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SUMMARY 
Suicide and suicidal behaviors seem to have a heritable component, and evidences from adoption, twins and families studies 

underline observations that greater familial suicidal behavior correlates with earlier onset and higher risk in offspring, supporting 
the presence of a genetic component. In this paper we report data from the literature, highlighting the scientific relevance of 
research in important topic as suicidal behaviours. 
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INRODUCTION 

Suicide is a complex phenomenon influenced by va-
rious biological and psychosocial factors. It involves a 
specific mental state that both motivates and accom-
panies this extreme and final act. It lies at the end of a 
series of forms commonly referred to as suicidal beha-
viours (SB) that include suicide attempts and suicidal 
ideas: a suicide attempt is a potentially self-injurious 
behavior with a nonfatal outcome, indicating some level 
of intent to die, but may not result in injuries. Suicide 
completers are considered a more homogeneous group 
than suicide attempters, with both groups sharing only 
some underlying etiological and neurobiological mecha-
nisms (Costanza et al. 2014). Suicidal behaviors have 
been shown to run in families and are linked to 
biological traits and risk factors that are not necessarily 
shared with the associated psychiatric disorders (Punzi 
et al. 2022). Here, we analyzed the available literature 
considering the correlation between genetics and 
suicidal behaviors. 

 
SIGNALING MOLECULES WITH 
GENETIC IMPACT IN SUICIDAL 
BEHAVIORS 

Neurotransmitters 

Among neurotransmitters, impaired expression of 
GABAergic genes has been identified in individuals 
who have completed suicide (Costanza et al. 2014). 
Several GABA receptor subunits, including GABA-A 
receptor-associated protein like 1 (GABARAPL1) and 
the GABA transporter (SLC6A1), showed altered gene 
expression patterns in the prefrontal cortex (PFC) and 
limbic brain regions of suicide victims (Fiori & Turecki 
2010, Kim et al. 2007). Another study pointed out that the 
density of AMPA receptors, another type of glutamate 

receptor, might be increased in the caudate nucleus of 
individuals who have died by suicide (Noga et al. 1997). 
Notably, adrenergic transmission was suggested to play 
a role in suicide, evidenced by decreased noradrenaline 
levels in the brainstem and increased densities of α2-
adrenergic receptors due to noradrenaline deficit (Bondy 
et al. 2006). On the other hand, alterations in α2-
adrenergic signaling pathways have been observed in 
the frontal cortex of depressed suicide victims (Valdizán 
et al. 2010). In contrast, no significant differences in 
dopamine (DA) concentrations were found in cortical 
and subcortical regions between suicide victims and 
controls; the presence of dopamine D2 receptors has 
been proposed to increase the risk of suicidal behavior 
in individuals with a familial history of alcoholism. Re-
garding opioids, two different studies that performed 
quantitative autoradiography have found higher densi-
ties of μ-opioid receptors in the frontal and temporal 
cortex of younger individuals who completed suicide 
(Gross-Isseroff et al. 1990, Gabilondo et al. 1995).  

Serotonin (5-HT) is believed to significantly influen-
ce the neurobiology underlying SB. Alterations in the 5-
HT system are known components of the neurobio-
logical predisposition to suicide. Abnormalities have 
been observed in the hypothalamus, brainstem and 
prefrontal cortex (PFC) of suicide victims, particularly 
in the ventral prefrontal cortex (VPFC) (Mann 2003). In 
detail, low levels of 5-hydroxyindoleacetic acid (5-
HIAA), a major serotonin metabolite in cerebrospinal 
fluid, have been linked to violent suicide attempts, 
suggesting it may serve as a specific predictor for 
suicidal behavior (Asberg et al. 1979). It has been 
hypothesized that this biochemical trait can be assumed 
as a predictor of suicide attempts and their completion 
since that low post-mortem levels of 5-HIAA have been 
found in suicide victims (Costanza et al. 2014). Mole-
cular genetic studies have focused on serotonin-related 
genes like tryptophan hydroxylase 1 and 2 (TPH1 and 
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TPH2) and the serotonin transporter gene (5-HTT; 
SLC6A4). Regarding to TPH1, different polymorphisms 
have been associated with suicide attempt, but none 
have been implicated in suicide completion (Bondy et 
al. 2006). Variants in the promoter region of TPH2, 
particularly SNIP rs-10748185, had a considerable effect 
on TPH2 mRNAa level that was found to be increased in 
the VPFC of suicide completers (Perroud et al. 2010). 
Supporting this data, another study has identified higher 
level of TPH2 mRNAa in the raphe nuclei and in the 
DLPFC of suicide victims (Bach-Mizrachi et al. 2006). 
Furthermore, alterations in serotonin receptor (5-HTR) 
expression, particularly upregulation of 5-HTR-1A and 5-
HTR-2A in the prefrontal cortex of suicide victims, 
suggest a compensatory response to reduced serotonin 
activity (Oquendo et al. 2006). These findings highlight 
the complex interplay of serotonin system dysregulation 
and genetic factors in the predisposition to suicidal 
behavior, warranting further investigation into their 
roles and potential as biomarkers for suicide risk. 

