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11.1. INTRODUCTION
Approximately 1 million people worldwide die by suicide each year. With a prevalence rate of 0.0145% and suicide
accounting for 1.5% of death by all causes, it is the 10th leading cause of mortality worldwide (Hawton and van
Heeringen 2009). Suicide is complex, multifactorial behavioral phenotype. Suicide is also familial: a family history of
suicide increases risk of suicide attempts and completed suicide. In this chapter, we will examine the family, twin, and
adoption studies that establish the existence of both genetic and environmental bases of suicidal behavior. We will
then review the major candidate gene findings. Lastly, we will discuss recent developments in genetic studies of
suicide and comment on future experiments that may help resolve the challenges that are hindering genetic research
into the pathophysiology of suicide.

11.2. FAMILY,TWIN, AND ADOPTION STUDIES

11.2.1. F����� S������

Family studies of suicide are designed to explore the extent to which suicidal behavior permeates families. A number
of family studies have indicated familial aggregation of suicidal behavior. Most studies have shown a higher rate of
suicidal behavior in relatives of suicide victims or attempters compared to relatives of non-suicidal controls (Tsuang
1983; Pfeffer et al. 1994; Malone et al. 1995; Brent et al. 1996; Johnson et al. 1998). Population registries in Denmark
and Sweden have provided large data-sets to explore the familiality of suicide. Four such studies have been carried
out, all reporting increased rates of suicide in offspring of suicidal parents compared to offspring of non-suicidal
parents (Agerbo et al. 2002; Qin et al. 2002, 2003; Runeson and Asberg 2003). One of the investigations provides
evidence that this observed increase may not be due to grief, since suicide rates of individuals who lost their parent(s)
to suicide were higher compared to individuals who lost their parent(s) to homicides or accidents (Runeson and
Asberg 2003).

While population registry studies have the advantage of high statistical power, they may lack details in psychiatric
diagnoses and suicidal behavior. In a study of suicide records dating from 1880 to 1980 in an Amish community,
Egeland and Sussex (1985) found 26 reported suicides that aggregated within four families who also had a high
incidence of mood disorders. The authors also found other families that were affected by multiple mood disorders but
had no history of suicidal behavior. This suggests that the presence of mood disorders may be one risk factor for
suicide, but additional factors likely play a role. Similarly, Tsai et al. (2002) showed that there was an increased risk
for suicide in relatives of bipolar suicide victims compared to relatives of bipolar disorder patients who were not
suicidal. Tsuang et al. (1985) and Powell et al. (2000) both found higher rates of suicides within families of
psychiatric inpatients who completed suicide than within families of psychiatric inpatients who were not suicidal,
regardless of the inpatient’s psychiatric diagnosis. These results are in agreement with the finding that the suicide
attempt rate in families of suicide attempters is higher compared to families of nonattempters, despite both attempters
and nonattempters having similar mood disorder profiles (Brent et al. 2002, 2003). These studies also suggest that the
trend for familiality of suicide completion may be at least partially independent of the familiality of psychiatric
diagnoses.

Brent et al. (1996) examined adolescent suicide victims and matched non-suicidal controls from chart reviews. They
found an increased rate of suicide attempts in first-degree relatives of suicide victims compared to those of non-
suicidal controls. Fourteen additional studies also reported increased rate of suicide attempts or completion in families
of suicide completers (Gould et al. 1996; Cheng et al. 2000; Kim et al. 2005) and probands with a history of suicide
attempt (Garfinkel et al. 1982; Roy 1983, 2001, 2002, 2003; Linkowski et al. 1985; Mitterauer 1990; Pfeffer et al.
1994; Bridge et al. 1997; Johnson et al. 1998; Goodwin et al. 2004; Mann et al. 2005). These studies suggested the
existence of a common suicide phenotype that includes both attempt and completion. Suicidal ideation, in contrast,
may present as a separate suicide phenotype. The rate of suicidal ideation in relatives of suicidal probands was not
increased after controlling for the presence of psychiatric disorders in relatives (Brent et al. 1996; Kim et al. 2005).
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The rate of familial suicide attempts was higher in suicide attempters compared to nonattempters, but the rate of
suicide attempts was not higher in families of suicidal ideators compared to nonideators (Pfeffer et al. 1994). These
observations suggest that suicidal ideation may segregate more with psychiatric diagnoses than suicide
attempt/completion. Suicidal ideation and suicide attempt/completion may be partly independent phenotypes and do
not fit strictly on a severity scale of suicidal behaviors.

