Seifuddin et al., 2012). Also, it was found that two
polymorphisms in TPHZ2 are associated with bipolar disorder (Young et al., 2019). A study by
Cheng et al. (2013) examined the expression of BDNF and DRD3 genes in bipolar disorder with
anxiety disorder (AD). The results revealed that DRD3 Ser9Gly polymorphism is associated with
comorbidity of BP-II with AD (BPII) +AD and BDNF Vale6Met polymorphism was associated
with comorbidity of BP-I with AD (BPI+AD).

The results of the study by Claudio et al. (2018) revealed that prodynorphin (PDYN) mRNA levels
were significantly reduced in BD-II subjects, but not in BD-I subjects compared to healthy
subjects. Lee et al. (2021) found 14 conditionally-independent genes in this study, 10 of which
were not previously involved with BD. There was a difference between DRD4 gene expression
levels in bipolar patients of Razi Hospital in Tabriz and healthy subjects. Based on the real-time
PCR test results in Figure (4) and the significant t-test result, the expression level of DRD4 was
reduced at the probability level of 5%. DRD4 is an energetic dopamine receptor subunit 4. In
this study, its expression was reduced in bipolar subjects. A reduction in its expression in
schizophrenia patients due to epigenetic factors and methylation of the promoter of the DRD1~
5 gene had been already reported (Male Mir 2011). Also, a change in its expression in major
depression has been confirmed (Aghazadeh et al. 2021). Since one pole in bipolar has a
depression phase, this result was in line with the results in depression.



Acknowledgment: none
Conflict of Interest: none
Funding: none

Ethical statements : none

References

Aghazadeh, V, Abolghasmi, A, and Zaefizadeh, M, Comparison of gene expression of
dopaminergic receptors as molecular markers in AD. Journal of neuropsychology. 1400. pp. 43~
58

Abbasi, Sh, Khaledi, N, and, Asghari, H (2020). Intense intermittent training changes the
expression of the BDNF gene in the hippocampus. Tabriz General Medical Journal, Issue 5, pp.
591-600

Male Mir, B, Keyvanloo, Rafee Rad, Z, Moazzez, R, Sadri, M, Zavarei, Z. Comparison of physical
health and thought-action fusion in obsessive~compulsive, bipolar and normal patients. Journal
of Cognitive Psychology and Psychiatry 2021; 8 (1): 147-159

Fakharian Zadeh, S, and Shirvani Farsani, Z, 2020, investigation of COX2 gene expression in
bipolar patients, the second national conference on new biological findings. 2020. Zahedan,
Abbasi F, Kimiaei A, Saffarian M, Abedi M. Evaluation of psychometric properties of the Persian
version of the physical health questionnaire. Research in medicine..2017 41 (4): 275 -281 .
Adu, M.K.; Eboreime, E.; Sapara, A.O.; Agyapong, V..O. The Use of Repetitive Transcranial

Magnetic Stimulations for the Treatment of Bipolar Disorder: A Scoping Review. Behav. Sci. ®,

2022, 12, 263. https://doi.org/10.3390/ bs12080263

Almeida, Priscila GC, et al. "Neuroinflammation and glial cell activation in mental
disorders." Brain, Behavior, & Immunity-Health 2 (2020): 100034.

Anderson IM, Haddad PM, Scott J. Bipolar disorder". BMJ (Clinical Research Ed.).2012. 345.
Barbacid M., Neurotrophic factors and their receptors, Curr. Opin. Cell Biol., 1995, 7, 148-155
Barnett, Jennifer H., and Jordan W. Smoller. "The genetics of bipolar
disorder." Neuroscience 164.1 (2009): 331-343.