 
Hypothalamic-pituitary-adrenal axis (HPA) 

The HPA axis is the primary biological system go-
verning human stress responses, and its dysfunctions 
have been studied in depressed and suicidal individuals 
(Costanza et al. 2014). Cortisol nonsuppression in the 
dexamethasone suppression test (DST) is strongly asso-
ciated with completed suicides, making it a potential 
predictor for suicide in depressed patients (Coryell and 
Schlesser 2001). The hyperactivity of corticotrophin-
releasing hormone (CRH) in the hypothalamic paraven-
tricular nucleus was identified by postmortem studies as a 
common characteristic of depressed and suicidal indivi-
duals (Turecki et al. 2012) showing increased CRH neu-
ron counts and CRH mRNA levels. Increased pro-
opiomelanocortin mRNA in the pituitary gland and 
reduced CRH binding sites in the prefrontal cortex were 
also observed in suicide victims (Nemeroff et al. 1988). 
Furthermore, depressed suicides exhibit elevated CRH 
immunoreactivity, increased CRH mRNA levels, and 
reduced CRH receptor type 1 (CRH1) levels, potentially 
due to elevated CRH levels (Austin et al. 2003; Merali 
et al. 2006). Epigenetic mechanisms have also been 
considered in molecular genetic studies of suicide. In 
fact, DNA methylation of the NR3C1 promoter of the 
glucocorticoid receptor (GR) gene, was observed in the 
hippocampus of suicide victims with childhood abuse 
histories, resulting in decreased GR mRNA and GR 1F 
splice variant transcripts (McGowan et al. 2009). This 
epigenetic modification leads to HPA axis hyperactivity 
and a failure to respond to glucocorticoid feedback.  

 
Neurotrophic factors 

Studies of suicide completers, mostly diagnosed 
with major depression, show downregulation of brain-
derived neurotrophic factor (BDNF) and tropomyosin-

related kinase B (TrkB) in various brain regions (Pan-
dey et al. 2008). Decreased BDNF levels were found in 
the hippocampus and VPFC, and reduced neurotrophin-
3 (NT-3) in the hippocampus of untreated suicide vic-
tims (Karege et al. 2005). FGFR3 and FGFR2, receptors 
of FGF, were also downregulated in the prefrontal cortex 
and other brain regions of suicide victims (Ernst et al. 
2009a). The same genes were analyzed in epigenetic stu-
dies showing that stressed rats had hypermethylation of 
BDNF promoter exons, which was also found in the 
Wernicke's area of suicide completers (Keller et al. 
2010). On the other hand, a variant of TrkB (TrkB-T1) 
specific to astroglial cells was downregulated in the 
orbital frontal cortex of suicide completers and asso-
ciated with promoter methylation (Ernst et al. 2009b). 
This methylation was specific to the prefrontal cortex 
and not observed in Wernicke's area or the cerebellum. 

