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ABSTRACT

Suicide is a health problem in which the individual ends 
his/her life voluntarily. It is a phenotype composed of 
environmental and genetic factors. The suicidal tendency 
of the individual is due to bipolar disorder, schizophrenia, 
stress, etc. It is associated with psychological ailments. These 
are known as environmental factors. The suicidal tendency 
of the individual also depends on genetic factors. Serotonin 
and dopamine are neurotransmitters that directly affect 
human mood. The serotonergic system and dopaminergic 
system regulate serotonin and dopamine, respectively. 
The hypothalamic-pituitary-adrenal (HPA) axis is a 
neuroendocrine structure that regulates stress responses in 
the body and has a great impact on human psychology. The 
BDNF protein, also known as a brain-derived neurotrophic 
factor, provides neuronal development and growth and has 
an important role in the nervous system. n this article, the 
function of 5-HTT, TPH-1 and MAOA genes, which are some 
of the genes belonging to the serotonergic system, the 
COMT gene, which is one of the genes of the dopaminergic 
system, the FKBP5 and CRHBP genes belonging to the HPA 
axis, and the BDNF gene encoding the BDNF relationship has 
been examined.
Keywords: Brain-derived neurotrophic factor, dopaminergic system, 
genetics of suicide, HPA axis, serotonergic system, suicide.
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Approximately 1 million people end their own 
lives by suicide within a year. The proportion of suicide 
among all deaths is 1.5% and it enters the list at the 
10th place in causes of death. Many environmental 
factors cause suicide to occur. Important factors such 
as stress, schizophrenia, bipolar disorder, depression, 
alcohol and substance addiction, including childhood 
trauma, cause the individual to commit suicide. It is 
not possible to explain and understand suicide only 
with environmental factors. To truly understand the 
etiology and pathophysiology of suicide, it is necessary 
to examine the genetic factors that may cause suicide, 
and scientists have made their research on suicide 
based on genetic factors.[1,2] Many families, twin and 
patient-control studies were conducted in which 
comparative genotypes were examined. The general 
purpose of these studies is to observe whether there 
is a difference between the genotypes of individuals 
with suicidal tendencies and individuals who do 
not. Although negative and positive results were 
obtained in studies, generally positive results were 
obtained in studies in which environmental factors, 
bipolar disorder, stress, etc. were included. While 
investigating the genetic factors underlying suicide, 
scientists especially benefited from the genetic 
factors underlying the development of psychological disorders. Serotonin and Dopamine systems in which 

neurotransmitter substances, which are involved in 
the neural activities of humans and can directly affect 
the mental state of the human, and the genes that 
regulate the activity and activity of these substances 
were used for research purposes. The serotonergic 
system is one of the oldest known neurotransmission 
systems. Besides, serotonin is a monoamine 
neurotransmitter and due to the regulatory role 
of serotonin in human mood, candidate genes of 
this system that may be associated with suicide 
have been the most used genes in suicide studies. 
In this study, the genes that are related to suicide 
and belong to the serotonergic system are TPH-1, 
MAOA and 5-HTT genes.[1,3] Dopaminergic system 
is an important system that studies investigating 
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the relationship of another suicide with genetics. 
The dopaminergic system provides the synthesis 
and secretion of dopamine, a neurotransmitter. 
Dopamine has a very effective role, especially in 
the brain part of the body. Dopamine underlies 
pleasure and motivational behavior. The gene under 
the dopaminergic system and examined in this article 
is the COMT gene.[1,4] The HPA axis has been another 
system that has attracted the attention of studies 
conducted to examine the genetic background of 
suicide. The HPA axis regulates the homeostatic 
systems, immune system and metabolic system in the 
body and is a neuroendocrine system that secretes 
hormones depending on the stress level in the body. 
It regulates the cortisol level in the body. The genes 
of the HPA axis examined in this article are FKBP5 
and CRHBP genes.[1,5,6] Another gene examined in the 
article is the Brain-derived neurotrophic factor (BDNF) 
gene, which encodes the hormone BDNF. BDNF 
hormone is particularly effective in the development 
and function of neurons. It has an important place in 
the efficiency of learning and memory actions in the 
brain.[1,7,8] In this article, the functions of BDNF, FKBP5, 
CRHBP, TPH-1, MAOA, 5-HTT and COMT genes, their 
relationship with other psychological disorders and 
suicidal tendency, and important studies questioning 
the existence of this relationship are reviewed.

TPH-1 GENE
The TPH-1 gene is located on human chromosome 

11, containing 11 exons in situ and encoding 
Tryptophan Hydroxylase.[9] It acts as a regulation in 
the serotonergic system and synthesizes serotonin. 
Serotonin is a neurotransmitter with a monoamine 
structure. It is known that when it is secreted in 
the human brain, it creates a feeling of happiness 
and vitality. Also, low serotonin activity can lead 
to mental and psychological disorders such as 
depression, fatigue, and stress.[3,10] Since the TPH-1 
gene synthesizes serotonin, research has been carried 
out on its association with psychological disorders. 
Serotonin directly affects the mental states of people. 
The TPH-1 gene synthesizing serotonin has led to the 
idea that this gene is associated with psychological 
disorders. For this reason, studies have been 
conducted to find a relationship between the TPH-1 
gene and suicidal tendency. In a study conducted 
on 51 Caucasian individuals, it was observed 
whether the TPH-1 gene was associated with suicidal 
tendency. Analyzes have shown that there is a strong 
relationship between the TPH-1 gene and suicidal 
tendency. In other words, it has been observed that 
genes involved in the serotonergic system such as the 