The family studies we have reviewed are retrospective studies. Lieb et al. (2005) carried out a prospective study to
examine the risk of suicidal ideation or attempts in the offspring of depressed mothers who had attempted or
contemplated suicide. They found a greater than 50% increase in the risk for suicidal ideation or attempt relative to
offspring whose mothers had never attempted suicide. From the aforementioned discussion, family studies support a
genetic component of suicidal behavior. They provide evidence that the inheritance of suicidal behavior include both
suicide attempt and suicide completion. Also, they show that the familial transmission may be independent of that of
psychiatric disorders despite the fact that most suicide attempters/completers have underlying neuropsychiatric
diagnoses.

11.2.2. T��� S������

Twin studies are designed to evaluate the magnitude by which genetic and environmental factors influence a
phenotype in a population. For the purpose of this review, twin studies investigate the risk of a twin exhibiting
suicidal behavior given that the co-twin completed suicide. They also compare the suicide risk between monozygotic
twin (MZ) pairs to dizygotic twin (DZ) pairs while assuming that environment factors are similar between MZ and
DZ. The earliest studies were case reports from the 1800s, including concordant twins described by Dr. Benjamin
Rush in 1812. Nonetheless, these findings cannot be confirmed because the state of monozygosity and (same sex)
dizygosity was not ascertained until the 1930s. Additional case reports were published regarding suicide concordance
rates in MZ and DZ twin pairs. Kallman (1953) reported a MZ concordance rate of 5.6% (1/18) versus a DZ
concordance rate of 0% (0/21). Harvald and Hauge (1965) examined the Danish national twin registry and found 4
concordant MZ pairs out of 21 compared to no concordance within 75 DZ pairs. Kaprio et al. (1995), in comparison,
reported no concordance in suicide within 34 MZ twin pairs and 2 concordant DZ pairs out of 119 in the Finnish
national twin registry. In the United States, Roy et al. (1991) reported 7 concordant MZ pairs for suicide completion
out of 62 compared to 2 concordant DZ twin pairs out of 114 collected from a national twin registry, the Minnesota
Twin Loss Study, and other sources.

Roy et al. (1995) furthered the findings to include suicide attempts in the analysis. They found 10 of 26 surviving MZ
co-twins had attempted suicide, while none of the nine surviving DZ co-twins had a history of suicide attempts. This
suggests that suicide attempts and completions may share a common genetic component. Roy and Segal (2001)
continued on to collect a sample from the United States and Canada consisting of 13 MZ and 15 DZ pairs. The
difference between the MZ (4/13) and the DZ (0/15) concordance rates for suicide completion or attempt was
significant. Unfortunately, these studies did not include psychiatric conditions and many cases of suicide attempts and
suicidal ideation may have been missed. Nevertheless, the variability in reported heritability may likely have resulted
from the small size of individual samples, which would have limited the extent of these analyses. The latest estimate
for the heritability of suicide attempt/completion is 43% (95% confidence interval [CI]: 27%–60%; McGuffin et al.
2010).

Larger population-based twin studies have been conducted. A telephone interview study (Statham et al. 1998) where
the authors included 5995 respondents of European ancestry showed increased concordance within MZ pairs
compared to DZ pairs across suicide phenotypes that include the presence of any suicidal thoughts, persistent
thoughts/plan/minor attempt, and serious suicide attempt. They estimated the heritability of suicidal ideation to be
43%, suicide plan/attempt 44%, and that of serious suicide attempt to be 55%. Fu et al. (2002) took into consideration
psychopathology and reported the heritability of suicidal ideation to be 36% and that of suicide attempt to be 17%
from 3372 male twin pairs belonging to the Vietnam Era Twin Registry. Glowinski et al. (2001) carried out a similar
study on suicides attempted by 3416 female adolescent twins from a U.S. twin registry and found lifetime suicide
attempt concordance rates to be 25% and 13% for MZ and DZ pairs, respectively. After taking into account shared
and non-shared environmental factors, genetic factors were found to explain 48% of the variance in suicide attempt.
More recently, Cho et al. (2006) investigated the rates of self-reported suicidal ideation or attempt on U.S. adolescent
twins within 12 months prior to the interviews. As with previous reports, they found higher concordance rates for
either suicidal ideation or suicide attempt in MZ pairs (23% and 38%, respectively) than in DZ pairs (17% and 17%,
respectively). The investigators also found that aggression and depression may explain more of the variance in



3. 12. 2017 Genetic Factors and Suicidal Behavior - The Neurobiological Basis of Suicide - NCBI Bookshelf

https://www.ncbi.nlm.nih.gov/books/NBK107191/?report=printable 3/30

suicidality in females compared to males, while alcohol use and binge drinking seem to explain a larger portion of the
variance in suicidal behavior in males than in females (Cho et al. 2006).