 
Protein kinases and signaling molecules 

Several signaling molecules and kinases have been 
involved in suicide. Among them, protein kinase Akt 
decreased and glycogen synthase kinase-3β increased in 
depressed suicide victims (Karege et al. 2007). Other 
studies highlight that the P11 protein (S100A10), which 
regulates various cellular processes and is linked to 
depression, was significantly lower in the blood cells of 
suicide attempters and in the prefrontal cortex of suicide 
completers (Zhang et al. 2011). These pathways interact 
with neurotransmitter systems and genes associated with 
suicide, such as the activation of transcription factors by 
protein kinase C (PKC) leading to BDNF transcription 
(Costanza et al. 2014). 

 
Polyamines 

Alterations in polyamines have been linked to 
psychopathology in both humans and animals. For 
istance, in suicide completers with or without major 
depression, the expression of spermidine/spermine N1-
acetyltransferase 1 (SSAT) was significantly downer-
gulated in VPFC and other brain regions (Klempan et al. 
2009, Sequeira et al. 2006). In addition, several single 
nucleotide polymorphisms (SNPs) in SSAT have been 
associated with suicide in French Canadians, with 
specific haplotypes modifying its expression and DNA 
methylation at the SSAT gene promoter was negatively 
correlated with its expression in suicide completers 
(Fiori & Turecki 2010). 

 
ADOPTION, TWINS  
AND FAMILY STUDIES 
Adoption studies 

Genetic basis of suicide and suicidal behaviors have 
been analyzed in adoption studies, by two major works. 
The first one compared suicide rates among biological 
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and adoptive relatives of adoptees who committed 
suicide with those in a matched living adoptee control 
group. The study found a six-fold higher rate of suicide 
among biological relatives of suicide adoptees, with no 
suicides among adoptive relatives, suggesting a genetic 
rather than environmental effect. This increased rate 
was observed regardless of whether the adoptees were 
psychiatric patients (Schulsinger et el. 1979). The second 
study was conducted by Wender et al. using the Danish 
adoption registry and focusing on mood disorders. They 
found a 15-fold excess of suicide among the relatives of 
mood-disordered adoptees, supporting the role of mood 
disorders in the genetics of suicide. However, the 
highest suicide rates were in relatives of adoptees diag-
nosed with "affective reaction" (impulsive-unstable or 
Cluster B personality disorders), suggesting a familial 
link between impulsive aggression and suicide, indepen-
dent of mood disorders (Wender et al. 1986). 

 
Twins studies 

A study of Roy et al. reported an even higher 
concordance rate for suicide attempts in the surviving 
monozygotic (MZ) twin after the co-twin's suicide (38% 
vs. 0%), suggesting that the clinical phenotype for con-
cordance includes both completed suicides and suicide 
attempts (Roy et al. 1995). Another study, reviewed 
published twin case reports on suicide and found higher 
concordance rates for suicide and suicidal behavior in 
MZ twins compared to dizygotic (DZ) twins (14.9% vs. 
0.7%, and 23.0% vs. 0.7% respectively) (Roy and Segal 
2001). These findings, based on case series, might not 
represent all twins who experienced suicide; the higher 
concordance rate in MZ twins was not due to greater 
bereavement reactions, as the risk of suicide attempts 
after a non-suicide death of a co-twin was similar in both 
MZ and DZ twins (1.4% vs. 3.3%) (Brent & Mann 2005). 

Three twin studies showed that familial transmission 
of suicidal behavior cannot be explained solely by the 
transmission of other psychopathologies. While there 
was some overlap between the heritability of suicidal 
ideation and actual suicidal behavior, a distinct heritable 
component of actual suicidal behavior has been 
demonstrated. Statham et al. studied 5,995 Australian 
twins and found that a MZ twin attempting suicide 
increased the risk of a suicide attempt in the co-twin by 
17.5 times. The concordance rate for serious suicidal 
behavior was much higher in MZ twins (23.1%) 
compared to DZ twins (0%). After controlling for other 
risk factors, a family history of suicide attempts still 
conveyed a 3.8-fold increased risk. Heritability estima-
tes for suicidal ideation, suicidality, and serious suicide 
attempts were 43%, 44%, and 55%, respectively 
(Statham et al. 1998). On the other hand, Glowinski et 
al. included in the study 3,416 Missouri female 
adolescent twins, finding a concordance rate for suicide 
attempts of 25% in MZ twins versus 12.8% in DZ twins. 
The unadjusted odds ratio (OR) for co-twin attempts 