TPH-1 gene increase the risk of suicide in individuals 
with depression.[11] In another study, the effect of 
the TPH-1 gene on suicidal tendency was examined 
on 343 Caucasian, African-American and Spanish 
individuals. The results showed that the TPH-1 gene 
may play a role, but not necessarily.[12] The results of 
the meta-analysis including 37 articles examining the 
relationship between TPH-1 and TPH-2 genes suicidal 
tendency showed that there is a positive correlation 
between TPH-1 gene and suicidal tendency.[13]

In a study conducted on 810 Chinese individuals 
(329 non-suicidal individuals, 297 suicidal individuals 
and 184 healthy individuals), it was investigated 
whether the haplotypes of the TPH-1 gene affected 
suicidal tendency. The results of research conducted 
in Han Chinese have shown that the TPH-1 gene 
and its haplotypes may play an effective role in the 
etiology of their psychological disturbances.[10] In 
contrast to these studies, a study in the Mexican 
population did not observe an effective association 
between variants of the TPH-1 gene and suicidality.[14]

MAOA GENE
The MAOA gene is the gene that encodes the 

mitochondrial enzyme complex MAO-A (Monoamine 
Oxidase), which is located on the X chromosome and 
catalyzes structures such as dopamine and serotonin 
belonging to the amine group.[15,16] The effect of the 
MAOA gene and its polymorphisms on substances 
such as serotonin and dopamine, which directly 
affect psychological and biological events, has led 
to the idea that this gene may play a role in the 
etiology and genetic infrastructure of psychological 
disorders. For example, antisocial and aggressive 
behaviors are alcohol and nicotine addiction.[17] 
Besides, mutations that may occur in the MAOA 
gene also lead to Brunner syndrome, whose effects 
such as mental retardation are observed.[18]

Changes in the activity of the MAOA gene 
are associated with psychological disturbances. 
Low levels of MAOA gene activity result in high 
levels of serotonin secretion. This situation leads 
to nicotine and alcohol addictions and can cause 
mood disorders, aggressive and antisocial behaviors, 
etc.[19] Genotypes of 96 women and 95 men were 
studied to investigate whether the methylation of 
the MAOA gene is associated with nicotine and 
alcohol addiction. The results showed that there is 
a positive correlation between nicotine and alcohol 
addiction in women and the MAOA gene, but not in 
men. There are many reasons for the effect of sexual 
difference on the results, but the most striking one 
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is that the epigenetic regulation that occurs in men 
and women may be different.[15] Also, it has been 
observed that MAOA activity is low in cigarette 
addicts.[20] According to a study of transgenic mice, 
it was observed that male mice with the low and 
insufficient activity of the MAOA gene exhibited 
changes in serotonin metabolism and a high degree 
of aggressiveness.[16] In contrast to these studies, the 
relationship of the MAOA gene with alcohol addiction 
and antisocial personality was investigated in 129 
Han Chinese individuals. (Among 129 individuals, 
41 have alcoholic and antisocial personality, 50 have 
antisocial personality but not alcoholic and 38 are 
control group who do not show both ailments). 
According to the results of the study, no significant 
relationship was observed between the MAOA gene 
and polymorphisms and alcohol addiction and 
antisocial personality.[21]

After the MAOA gene is associated with 
psychological disorders, many studies have been 
conducted to examine its relationship with suicidal 
tendency. In summary, these studies could not 
observe a direct and effective relationship between 
the MAOA gene and suicidal tendency. For example, 
in a study of 199 Italian individuals, no relationship 
was found between the MAOA gene and suicidal 
tendency.[22] In another example, research on 
Japanese suicide victims showed that the MAOA-
uVNTR polymorphism did not affect suicide.[23] 

Although a weak relationship was found in some 
studies, this relationship was considered insufficient 
to show the relationship between the MAOA gene 
and suicidal tendency.[24]

There has been a study in which Du et al.[25] 
Group experimented with 44 suicide victims and 
showed positive results in this regard. Overall, studies 
have not shown a sufficient association between the 
MAOA gene and suicidality.

5-HTT GENE
The 5-HTT gene is located on human chromosome 

17, encodes the 5-HTT or SERT protein, also known as 
the serotonin transporter, and regulates the activity of 
serotonin found in synapses. Neurons communicate 
with each other with neurotransmitter substances 
such as serotonin and dopamine. The 5-HTT protein 
constantly regulates serotonin and regulates the 
reuptake of serotonin (5-HT). Many studies have 
shown that changes in serotonin metabolism can 
have an impact on psychological disorders. For 
example, the 5-HTTLPR variant, a variant of the 
polymorphism found in the promoter region of the 

5-HTT gene and the 5-HTT gene, has been associated 
with many psychological disorders.[26-28]

The research was conducted on 191 Japanese 
patients, 142 of whom were bipolar and 49 of whom 
were unipolar, to see if there was a positive correlation 
between 5-HTTLPR polymorphism and bipolar 
disorder. 212 healthy Japanese individuals were used 
as a control group in the study. In the results, no 
effective relationship was observed between the 
5-HTTLPR polymorphism and bipolar disorder.[29] The 
results of the study conducted by Collier and his 
group to investigate the role of the activity of the 
5-HTT gene in emotional disorders and in which 
454 patients with bipolar and unipolar disorder were 
used as the patient group and 570 healthy individuals 
as the control group, the results of the study that the 
5-HTT gene and polymorphism (5-HTTLPR) affected 
emotional disorders. showed.[30] The results of a 
study conducted in Japan showed that there is no 
relationship between 5-HTTLPR polymorphism and 
alcohol addiction.[31] The results of the meta-analysis 
conducted by Feinn et al.[32] Including 17 studies have 
shown that alcohol dependence and the short variant 
of the 5-HTTLPR polymorphism are associated with it.