In all of the aforementioned four large-scale studies, the authors consistently found that psychiatric diagnoses
(including major depressive disorder, conduct disorder, anxiety disorder, and alcohol dependence) and environmental
factors (including childhood sexual and physical abuse) were associated with higher risk of attempting suicide. As
with family studies, twin studies support a genetic basis of suicidal behavior and suggest that the genetic component
of suicidal behavior may be independent of the heritability of psychiatric disorders. Furthermore, at least part of the
heritability of suicidal behavior may overlap with suicidal ideation, suicide attempt, and suicide completion.

11.2.3. A������� S������

There are relatively few adoption studies that investigate the effect of environment on suicidal behavior. Using the
Danish Adoption Registry, Schulsinger et al. (1979) matched 57 adoptees who committed suicide with 57 adoptees
without history of suicidal behavior. Of the 269 biological relatives of suicidal adoptees, 12 committed suicide, while
only 2 of the 269 biological relatives of non-suicidal adoptees committed suicide. None of the relatives of the adopted
families in the study were affected by suicide. These observations support a genetic component of suicide. From the
same registry, Wender et al. (1986) compared 71 adoptees with affective disorder to 71 adoptees who did not report
significant affective disorder symptoms. They found higher frequencies of suicide in those related to affective
disorder adoptees, especially those of the “affect reaction” subtype, compared to the relatives of unaffected adoptees.
This suggests that the mechanism of suicide may involve the regulation of impulsive behavior.

11.3. REVIEW OF CANDIDATE GENES
Candidate gene studies have been the predominant methodology used in published genetic studies of suicidal
behavior. Most of the published studies are recorded in Suicidal Behaviours: Genetic Association Studies Database
(SBGAS) maintained by the McGill Group for Suicide Studies (URL: http://gmes.mcgill.ca/).

11.3.1. S����������� S�����

The serotonin neurotransmission system has received the most attention in candidate gene studies of suicidal behavior
due largely to the role of serotonin in mood regulation and studies showing altered serotonin function in suicide
victims (Virkkunen et al. 1989; Koller et al. 2003). Specifically, low cerebrospinal fluid concentration of the serotonin
metabolite 5-hydroxyindoleacetic acid (5HIAA) has been found in numerous studies of suicidal patients (Asberg
1997), especially in high-lethality attempters (Placidi et al. 2001).

11.3.1.1. Tryptophan Hydroxylases TPH1 and TPH2

The synthesis of serotonin (5-hydroxytryptamine [5-HT]) is catalyzed by the rate-limiting enzymes, the more broadly
expressed TPH1 and the neuron-specific TPH2. The 29 kb human TPH1 gene is localized on chromosome 11p15.3-
p14 (Boularand et al. 1995). Several common single-nucleotide polymorphisms (SNPs) have been described in the
upstream regulatory region and in intron 7 (Rotondo et al. 1999). Although functional variants have not been reported
in the coding region of the TPH1 gene (Han et al. 1999), the A (U) allele of the intron-7 A779C (rs1799913) marker
has been associated with higher cerebrospinal fluid levels of the serotonin metabolite 5HIAA (Nielsen et al. 1994),
and the CC genotype of the intron-7 A218C (rs1800532) marker has been associated with lower TPH1 protein levels
in the prefrontal cortex (Ono et al. 2002). TPH1 expression in the anterior pituitary among other brain areas suggests a
role in the hypothalamic–pituitary–adrenal (HPA) axis (Zill et al. 2009).

Since the first published finding by Nielsen et al. (1994) that the C-allele of the A779C polymorphism was associated
with suicide attempts in alcoholic violent offenders/arsonists, over 40 papers have investigated this gene for
association with suicide attempt, suicide completion, and suicidal ideation. Rujescu et al. (2003) conducted the first
meta-analysis of A218C genotype data from seven studies on Caucasians and found that the A-allele (odds ratio [OR]
= 1.33; 95% CI: 1.17–1.51) and both the AA and AC genotypes (OR = 1.48; 95% CI: 1.22–1.79) conferred risk for
suicide attempt/completion. However, the suicide attempters have a mixture of different psychiatric diagnoses. Thus,
the influence of other psychiatric diagnoses on these findings remained uncertain. More recently, Saetre et al. (2010)
carried out a meta-analysis of studies in which the suicide cases were matched with controls for psychiatric diagnoses.
They did not find A218C/A779C to be significantly associated with suicide (OR = 0.96; 95% CI: 0.80–1.16). The
reason behind the discrepant results between these two meta-analyses could be that the first meta-analysis utilized