Berry A., Bellisario V., Capoccia S., Tirassa P., Calza A., Alleva E., et al., Social deprivation stress
is a triggering factor for the emergence of anxiety- and depression-like behaviours and leads to
reduced brain BDNF levels in C57BL/6] mice, Psychoneuroendocrinology, 2012, 37, 762-772
Bibel M.,Barde Y.A., Neurotrophins: key regulators of cell fate and cell shape in the vertebrate
nervous system, Genes Dev., 2000, 14, 2919~ 2937

Bobo, William V. "The diagnosis and management of bipolar I and II disorders: clinical practice
update." Mayo Clinic Proceedings. 2017.Vol. 92. No. 10. Elsevier,

Chang, Yun-Hsuan, et al. "Genetic variants of the BDNF and DRD3 genes in bipolar disorder
comorbid with anxiety disorder." Journal of affective disorders 151.3 2013: 967-972.
Charney, A. & Sklar, P. Genetics of Schizophrenia and Bipolar Disorder". In Charney, Dennis;
Nestler, Eric; Sklar, Pamela; Buxbaum, Joseph (eds.). Charney & Nestler's Neurobiology of Mental
Illness (5th ed.).2018. New York: Oxford University Press.

Craddock N, Sklar P. Genetics of bipolar disorder. Lancet. 2013 May 11;381(9878):1654-62.
doi: 10.1016/80140-6736(13)60855-7. PMID: 23663951.




Orgiitsel Davranis Arastirmalari Dergisi

Journal of Organizational Behavior Research
Cilt / Vol.: 8, Say1 /' Is.: S, Yil/Year: 2023, Kod/ID: 2350-952

D'addario, Claudio, et al. "Regulation of gene transcription in bipolar disorders: Role of DNA
methylation in the relationship between prodynorphin and brain derived neurotrophic
factor." Progress in Neuro-Psychopharmacology and Biological Psychiatry 82. 2018: 314-321.
Edvardsen, Jack, et al. "Heritability of bipolar spectrum disorders. Unity or
heterogeneity?." Journal of affective disorders 106.3 2008: 229-240.

Geddes, J.R.; Miklowitz, D.J. Treatment of bipolar disorder. Lancet 2013, 381, 1672—-1682.
Goodwin, G.M. (2012). Bipolar disorder". Medicine. 40 (11): 596-598.

Grande I, Berk M, Birmaher B, Vieta E . "Bipolar disorder". Lancet. 387 (10027):2016. 1561—
1572.

Kerner, Berit. "Genetics of bipolar disorder." The application of clinical genetics 7 (2014): 33.
Kidnapillai, Srisaiyini, et al. "Drugs used in the treatment of bipolar disorder and their effects on
cholesterol biosynthesis—A possible therapeutic mechanism." The World Journal of Biological
Psychiatry 20.10 .2019: 766-777.

Liu, Xuesong, et al. "DRD4 (Dopamine D4 Receptor) Mitigate Abdominal Aortic Aneurysm via
Decreasing P38 MAPK (mitogen-activated protein kinase)/NOX4 (NADPH Oxidase 4) Axis—
Associated Oxidative Stress." Hypertension 78.2 .2021.: 294-307.

Nierenberg, Andrew A., et al. "Clinical and Health Outcomes Initiative in Comparative
Effectiveness for Bipolar Disorder (Bipolar CHOICE): a pragmatic trial of complex treatment for
a complex disorder." Clinical Trials 11.1.2014.: 114-127.

ry and BDNF in low and high exploratory mice, Physiol. Behav., 2011, 102, 475-480

® Scifuddin, Fayaz, et al. "Meta-analysis of genetic association studies on bipolar

disorder." American Journal of Medical Genetics Part B: Neuropsychiatric Genetics 159.5
.2012.: 508-518.

Yang C., Hu Y.M., Zhou Z.Q., Zhang G.F., Yang ].J., Acute administration of ketamine in rat’s
increases hippocampal BDNF and mTOR levels during forced swimming test, Ups. J. Med. Sci.,
2012, Epub ahead of print,

Yang, L.-L.; Zhao, D.; Kong, L.-L.; Sun, Y.-Q.; Wang, Z.-Y.; Gao, Y.-Y.; Li, N.; Lu, L.; Shi, L.; Wang,
X.-Y.; et al. High-frequency repetitive transcranial magnetic stimulation (rTMS) improves
neurocognitive function in bipolar disorder. J. Affect. Disord. 2019, 246, 851-856.

Young, Jared W., and Davide Dulcis. "Investigating the mechanism (s) underlying switching
between states in bipolar disorder." European journal of pharmacology 759 .2015: 151-162.