After the role of serotonin in other psychological 
disorders and the important role of serotonin in 
mental disorders have been demonstrated in general, 
studies have been conducted to question whether 
the 5-HTT gene will also affect suicidal tendency. It 
was observed whether there is a relationship between 
5-HTTLPR polymorphism and suicidal tendency in 
306 substance-addicted African-American males. 
132 healthy male individuals were used as the 
control group. In the results, it was observed that 
5-HTTLPR interacts with childhood traumas and 
increases the risk of suicide.[33] Childhood trauma can 
be considered an environmental factor. Decreases in 
5-HTT expression levels are effective in suicidality.[34] 
In a meta-analysis including 39 studies, an effective 
relationship between the 5-HTT gene and 5-HTTLPR 
polymorphism and suicide was observed.[26] Arató 
et al.[35] Conducted the first study to observe the 
displacement of 5-HTT attachment sites in suicide 
victims. In another study, the L allele of the 5-HTT 
gene was observed to be higher in suicide victims. [36] 
Chong et al.[37] Examined the relationship between 
5-HTTLPR polymorphism and suicide attempts on 
individuals with schizophrenia and could not observe 
an effective relationship. In the results of the meta-
analysis of Lin and his group including 18 studies, 
no relationship was observed between 5-HTTLPR 
and suicidal tendency. A relationship was observed 
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between the S allele of the 5-HTT gene and suicidal 
tendency.[38]

As a result, the 5-HTT gene and its variants have 
been associated with psychological disturbances and 
suicidal tendencies according to many studies, but 
many studies are required for strong results.

COMT GENE
The COMT gene is located on human 

chromosome 22 and encodes the enzyme Catechol-
o-methyltransferase. COMT is responsible for the 
catabolism of dopamine and noradrenaline in 
the brain.[39] COMT inactivates catecholamines. 
Abnormalities in catecholamine transmission are 
thought to cause alcohol and substance addiction 
and schizophrenia.[40]

COMT gene has val and met alleles, and the 
activation of these alleles can affect the human 
mental state. For example, a meta-analysis including 
17 studies of 2,370 individuals was conducted to 
observe whether there is a relationship between 
Val158Met, which is the polymorphism of the COMT 
gene, and the tendency to violence in individuals 
with schizophrenia. 15 of 17 studies were used in the 
study. The results showed a tendency to violence 
in men with schizophrenia who had a low activity 
of the Met allele. This relationship was not found 
in women.[39] Schizophrenia is a genetic disorder 
based on an imbalance of neurotransmitters and 
catecholamines (dopamine, epinephrine). It has 
been suggested that schizophrenia is caused by 
the inability of dopamine communication between 
cells to function. The results of the study conducted 
by the Genetics Department of Delhi University to 
examine the relationship between the COMT gene 
and schizophrenia on North Indian individuals 
with schizophrenia could not detect an effective 
relationship between the pair, but it was emphasized 
that the COMT gene could have an effect on 
schizophrenia and that more studies should be 
conducted.[41] In a study based on families, an effective 
increase in transmission of the Val allele was observed 
in individuals with schizophrenia. Therefore, it has 
been concluded that the efficiency of the Val allele of 
the COMT gene increases the risk of schizophrenia.[42] 
In a study examining whether the COMT gene has a 
relationship with schizophrenia, haplotype analysis 
of the COMT gene was performed. In haplotype 
analyzes, 7 COMT haplotypes were associated with 
schizophrenia.[43] The relationship of the COMT gene 
with alcohol addiction has been supported by the 
study of Tiihonen and his group. It has been reported 

that the L allele is more common in individuals with 
alcohol dependence.[44]

After the COMT gene has been found to affect 
serious psychological disorders such as schizophrenia, 
many studies have been conducted to observe the 
relationship between the COMT gene and suicidal 
tendency. In a study conducted with schizophrenic 
individuals, an effective interaction was observed 
between the L allele of the COMT gene and suicidal 
tendency. It has been observed that the L allele of the 
COMT gene is common in schizophrenic individuals 
who have attempted suicide, but these results have 
been observed effectively in men. This is not the 
case for women.[45] In the results of the meta-analysis 
including 14 studies (2353 suicidal individuals and 
2593 healthy individuals), no effective relationship 
was observed between COMT Val158Met, which is 
the polymorphism of the COMT gene, and suicidal 
tendency. There is an interesting detail presented 
by the results of this study. An effective relationship 
has been observed between COMT Val158Met 
and suicidal tendency in women. The relationship 
between COMT Val158Met and suicidal tendency 
investigated in the study may differ depending 
on the gender factor.[46] A study was conducted to 
question whether there is a relationship between 
COMT val158met, a polymorphism type of the COMT 
gene, and suicidal tendency in 105 Mexican patients. 
236 Mexican healthy individuals were also used 
as a control group. No effective relationship was 
found between the two in the results. Also, no 
correlation was found in the results of the meta-
analysis including 12 studies.[47] Another study aimed 
to find the relationship between the COMT gene and 
suicidal tendency. The study was conducted on 258 
individuals with emotional disorders and childhood 
maltreatment was used as an environmental factor. 
Results revealed a relationship between the COMT 
gene and suicidal tendency. It was thought that 
childhood maltreatment and traumas, which are 
considered as an environmental factor of suicide, 
interact with the COMT gene and increase the risk of 
attempting suicide in the following years.[48]