http://gmes.mcgill.ca/
https://www.ncbi.nlm.nih.gov/snp/?term=1799913
https://www.ncbi.nlm.nih.gov/snp/?term=1800532
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healthy controls, while the latest meta-analysis employed controls matched with suicide cases for psychiatric
disorders (e.g., schizophrenia suicide attempters versus schizophrenia nonattempters). Saetre et al. (2010) instead
found a significant association between A218C with schizophrenia, suggesting that the association detected in the
previous meta-analysis may have been confounded by the suicide cases’ comorbid psychiatric conditions. It may also
explain the lack of significant difference in TPH1 expression between suicide and non-suicidal groups (Zill et al.
2009; Perroud et al. 2010a). Despite numerous studies of TPH1 polymorphisms in suicidal behavior, taken together,
the results have not been meaningful. Nonetheless, the role of TPH1 gene in suicide cannot be dismissed without
examining additional polymorphisms, including those in its upstream regulatory region (Sun et al. 2005).

Unlike TPH1 being expressed in both the central nervous system and the periphery, TPH2 is the predominant form of
tryptophan hydroxylase expressed in the brain (Walther et al. 2003). There have been conflicting results in the
literature over the difference in expression of the more recently discovered, neuron-specific TPH2 between non-
suicidal controls and suicide completers. Some papers have reported an increased expression of the TPH2 gene in
suicide victims (Bach-Mizrachi et al. 2008; Perroud et al. 2010a), while others did not observe this difference in
TPH2 expression between suicide victims and non-suicidal controls (De Luca et al. 2006a). The different brain
regions examined could have contributed to the mixed gene expression findings. The 93.6 kb gene, located at
12q21.1, has been examined frequently since the first report of the G-allele of the rs1386494 marker being nominally
associated with suicide completion in a German sample (Zill et al. 2004). Many subsequent studies examining
multiple polymorphisms yielded mostly negative findings (De Luca et al. 2004a, 2005b; Zill et al. 2007; Mann et al.
2008; Mouri et al. 2009; Must et al. 2009), except for studies in depressed patients (Ke et al. 2006; Lopez de Lara et
al. 2007; Yoon and Kim 2009). Unfortunately, even though multiple TPH2 markers have been investigated, the
analyzed polymorphisms often do not overlap among the studies, making interpretation of the findings difficult. It
might be possible that TPH2 gene expression changes with depression status, but not with suicide behavior per se. It
might also be possible that the brain region–specific expression changes observed in suicide victims may be
influenced by epigenetic changes in the TPH2 gene promoter region.

11.3.1.2. Serotonin Transporter 5HTT(SLC6A4 Gene)

The gene coding for 5HTT (SLC6A4, 37.8 kb at 17q11.1-q12) is another frequently examined candidate for studying
the genetics of suicide. It is the primary target of many commonly prescribed antidepressant medications. 5HTT
expression has been shown to be decreased in prefrontal cortical regions of suicide completers (Arango et al. 1995;
Mann et al. 1996; Austin et al. 2002), but a number of study findings disputed these earlier reports (Mann et al. 1996;
Little et al. 1997; Perroud et al. 2010a). Underlying psychiatric conditions and medications could have contributed to
the mixed findings.

Two polymorphisms, in particular, a 44 nucleotide insertion/deletion polymorphism (serotonin transporter linked
polymorphic region, HTTLPR) in the promoter region ∼1kb from the transcription start site and a 17 base pair (bp)
variable number tandem repeat (VNTR) polymorphism in intron 2 (STin2), affect the function of 5HTT. More
specifically, the HTTLPR genotypes carrying the short (S) allele (SS or LS) are associated with decreased
transcriptional activity of the promoter (Collier et al. 1996) and reduced reuptake of serotonin compared to the long–
long (LL) genotype (Heils et al. 1996). Also, the STin2 region has been shown to be an enhancer element in
transgenic reporter mouse embryos, where the 12-repeat allele of STin2 was associated with increased reporter gene
expression (MacKenzie and Quinn 1999). Since the first published report of 5HTT gene and suicide attempt by
Bellivier et al. (1997), over 40 papers have been published on this topic. Included is a recent comprehensive meta-
analysis of studies up to January 2006 showing the long allele to be associated with decreased risk for suicide in the
entire sample (OR = 0.88; 95% CI: 0.80–0.97) (Li and He 2007). The authors did not find STin2 to be associated with
suicidal behavior from pooling five study samples and stratifying the meta-analysis by sex, ethnicity, diagnostic
groups, and method of case–control pairing (i.e., whether suicide cases and controls were matched for psychiatric
diagnosis) (Li and He 2007). In nine studies where the suicide attempters were paired with suicide nonattempters with
the same psychiatric conditions, carriers of the long allele were associated with decreased risk for suicide (OR = 0.83;
95% CI: 0.73–0.95). The results from the meta-analysis of four studies found that the HTTLPR short allele carrying
genotypes were not significantly associated with suicide completion (OR = 1.07; 95% CI: 0.48–2.37). This could
possibly be due to reduced sample sizes and the fact that the control groups consisted of nonpsychiatric subjects.
More recent studies of 5HTT in suicide found the short allele to be associated with violent suicide attempts
(Wasserman et al. 2007; Neves et al. 2008, 2010).