was higher in MZ twins (11.6) compared to DZ twins 
(4.2), but after adjusting for psychiatric comorbidity 
and abuse history, the adjusted ORs were more similar 
(5.6 vs. 4.0). The heritability of suicide attempts was 
estimated at 38% (Glowinski et al. 2001). Finally, Fu 
et al. examined 3,372 male twin pairs in the Vietnam 
Era Twin Registry (VET) showing that MZ twins more 
likely to be concordant for suicide attempts than DZ 
twins, even after adjusting for other risk factors (ad-
justed ORs 12.06 vs. 7.41). In fact, the unadjusted 
heritability for suicidal ideation and attempts was 43% 
and 30%, respectively while after adjustment for 
psychiatric disorder, combat history, and sociodemo-
graphic variables, the heritability estimates were 
36.0% for suicidal ideation and 17.4% for attempts (Fu 
et al. 2002). 

 
Family studies 

Family studies compared the rate of suicide or 
suicidal behaviors in the relatives of individuals with 
suicidality to those without. Despite variations in 
outcomes, proband selection, comparison groups, and 
assessment methods, studies consistently showed that 
suicidal behaviors clusters within families. It has been 
indicated that both suicide attempts and completions are 
part of the clinical phenotype being transmitted, as 
families of attempters showed higher rates of completed 
suicide, and families of completers showed higher rates 
of attempts. However, studies that adjusted for the 
familial transmission of psychiatric disorders and other 
risk factors still found a persistent familial effect for 
suicidal behaviors. These findings suggest that familial 
aggregation of suicidal behaviors could be due to a 
unique, genetically transmitted diathesis distinct from 
psychiatric disorders, transmission of severe or comor-
bid conditions, imitation, or shared environmental 
factors (Dinwiddie et al. 2000, Nelson et al. 2000). 
Powell et al. observed that a family history of suicide 
was 4.6 times more prevalent in psychiatric inpatients 
who committed suicide compared to those who did not, 
even after adjusting for other significant risk factors 
such as suicidal plans, recent attempts, bereavement, 
delusions, and chronic conditions (Powell et al. 2000). 
Furthermore, studies of suicide probands with a familial 
outcome of attempts or completions have been perfor-
med, such as a family study of 58 adolescent suicide 
victims and 55 community controls, directly intervie-
wing an average of four first-degree relatives per 
proband. It showed a higher rates of attempted and 
completed suicide in the relatives of the completers than 
in the controls (Brent et al.1996); in addition, there was 
a two-fold excess of suicidal ideation among the first-
degree relatives of completers compared to controls, but 
this difference was not significant after controlling for 
psychopathology rates. This indicates that while the 
familial transmission of suicidal ideation is linked to 
psychiatric disorders, the core liability to act upon 
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suicidal ideation is the key component of suicidal 
behaviors that is transmitted within families. Others 
family studies of suicide attempting probands showed 
that comparing relatives of 62 adolescent suicide 
attempters with 70 never-suicidal psychiatric controls, 
the rate of suicide attempts and completions was higher 
in the relatives of attempters (16.8%) than in those of 
controls (7.9%); this difference persisted even after 
adjusting for psychiatric disorders. Additionally, 
adolescent attempters with higher impulsive aggression 
had greater family loading for suicidal behaviors (23.1% 
vs. 9.9%) (Brent & Mann 2005). 

 
CONCLUSIONS 

Although many studies have been produced to 
delineate the genetic influence of suicide and suicidal 
behaviors, there still remains a need to validate the 
initial findings and begin to build a broader framework 
for understanding this complex phenomenon. It has 
been proposed that the identification of intermediate 
phenotypes that may make it possible to establish links 
between genes and suicide behaviors (endopheno-
types) such as personality traits, psychological-cog-
nitive characteristichs, neurochemistry and neuroima-
ging (Treviño et al. 2011) could represent a promising 
strategy to overcome the methodological difficulties 
encountered studying these heterogeneous behaviours. 
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