CRHBP GENE
CRHBP is a gene located on the human 5th 

chromosome and encodes corticotropin-secreting 
factor binding protein. It is involved in the regulation 
of the HPA axis and plays a role in the synthesis and 
secretion of proopiomelanocortin derived peptides. 
Changes in the HPA system are thought to play a 
role in the development of psychological disorders 
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such as schizophrenia, aggression and stress. The 
fact that the CRHBP gene is a gene belonging to 
the HPA system makes it reasonable to associate 
the changes in the expression level of this gene 
with psychological disturbances.[49-51] For example, 
a study was conducted to answer the question of 
why male mice tolerate stress more than female 
mice. This difference in behavior is striking because 
the same number of cells with the same functions 
have been found in male and female brains. When 
the CRHBP gene was observed to reduce the stress 
levels in the brain of mice, this gene and related 
hormones were investigated. It has been observed 
that neurons associated with the oxytocin hormone 
stimulate the production of CRHBP. Subsequently, 
CRHBP has been observed to increase the stress 
level in the body by stimulating the CRH hormone. 
To examine the neuronal activities of the oxytocin 
hormone, the stress levels of the mice were examined 
through the responses of the associated neurons in 
the mice brain. The results provided a logical answer 
to the question posed. The answer lies in the low 
CRH level in males and high CRH levels in females. 
Since the CRH level in females is very high, the CRH 
level cannot be effective enough to cause a change 
in the stress level, but the efficiency of CRHBP may 
be more effective because the CRH level in males is 
low. While this answer explains why men can tolerate 
stress more, it also answers the difference in behavior 
between the two genders.[52,53]

The direct relationship of the CRHBP gene with 
stress has led scientists to answer the question of 
whether the activity of this gene is associated with 
suicidality. According to the results of the study 
conducted among 231 individuals with schizophrenia, 
81 of who attempted suicide, and which is the first 
study investigating the role of the HPA axis in suicidal 
tendency; An effective relationship was observed 
between the CRHBP gene and suicidal tendency. It 
was also observed whether the relationship of the 
CRHBP gene with other genes of the HPA system 
affects the suicidal tendency. This research has shown 
that the combination of CRHBP and CRHR1 genes 
may play a role in suicidality and that future studies 
should be on this duo. Also, a positive correlation 
was observed between the CRHBP gene and 
suicidal tendency when the genotypic comparison 
of individuals with and without suicidal tendencies 
was made between the CRHBP gene and suicidal 
tendency.[49] The research of Merali and his group 
observed that the mRNA expression of CRHBP did not 
change in the frontal complex regions of individuals 
who killed themselves by suicide.[54]

It has been observed that the activity of the CRH 
gene is high in depressive suicide victims.[55] Besides, 
Roy and the group observed that the relationship 
between the FKBP5 gene and the CRHBP gene 
interacted with childhood trauma and increased 
the risk of suicide.[56] It has also been revealed that 
epigenetic changes in the CRH gene are associated 
with suicide. Research conducted among 88 people 
who attempted suicide showed that these epigenetic 
changes showed a positive correlation between the 
methylation and expression of the CRH gene and 
suicidal tendency.[50]

 FKBP5 GENE
FKBP5 gene is located on the human 5th 

chromosome. The FKBP5 gene encodes and regulates 
glucocorticoids, which are steroid hormones secreted 
in the body during stress. The largest example of 
glucocorticoids is cortisol. The mechanism takes 
place as follows; Cortisol is secreted in the body in 
response to stress in case of stress. Cortisol enters the 
cell and binds to GR, also known as the Glucocorticoid 
receptor. NR3C1 gene encodes GR and FKBP5 protein 
regulates GR. Glucocorticoids can thus show their 
effects in the body and develop a response. The 
FKBP5 gene also plays a role in immunoregulation. 
High levels of FKBP5 mRNA expression and high 
levels of cortisol production in the body have been 
associated with psychological disturbances.[57,58]

The FKPB5 gene has been associated with 
many stress-related neuropsychiatric disorders. For 
example, in studies on why aging-related diseases 
develop worse in depressed and stressed individuals, 
it has been observed that the expression level of the 
FKBP5 gene is higher because aging decreases the 
methylation level of the FKBP5 gene. Childhood 
traumas have a large and long-lasting effect on the 
activity of the FKBP5 gene. Epigenetic regulation 
of this gene is worse in depressed and stressed 
individuals.[60] Childhood traumas were thought to 
cause changes in the HPA axis. For this reason, it 
is thought that the FKBP5 gene and its variants 
may change the effects of childhood trauma on 
humans, and the results of the study showed 
that this inference may be correct.[58] A study was 
conducted to examine the relationship between the 
methylation level of the FKBP5 gene and childhood 
maltreatment. Research has shown that low-level 
methylation of the FKBP5 gene is associated with 
childhood maltreatment. Also, this study may lead 
to the explanation of disorders in the HPA axis and 
dysfunction of the neuroendocrine.[61] In a study 
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conducted to investigate the relationship of the 
FKBP5 gene with post-traumatic mental disorders 
and including 237 Han Chinese individuals who lost 
their children, a positive correlation was observed 
between the FKBP5 gene and post-traumatic mental 
disorders.[62]

According to the meta-analysis including 14 
studies on the relationship between the FKBP5 gene 
and its variants with depression until 2017, it has 
been explained that an effective relationship was 
observed between the FKBP5 gene and depression. 
In addition, it was thought that the FKBP5 gene 
could lead not only to depression but also to many 
behavioral disorders.[63] Research has been conducted 
on patients with schizophrenia and bipolar disorder 
to examine whether rs3800373, a variant of the 
FKBP5 gene, is associated with schizophrenia and 
bipolar disorder. An adequate relationship was not 
observed in the study.[63] Research conducted to 
examine the association of variants of the FKBP5 
gene with bipolar disorder in patients with bipolar 
disorder with variants of the FKBP5 gene (rs4713902, 
rs7757037, rs9296158, rs3800373, and rs9380525) has 
provided very strong evidence of the existence of the 
association.[64]

After the relationship with psychological 
disorders was observed, the possibility of the FKBP5 
gene's effect on suicidal tendency was seen as 
a great potential, and many studies have been 
conducted. For example, a study was conducted on 
219 Japanese suicide victims to find out whether 
the genes involved in FKBP5 and HPA axis affect the 
suicidal tendency. 228 Japanese healthy persons 
were taken as the control group. The victims killed 
themselves in many ways. For example, excessive 
medication use, jumping from a height and burning 
yourself. In the results, an effective interaction was 
observed between the haplotypes of the FKBP5 
gene and suicidal tendency, but the study could 
not detect the effect of polymorphisms of the 
FKBP5 gene on the suicidal tendency.[65] One of 
the biggest factors affecting suicidal tendencies 
is childhood trauma and the FKBP5 gene has a 
significant effect on childhood trauma. Due to this 
notion, it is thought that the FKBP5 gene may 
affect suicidal tendency. In this study, the FKBP5 
gene and childhood trauma were taken together 
as gene-environment interaction and its effect 
on suicidal tendency was investigated. Substance 
addicts attempted suicide, and the results of a study 
conducted on patients who were not addicted but 
in need of treatment showed that the FKBP5 gene 

interacted with childhood traumas and increased 
the risk of suicide.[66] A review article supported 
the relationship between the FKBP5 gene and its 
variants with suicidal tendencies.[67]

BDNF GENE
The BDNF gene belongs to the neurotrophin 

growth factor family and is located on the 11th 
chromosome of the human and encodes the protein-
BDNF. Neurotrophins are growth factors and also 
adjust the strength of synaptic connections and 
neurotransmission. It also regulates the plasticity 
structure of the brain, which means the ability to 
make connections.[68] The BDNF gene plays a role in 
physiological and neuronal functions and synaptic 
plasticity in the brain. Since increases and decreases 
in the expression level of the BDNF gene are directly 
related to physiological functions in the brain, it 
has been thought to be related to psychological 
disorders.[68] For example, it has been observed that 
the transfer of the recombinant BDNF gene to the 
brain of mice results in an antidepressant effect in 
the brain. In addition, the activity of the BDNF gene 
has been associated with stress and depression, 
according to studies.[69]

Stress and depression are among the important 
reasons why suicidal individuals show this action. 
Therefore, studies have been conducted to show that 
the BDNF gene may be associated with suicidality. 
In a study, BDNF gene levels in the blood cells of 
depressed individuals who had attempted suicide 
and BDNF gene levels in the blood cells of healthy 
individuals who were depressed and taken as a 
control group were examined.[67] They observed 
that BDNF gene levels in Kim and her group blood 
cells were significantly lower in individuals who had 
attempted suicide.[70]

Autopsy studies are available on the brain tissues 
of individuals who have committed suicide. The 
general purpose of these studies was to examine the 
expression levels of the BDNF gene in the prefrontal 
cortex (PFC) and hippocampus of individuals who 
committed suicide. It was found that individuals who 
killed themselves by suicide had low mRNA levels of 
the PFC and BDNF gene in the hippocampus. These 
findings showed that there is a correlation between 
the low-level BDNF gene and suicidal tendency.[68] 
A similar study to these studies was conducted by 
Karege et al.,[71] But no change was found in the 
entorhinal cortex.[68] These results may indicate that 
the decrease in the BDNF gene may only be related 
to brain regions related to cognition and emotion. 
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Another issue is whether the sex change will have 
an impact on the BDNF gene level. According to the 
results of the study of Kozicz and his group, it was 
observed that the expression level of the BDNF gene 
was low in males who had a suicidal tendency and 
high in females.[68,72]

The Val66Met polymorphism of the BDNF gene 
regulates human cortical plasticity.[68] In a study 
conducted on individuals with Chinese bipolar 
disorder, the Val66Met polymorphism of the 
BDNF gene could not be found to be associated 
with suicidal tendency.[70] According to the study 
conducted by Kim and his group on Korean 
individuals, a correlation was observed between 
the Val/Val genotype between Val/Val, Val/Met and 
Met/Met genotypes and suicidal tendency in bipolar 
patients.[68,70,73] Many studies supporting the role of 
the BDNF gene in suicidal tendencies were observed. 
has been made. These studies have shown that there 
is a positive correlation between the BDNF gene and 
suicidal tendency.

In conclusion, studies have been conducted 
to examine the relationship between many genes 
thought to be associated with suicide and suicidal 
tendency. Most of the studies confirm the efficacy 
of candidate genes on the suicidal tendency. It has 
been observed that studies involving environmental 
factors have achieved more successful results. Based 
on this, it is suggested that future studies examine 
the effectiveness of a candidate gene on suicidal 
tendencies include environmental factors, childhood 
trauma, schizophrenia, bipolar disorder, alcohol and 
substance abuse. Finally, besides examining the 
effect of variants and polymorphism of a gene on 
suicidal tendency, studies that examine the effects 
of the interaction of that gene with another gene on 
suicidal tendency are also recommended.

Declaration of conflicting interests
The authors declared no conflicts of interest with 

respect to the authorship and/or publication of this article.

Funding
The authors received no financial support for the 

research and/or authorship of this article.

REFERENCES
1. Zai CC, de Luca V, Strauss J,Tong P. Ryan, Sakinofsky I, 

Kennedy L J. Genetic Factors and Suicidal Behavior. In: 
Dwivedi Y, editor. The Neurobiological Basis of Suicide. 
Chapter 11. Boca Raton (FL): CRC Press/Taylor & Francis; 
2012. Available from:https://www.ncbi.nlm.nih.gov/
books/NBK107191/

2. Pandey GN. Biological basis of suicide and suicidal 
behavior. Bipolar Disord 2013;15:524-41. 

3. Young SN. How to increase serotonin in the human brain 
without drugs. J Psychiatry Neurosci 2007;32:394-9. 

4. Berridge KC. The debate over dopamine’s role in reward: 
The case for incentive salience. Psychopharmacology 
(Berl) 2007;191:391-431.