https://www.ncbi.nlm.nih.gov/snp/?term=1386494
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It is important to note that the HTTLPR polymorphism has been associated with numerous neuropsychiatric disorders
including depression (Kiyohara and Yoshimasu 2010), bipolar disorder (Cho et al. 2005), child aggression (Beitchman
et al. 2006), and alcohol dependence (Feinn et al. 2005) as well as neuroticism (Sen et al. 2004). All of these disorders
have in turn been associated with increased suicidality (Persson et al. 1999b). Similarly, STin2 has been associated
with schizophrenia (Fan and Sklar 2005). In addition, the 5HTT gene has been associated with response to
antidepressants (Smits et al. 2004; Porcelli et al. 2011). Thus, it would be crucial to include the administration of
serotonin reuptake inhibitors as a covariate when analyzing this gene in suicide. Also, the SNP rs25531 has been
linked with the long allele of HTTLPR. It involves an A to G substitution that has been associated with lower 5HTT
expression (Nakamura et al. 2000; Hu et al. 2006). This additional level of complexity at this locus may have
contributed to some of the mixed findings in earlier genetic studies involving this gene. Studies including the rs25531
polymorphism, however, did not find significant association between the HTTLPR and suicidal behavior (De Luca et
al. 2006c, 2008a; Chen et al. 2007; Segal et al. 2009). In the presence of childhood trauma, the short allele has been
associated with suicide (Gibb et al. 2006; Roy et al. 2007), suggesting that gene–environment interaction could play
an important role in suicidal behavior. Functional effects of the 10-repeat, 12-repeat, and other alleles of STin2 as well
as its interaction with HTTLPR need to be verified in humans (Ali et al. 2010). The interaction between STin2 and
childhood trauma should be explored. Additional polymorphisms across the 5HTT gene, especially those in the
HTTLPR region (Nakamura et al. 2000; Sakai et al. 2002), have been largely unexplored in most published studies
(De Luca et al. 2006c; Zhang et al. 2008).

11.3.1.3. Serotonin Receptors (HTR1A, HTR1B, HTR2A, HTR2C, etc.)

Over 10 studies have reported negative findings with respect to HTR1A in suicidal behavior, beginning with
Nishiguchi et al. (2002) who reported nonsignificant results with two infrequent missense variants in Japanese suicide
completers versus healthy controls. Most studies since then have concentrated on the promoter C-1019G (rs6295)
polymorphism, which is located within the consensus sequence for a transcriptional repressor called nuclear DEAF-1
related (Lemonde et al. 2003), with the C-allele having higher binding affinity than the G-allele. Thus, the G-allele
represents the un-repressed or high-expression variant. Lemonde et al. (2003) also found the high-expression G-allele
to be overrepresented in suicide completers of French Canadian ancestry compared to healthy controls. This may
explain the low serotonin levels observed in suicide completers. These positive findings were not replicated however
in other samples of suicide completers (Huang et al. 2004; Ohtani et al. 2004; Serretti et al. 2007b; Videtic et al.
2009b) or suicide attempters (Huang et al. 2004; Serretti et al. 2007b; Wang et al. 2009).

The 1.17 kb intronless HTR1B gene located at 6q13 is also another frequently studied gene in suicide research due to
the aggressive and impulsive behavioral phenotypes observed in knockout mice lacking the expression of the
homologous Htr1b gene (Saudou et al. 1994; Brunner and Hen 1997; Zhuang et al. 1999; Bouwknecht et al. 2001). It
has also been associated with antisocial behavior in alcohol-dependent individuals (Soyka et al. 2004). Since high
level of impulsive aggression has been reported in psychological autopsy of suicide victims compared to psychiatric
controls (Dumais et al. 2005; McGirr et al. 2008), HTR1B was considered a candidate gene for suicidal behavior. A
meta-analysis of six studies with various study designs did not yield a significant finding of suicidal behavior with the
G861C polymorphism (rs6296) (Kia-Keating et al. 2007).

Later publications did not find G861C to be associated with suicidal behaviors. The T-261G (rs11568817) and A-
161T (rs130058) polymorphisms, which have been shown to alter 5HT1B expression in cell lines (Sun et al. 2002;
Duan et al. 2003a), were found to be associated with suicidal ideation in depressed patients (Wang et al. 2009).
However, other investigations into these and other polymorphisms, namely, A1180G, C129T (Huang et al. 1999;
Zouk et al. 2007), T-261G (Zouk et al. 2007), A-161T (Hong et al. 2004; Tsai et al. 2004; Videtic et al. 2006; Zouk et
al. 2007), and G371T (De Luca et al. 2008a), did not yield significant results. An exception was a marginal
overrepresentation of the A-161T T-allele in suicide victims compared to healthy controls (Zouk et al. 2007). The
different study designs and different markers investigated in each study made comparison among these studies
challenging. For instance, Zouk et al. (2007) examined suicide victims versus healthy controls while Wang et al.
(2009) examined the severity of suicidal behavior within a group of patients. The suicide cases in Zouk et al. (2007)
were Caucasians of various psychiatric diagnoses, while the sample recruited by Wang et al. (2009) consisted of a
group of Han Chinese major depressive patients without history of alcoholism, drug abuse, drug-induced bipolar
disorder, or depressive disorders. It remains to be explored whether the presence of certain psychiatric conditions
affects the association of HTR1B with suicidal behavior. Of interest, obsessive–compulsive disorder and bipolar
disorder have been associated with HTR1B in several studies (Mundo et al. 2000, 2001, 2002). Nonetheless, the
results from the literature thus far suggest that HTR1B may not play a major role in suicidal behavior.

https://www.ncbi.nlm.nih.gov/snp/?term=25531
https://www.ncbi.nlm.nih.gov/snp/?term=25531
https://www.ncbi.nlm.nih.gov/snp/?term=6295
https://www.ncbi.nlm.nih.gov/snp/?term=6296
https://www.ncbi.nlm.nih.gov/snp/?term=11568817
https://www.ncbi.nlm.nih.gov/snp/?term=130058
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The serotonin 2A receptor (HTR2A) gene is localized to 13q14-q21 and is 62.66 kb in length. The majority of studies
to date reported 5HT2A expression or binding to be increased in suicide victims (Cheetham et al. 1988; Lowther et al.
1994; Turecki et al. 1999; Arango et al. 2003). Increased 5HT2A levels have also been reported in platelets of suicidal
patients (Pandey 1997). A SNP in the promoter region of HTR2A, A-1438G (rs6311), as well as an exon 1 SNP,
T102C (Ser34Ser, rs6313), have been extensively studied in numerous psychiatric disorders. The C102 allele has been
associated with a 20% decrease in 5HT2A receptor levels in the temporal cortex (Polesskaya and Sokolov 2002). Li et
al. (2006) carried out a metaanalysis of T102C of 25 studies published up to July 2005 on suicidal behavior, and they
did not find significant association with suicide attempt versus non-suicidal patients (seven studies; OR = 0.98; 95%
CI: 0.83–1.16). Other matching strategies yielded positive findings where the T102 was found to be a protective
allele. These methods included comparing individuals with suicidal ideation to a combined group of patients lacking
ideation and healthy controls (five studies; OR = 0.77; 95% CI: 0.62–0.95), or comparing individuals with suicidal
ideation and attempts to psychiatric controls without attempt or ideation and healthy controls (20 studies; OR = 0.88;
95% CI: 0.77–1.00). In the same paper, the meta-analysis of A-1438G of seven studies in suicidal behavior showed
that A-allele carrying genotypes were protective against suicide (OR = 0.67; 95% CI: 0.50–0.89) (Li et al. 2006).
More recent studies with T102C and A-1438G yielded mostly negative findings. Only one study thus far has
investigated the tag SNPs, SNPs selected to minimize overlapping genetic information, spanning HTR2A for
association with suicidal ideation. This study used a sample of 270 families affected by schizophrenia or
schizoaffective disorder (Fanous et al. 2009). They did not observe significant association between any of the tag
SNPs or their haplotypes and suicidal ideation. Phenotypic heterogeneity from analyzing these tag SNPs in suicide
attempters and completers may have contributed to the mixed results for this gene.

Suicidal behavior has been hypothesized to be partly X-linked. This is because of the seemingly different rates of
suicidal ideation (2 females:1 male), suicide attempts (4 females:1 male), and suicide completion (1 female:3 males)
between the two sexes (Stefulj et al. 2004a,b; Bondy et al. 2006). Turecki et al. (2003) first investigated the X-linked
HTR2C gene where the authors did not find the G-995A (rs3813928) polymorphism to be significant in suicide
completion. Subsequent studies focused on a missense polymorphism Ser23Cys (rs6318, G68C) in the coding region
of the gene and most did not find this polymorphism significant. However, Videtic et al. (2009a) found the G-allele to
be associated with risk for suicide in their Slovenian sample. The HTR2C gene is large (326.1 kb), and thus additional
polymorphisms need to be investigated. Also, changes in mRNA editing have been reported in suicide victims
(Gurevich et al. 2002). In addition to the HTR2C gene, Turecki et al. (2003) also explored for possible association
between suicide completion and the HTR1D, HTR1E, HTR1F, HTR5A, and HTR6 genes. They did not find any of the
tested markers in these genes to be associated with suicide risk.

11.3.1.4. Monoamine Oxidases–MAOA and MAOB

MAOA is a mitochondrial enzyme that degrades monoamines including dopamine, norepinephrine, and serotonin. It
is the major target of the monoamine oxidase inhibitor (MAOI) class of antidepressants. Elevated activity of the
MAOA enzyme in the hypothalamic region of suicide victims has been reported (Sherif et al. 1991). The MAOA gene
is localized to Xp11.23-p11.4. A 30 bp repeat in the promoter region has been associated with levels of expression
(Sabol et al. 1998) where alleles 2 (with 3.5 repeats) and 3 (with four repeats) were associated with higher in vitro
transcriptional activity. These alleles have also been associated with higher 5HIAA levels (Jonsson et al. 2000;
Williams et al. 2003) and lower response to serotonin (as measured by increase in circulating prolactin levels upon
fenfluramine administration) (Manuck et al. 2000). Two additional polymorphisms, EcoRV (rs1137070) and Fnu4HI
(rs6323), have been associated with changes in enzyme activity (Hotamisligil and Breakefield 1991). The promoter
VNTR has been examined in more than eight studies, with Ho et al. (2000) finding the 132 bp allele 3 to be associated
with risk for suicide attempts in bipolar disorder patients. The authors also analyzed and found the Fnu4HI (rs6323)
T-allele to be associated with suicide risk in the same sample (Ho et al. 2000). Courtet et al. (2005) found in a sample
of hospitalized suicide attempters with various diagnoses that alleles 2 and 3 were overrepresented in violent
attempters. Other polymorphisms in this 90.66 kb gene should be interrogated for possible association with suicidal
behavior. Only one study (Brezo et al. 2010) explored the 115.8 kb MAOB gene, which is adjacent to MAOA, in
association with suicide attempts. The authors did not report any significant findings with two examined MAOB
polymorphisms.

11.3.2. D����������� S�����

The dopamine system has not been a major target for suicide genetic research. There have been few studies looking
into altered dopamine (and norepinephrine) levels in brain tissues of suicide victims (Arango et al. 1993) and
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cerebrospinal fluid (CSF) of suicide attempters (Roy et al. 1986; Jones et al. 1990; Lester 1995). Dopamine has also
been associated with impulsivity, a personality trait that is implicated in suicide (van Gaalen et al. 2006; Oswald et al.
2007).

11.3.2.1. Tyrosine Hydroxylase

Tyrosine hydroxylase (TH) is a small 7.9 kb gene located on chromosome 11p15.5. A nominally significant finding
was reported between the putatively functional 252 bp eight-repeat allele of the tetranucleotide repeat (Albanese et al.
2001) in the promoter region of TH and suicide attempters compared to healthy control subjects (Persson et al. 1997).
Another research group did not replicate these positive findings with suicide attempt in bipolar disorder patients (Ho
et al. 2000). Giegling et al. (2008) investigated three SNPs in the DOPA decarboxylase (DDC) gene in addition to the
Val81Met (rs6356) and a 3′ polymorphism (rs3842727) in the TH gene. They did not find positive results with either
gene. Gerra et al. (2005) explored the relationship between the gene coding for the dopamine transporter SLC6A3 and
did not find the VNTR in the 3′ untranslated region of the gene to be associated with male suicide-attempting heroin
addicts compared to controls. The VNTR in exon 3 of the dopamine DRD4 gene has also been investigated in two
studies (Persson et al. 1999a; Zalsman et al. 2004) with negative findings.

11.3.2.2. Catechol-O-Methyltransferase

Catechol-O-methyltransferase (COMT) deactivates dopamine and norepinephrine by the addition of a methyl group
from S-adenosylmethionine. The 27.2 kb gene is mapped to 22q11.1-q11.2. The Val158Met (rs4680) polymorphism
has been investigated in many psychiatric disorders. The Met allele has been associated with lower thermostability
and resultant lower COMT enzymatic activity (Weinshilboum and Raymond 1977; Lachman et al. 1998). Two meta-
analyses have been conducted. Kia-Keating et al. (2007), using data from six previous studies (Ohara et al. 1998a;
Nolan et al. 2000; Russ et al. 2000; Liou et al. 2001; Rujescu et al. 2003; Ono et al. 2004), found the low-functioning
Met allele to be associated with suicide risk. However, the results could be influenced by the different sex ratios
among the studies. It is important to note that several groups have reported the sex-specific association of suicidal
behavior with Val158Met (Nolan et al. 2000; Ono et al. 2004). Calati et al. (2011) presented an updated meta-analysis
with four additional samples (De Luca et al. 2005a, 2006b; Baud et al. 2007; Zalsman et al. 2008), and they did not
report Val158Met to be significant. Similar to the Kia-Keating et al.’s (2007) paper, this meta-analysis could be
influenced by different case–control matching strategies employed by each included study or insufficient number of
studies. In addition, both meta-analyses reported a significant effect of sex ratios (Kia-Keating et al. 2007; Calati et al.
2011). Sex-specific analysis of this and additional COMT polymorphisms (e.g., Nackley et al. 2006) in suicide are
warranted.

11.3.2.3. Dopamine Receptor DRD2

Four suicide phenotype studies of the dopamine receptor DRD2 gene (11q22-q23) have been published. Finckh et al.
(1997) reported an exon 8 polymorphism in the 3′ untranslated region where the AA genotype appeared to be
overrepresented in the alcoholic patients with history of suicide attempts. Subsequent studies investigated a putatively
functional promoter insertion/deletion polymorphism (–141 Ins/Del, rs1799732; Arinami et al. 1997), with Johann et
al. (2005) reporting the Del allele conferring risk for suicide attempt or ideation in alcoholics. Suda et al. (2009)
recently reported the Ins allele as well as the A2 allele of the TaqIA polymorphism to be overrepresented in the
suicide attempters compared to the healthy controls. A third paper by Ho et al. (2000) did not find –141C Ins/Del to
be associated with suicide attempt in their sample of bipolar and unipolar disorder patients. Additional DRD2
polymorphisms, particularly the putatively functional C957T (rs6277, Duan et al. 2003b), rs12364238, and rs1076560
(Zhang et al. 2007) markers, should be explored in suicidal behavior. Caution must be given when analyzing DRD2
markers as, similar to 5HTT, many of these DRD2 markers have been implicated in a number of psychiatric disorders
(Noble 2003).

11.3.3. H�����������–P��������–A������ A���

The Hypothalamic Pituitary Adrenal (HPA) axis is a very important component of the stress response system. HPA
axis abnormalities, as indicated by nonsuppression in the dexamethasone suppression test, have been implicated in
suicidal behavior (McGirr et al. 2010; Pompili et al. 2010). One study has explored two polymorphisms (rs1870393
and rs3176921) in the corticotrophin-release hormone (CRH) gene in suicide attempt using a family-based study
design (Wasserman et al. 2008). The authors reported negative findings. Wasserman et al. (2008) also investigated
two polymorphisms in the gene coding for the CRH receptor (CRHR1) (rs4792887 and rs1396862) and found the T-
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allele of rs4782887 to confer risk for suicide attempts, particularly in males who had experienced low-level stressful
life events. In the same year, Papiol et al. (2007) reported a similar study genotyping two different CRHR1 SNPs
(rs110402 and rs242937) in their sample of suicide attempters and healthy controls. They did not find these SNPs to
be associated with suicide attempt. Papiol et al. (2007) also reported negative findings with two SNPs (rs2270007 and
rs2240403) in the CRH receptor 2 gene (CRHR2), in contrast to a nominal association of a GT-repeat polymorphism
in CRHR2 with severity of suicidal behavior measured in bipolar disorder subjects in a nuclear family sample (De
Luca et al. 2007). Papiol et al. (2007) also did not find one putative functional SNP (rs1360780; Binder et al. 2004) in
FK506-binding protein (FKBP5) gene to be associated with suicide attempt, but Willour et al. (2009) reported
significant association of four markers in FKBP5 with bipolar disorder depending on suicide attempt status. Papiol et
al. (2007) did not find two SNPs (rs7728378 and rs1875999) in the gene encoding CRH-binding protein (CRHBP) to
be significant, the results that are not consistent with a more recent report of an association between CRHBP and
suicide attempt history in schizophrenia patients (De Luca et al. 2010). Although our group (De Luca et al. 2010) did
not find the glucocorticoid receptor gene (NR3C1) to be associated with suicide attempt history in schizophrenia
patients, increased methylation of specific NR3C1 promoter CpG sites have been reported in the hippocampi of
suicide victims with history of childhood trauma (McGowan et al. 2009), the results that may account for the
observed decreased expression of glucocorticoid receptors in these brain regions (Labonte and Turecki 2010).

11.3.4. B����-D������