5. Stephens MA, Wand G. Stress and the HPA axis: Role 
of glucocorticoids in alcohol dependence. Alcohol Res 
2012;34:468-83. 

6. Smith SM, Vale WW. The role of the hypothalamic-
pituitary-adrenal axis in neuroendocrine responses to 
stress. Dialogues Clin Neurosci 2006;8:383-95. 

7. Yamada K, Nabeshima T. Brain-derived neurotrophic 
factor/TrkB signaling in memory processes. J Pharmacol 
Sci 2003;91:267-70. 

8. Acheson A, Conover JC, Fandl JP, DeChiara TM, Russell M, 
Thadani A, et al. A BDNF autocrine loop in adult sensory 
neurons prevents cell death. Nature 1995;374:450-3.

9. Zaboli G, Gizatullin R, Nilsonne A, Wilczek A, Jönsson 
EG, Ahnemark E, et al. Tryptophan hydroxylase-1 gene 
variants associate with a group of suicidal borderline 
women. Neuropsychopharmacology 2006;31:1982-90. 

10. Liu X, Li H, Qin W, He G, Li D, Shen Y, et al. Association of 
TPH1 with suicidal behaviour and psychiatric disorders in 
the Chinese population. J Med Genet 2006;43:e4. 

11. Mann JJ, Malone KM, Nielsen DA, Goldman D, Erdos J, 
Gelernter J. Possible association of a polymorphism of 
the tryptophan hydroxylase gene with suicidal behavior 
in depressed patients. Am J Psychiatry 1997;154:1451-3. 

12. Galfalvy H, Huang YY, Oquendo MA, Currier D, Mann JJ. 
Increased risk of suicide attempt in mood disorders and 
TPH1 genotype. J Affect Disord 2009;115:331-8. 

13. González-Castro TB, Juárez-Rojop I, López-Narváez ML, 
Tovilla-Zárate CA. Association of TPH-1 and TPH-2 gene 
polymorphisms with suicidal behavior: A systematic 
review and meta-analysis. BMC Psychiatry 2014;14:196.

14. López-Narváez ML, Tovilla-Zárate CA, González-
Castro TB, Juárez-Rojop I, Pool-García S, Genis A, et al. 
Association analysis of TPH-1 and TPH-2 genes with 
suicidal behavior in patients with attempted suicide in 
Mexican population. Compr Psychiatry 2015;61:72-7.

15. Philibert RA, Gunter TD, Beach SR, Brody GH, Madan 
A. MAOA methylation is associated with nicotine and 
alcohol dependence in women. Am J Med Genet B 
Neuropsychiatr Genet 2008;147B:565-70. 

16. Cases O, Seif I, Grimsby J, Gaspar P, Chen K, Pournin S, 
et al. Aggressive behavior and altered amounts of brain 
serotonin and norepinephrine in mice lacking MAOA. 
Science 1995;268:1763-6. 

17. Williams RB, Marchuk DA, Gadde KM, Barefoot JC, 
Grichnik K, Helms MJ, et al. Serotonin-related gene 
polymorphisms and central nervous system serotonin 
function. Neuropsychopharmacology 2003;28:533-41. 

18. Hunter P. The psycho gene. EMBO Rep 2010;11:667-9. 
19.  Bondy B, Buettner A, Zill P. Genetics of suicide. Mol 

Psychiatry 2006;11:336-51. 



25Suicide-Related Genes

20. Berlin I, Anthenelli RM. Monoamine oxidases and 
tobacco smoking. Int J Neuropsychopharmacol 
2001;4:33-42.

21. Lu RB, Lin WW, Lee JF, Ko HC, Shih JC. Neither antisocial 
personality disorder nor antisocial alcoholism is 
associated with the MAO-A gene in Han Chinese males. 
Alcohol Clin Exp Res 2003;27:889-93. 

22. Gerra G, Garofano L, Bosari S, Pellegrini C, Zaimovic A, 
Moi G, et al. Analysis of monoamine oxidase A (MAO-
A) promoter polymorphism in male heroin-dependent 
subjects: Behavioural and personality correlates. J Neural 
Transm (Vienna) 2004;111:611-21.

23. Ono H, Shirakawa O, Nishiguchi N, Nishimura A, 
Nushida H, Ueno Y, et al. No evidence of an association 
between a functional monoamine oxidase a gene 
polymorphism and completed suicides. Am J Med 
Genet 2002;114:340-2. 

24. Ho LW, Furlong RA, Rubinsztein JS, Walsh C, Paykel 
ES, Rubinsztein DC. Genetic associations with clinical 
characteristics in bipolar affective disorder and 
recurrent unipolar depressive disorder. Am J Med Genet 
2000;96:36-42. 

25. Du L, Faludi G, Palkovits M, Sotonyi P, Bakish D, 
Hrdina PD. High activity-related allele of MAO-A gene 
associated with depressed suicide in males. Neuroreport 
2002;13:1195-8. 

26. Li D, He L. Meta-analysis supports association between 
serotonin transporter (5-HTT) and suicidal behavior. Mol 
Psychiatry 2007;12:47-54. 

27. Porcelli S, Drago A, Fabbri C, Gibiino S, Calati R, Serretti 
A. Pharmacogenetics of antidepressant response. J 
Psychiatry Neurosci 2011;36:87-113. 

28. Margoob MA, Mushtaq D. Serotonin transporter gene 
polymorphism and psychiatric disorders: Is there a link? 
Indian J Psychiatry 2011;53:289-99. 

29. Kunugi H, Hattori M, Kato T, Tatsumi M, Sakai T, Sasaki 
T, et al. Serotonin transporter gene polymorphisms: 
Ethnic difference and possible association with bipolar 
affective disorder. Mol Psychiatry 1997;2:457-62. 

30. Collier DA, Stöber G, Li T, Heils A, Catalano M, Di Bella 
D, et al. A novel functional polymorphism within the 
promoter of the serotonin transporter gene: Possible role 
in susceptibility to affective disorders. Mol Psychiatry 
1996;1:453-60. 

31. Matsushita S, Yoshino A, Murayama M, Kimura M, 
Muramatsu T, Higuchi S. Association study of serotonin 
transporter gene regulatory region polymorphism and 
alcoholism. Am J Med Genet 2001;105:446-50. 

32. Feinn R, Nellissery M, Kranzler HR. Meta-analysis of 
the association of a functional serotonin transporter 
promoter polymorphism with alcohol dependence. Am 
J Med Genet B Neuropsychiatr Genet 2005;133B:79-84.

33. Roy A, Hu XZ, Janal MN, Goldman D. Interaction 
between childhood trauma and serotonin transporter 
gene variation in suicide. Neuropsychopharmacology 
2007;32:2046-52.

34. Arango V, Underwood MD, Boldrini M, Tamir H, Kassir 
SA, Hsiung S, et al. Serotonin 1A receptors, serotonin 

transporter binding and serotonin transporter mRNA 
expression in the brainstem of depressed suicide victims. 
Neuropsychopharmacology 2001;25:892-903.

35. Arató M, Tekes K, Tóthfalusi L, Magyar K, Palkovits M, 
Demeter E, et al. Serotonergic split brain and suicide. 
Psychiatry Res 1987;21:355-6.

36. Du L, Faludi G, Palkovits M, Demeter E, Bakish D, Lapierre 
YD, et al. Frequency of long allele in serotonin transporter 
gene is increased in depressed suicide victims. Biol 
Psychiatry 1999;46:196-201. 

37. Chong SA, Lee WL, Tan CH, Tay AH, Chan AO, Tan EC. 
Attempted suicide and polymorphism of the serotonin 
transporter gene in Chinese patients with schizophrenia. 
Psychiatry Res 2000;97:101-6. 

38. Lin PY, Tsai G. Association between serotonin transporter 
gene promoter polymorphism and suicide: Results of a 
meta-analysis. Biol Psychiatry 2004;55:1023-30. 

39. Singh JP, Volavka J, Czobor P, Van Dorn RA. A meta-analysis 
of the Val158Met COMT polymorphism and violent 
behavior in schizophrenia. PLoS One 2012;7:e43423. 

40. Lachman HM, Papolos DF, Saito T, Yu YM, Szumlanski 
CL, Weinshilboum RM. Human catechol-O-
methyltransferase pharmacogenetics: Description of a 
functional polymorphism and its potential application 
to neuropsychiatric disorders. Pharmacogenetics 
1996;6:243-50. 

41. Aburi Mahalaxmi, COMT gene: a cause of schizophrenia? 
Nature India, 2010. Available at: https://www.natureasia.
com/en/nindia/article/10.1038/nindia.2010.4

42. Egan MF, Goldberg TE, Kolachana BS, Callicott JH, 
Mazzanti CM, Straub RE, et al. Effect of COMT Val108/158 
Met genotype on frontal lobe function and risk for 
schizophrenia. Proc Natl Acad Sci U S A 2001;98:6917-22. 

43. Gupta M, Bhatnagar P, Grover S, Kaur H, Baghel R, 
Bhasin Y, et al. Association studies of catechol-O-
methyltransferase (COMT) gene with schizophrenia and 
response to antipsychotic treatment. Pharmacogenomics 
2009;10:385-97. 

44. Tiihonen J, Hallikainen T, Lachman H, Saito T, Volavka J, 
Kauhanen J, et al. Association between the functional 
variant of the catechol-O-methyltransferase (COMT) gene 
and type 1 alcoholism. Mol Psychiatry 1999;4:286-9. 

45. Nolan KA, Volavka J, Czobor P, Cseh A, Lachman H, Saito 
T, et al. Suicidal behavior in patients with schizophrenia 
is related to COMT polymorphism. Psychiatr Genet 
2000;10:117-24.

46. Sadeghiyeh T, Hosseini Biouki F, Mazaheri M, Zare-
Shehneh M, Neamatzadeh H, Poursharif Z. Association 
between Catechol-O-Methyltransferase Val158Met 
(158G/A) Polymorphism and Suicide Susceptibility: A 
Meta-analysis. J Res Health Sci 2017;17:e00383. 

47. Tovilla-Zárate C, Juárez-Rojop I, Ramón-Frias T, Villar-
Soto M, Pool-García S, Medellín BC, et al. No association 
between COMT val158met polymorphism and suicidal 
behavior: Meta-analysis and new data. BMC Psychiatry 
2011;11:151. 

48. Bernegger A, Kienesberger K, Carlberg L, Swoboda 
P, Ludwig B, Koller R, et al. The impact of COMT and 



JEB Med Sci26

childhood maltreatment on suicidal behaviour in 
affective disorders. Sci Rep 2018;8:692. 

49. De Luca V, Tharmalingam S, Zai C, Potapova N, Strauss 
J, Vincent J, et al. Association of HPA axis genes with 
suicidal behaviour in schizophrenia. J Psychopharmacol 
2010;24:677-82. 

50. Jokinen J, Boström AE, Dadfar A, Ciuculete DM, 
Chatzittofis A, Åsberg M, et al. Epigenetic changes in 
the CRH gene are related to severity of suicide attempt 
and a general psychiatric risk score in adolescents. 
EBioMedicine 2018;27:123-33. 

51. Behan DP, Potter E, Lewis KA, Jenkins NA, Copeland 
N, Lowry PJ, et al. Cloning and structure of the human 
corticotrophin releasing factor-binding protein gene 
(CRHBP). Genomics 1993;16:63-8. 

52. Li K, Nakajima M, Ibañez-Tallon I, Heintz N. A cortical 
circuit for sexually dimorphic oxytocin-dependent 
anxiety behaviors. Cell 2016;167:60-72. 

53. Rockefeller University. Possible explanation for 
why male mice tolerate stress better than females. 
ScienceDaily 2016. Available at: www.sciencedaily.com/
releases/2016/10/161014153212.htm [Accessed: October 
14, 2016]

54. Merali Z, Du L, Hrdina P, Palkovits M, Faludi G, Poulter 
MO, et al. Dysregulation in the suicide brain: mRNA 
expression of corticotropin-releasing hormone receptors 
and GABA(A) receptor subunits in frontal cortical brain 
region. J Neurosci 2004;24:1478-85. 

55. Arató M, Bánki CM, Bissette G, Nemeroff CB. Elevated 
CSF CRF in suicide victims. Biol Psychiatry 1989;25:355-9. 

56. Roy A, Hodgkinson CA, Deluca V, Goldman D, Enoch 
MA. Two HPA axis genes, CRHBP and FKBP5, interact 
with childhood trauma to increase the risk for suicidal 
behavior. J Psychiatr Res 2012;46:72-9. 

57. Klengel T, Binder EB. FKBP5 allele-specific epigenetic 
modification in gene by environment interaction. 
Neuropsychopharmacology 2015;40:244-6. 

58. Tyrka AR, Ridout KK, Parade SH, Paquette A, Marsit CJ, 
Seifer R. Childhood maltreatment and methylation of 
FK506 binding protein 5 gene (FKBP5). Dev Psychopathol 
2015;27:1637-45. 

59. European College of Neuropsychopharmacology. Why 
depression and aging are linked to increased disease 
risk. ScienceDaily. ScienceDaily. Available at: www.
sciencedaily.com/releases/2014/10/141018205409.htm. 
[Accessed: October 18, 2014]

60. Koenen KC, Uddin M. FKBP5 polymorphisms modify the 
effects of childhood trauma. Neuropsychopharmacology 
2010;35:1623-4.

61. Qi R, Luo Y, Zhang L, Weng Y, Surento W, Jahanshad N, 
et al. FKBP5 haplotypes and PTSD modulate the resting-

state brain activity in Han Chinese adults who lost their 
only child. Transl Psychiatry 2020;10:91. 

62. Wang Q, Shelton RC, Dwivedi Y. Interaction between 
early-life stress and FKBP5 gene variants in major 
depressive disorder and post-traumatic stress disorder: 
A systematic review and meta-analysis. J Affect Disord 
2018;225:422-8. 

63. Memic A, Streit F, Hasandedic L, Witt SH, Strohmaier 
J, Rietschel M, et al. Neurocognitive endophenotypes 
of schizophrenia and bipolar disorder and possible 
associations with FKBP Variant rs3800373. Med Arch 
2018;72:352-6.

64. Willour VL, Chen H, Toolan J, Belmonte P, Cutler DJ, Goes 
FS, et al. Family-based association of FKBP5 in bipolar 
disorder. Mol Psychiatry 2009;14:261-8. 

65. Supriyanto I, Sasada T, Fukutake M, Asano M, Ueno Y, 
Nagasaki Y, Shirakawa O, Hishimoto A. Association of 
FKBP5 gene haplotypes with completed suicide in the 
Japanese population. Prog Neuropsychopharmacol Biol 
Psychiatry 2011;35:252-6. 

66. Roy A, Gorodetsky E, Yuan Q, Goldman D, Enoch 
MA. Interaction of FKBP5, a stress-related gene, with 
childhood trauma increases the risk for attempting 
suicide. Neuropsychopharmacology 2010;35:1674-83.

67. De la Cruz-Cano E. Association between FKBP5 and 
CRHR1 genes with suicidal behavior: A systematic review. 
Behav Brain Res 2017;317:46-61.

68. Dwivedi Y. Brain-derived neurotrophic factor and suicide 
pathogenesis. Ann Med 2010;42:87-96. 

69. Hong CJ, Huo SJ, Yen FC, Tung CL, Pan GM, Tsai SJ. 
Association study of a brain-derived neurotrophic-factor 
genetic polymorphism and mood disorders, age of onset 
and suicidal behavior. Neuropsychobiology 2003;48:186-9.

70. Kim YK, Lee HP, Won SD, Park EY, Lee HY, Lee BH, et al. 
Low plasma BDNF is associated with suicidal behavior 
in major depression. Prog Neuropsychopharmacol Biol 
Psychiatry 2007;31:78-85. 

71. Karege F, Vaudan G, Schwald M, Perroud N, La Harpe 
R. Neurotrophin levels in postmortem brains of suicide 
victims and the effects of antemortem diagnosis 
and psychotropic drugs. Brain Res Mol Brain Res 
2005;136:29-37.

72. Kozicz T, Tilburg-Ouwens D, Faludi G, Palkovits M, 
Roubos E. Gender-related urocortin 1 and brain-derived 
neurotrophic factor expression in the adult human 
midbrain of suicide victims with major depression. 
Neuroscience 2008;152:1015-23. 

73. Kim B, Kim CY, Hong JP, Kim SY, Lee C, Joo YH. Brain-
derived neurotrophic factor Val/Met polymorphism and 
bipolar disorder. Association of the Met allele with suicidal 
behavior of bipolar patients. Neuropsychobiology 
2008;58:97-103.


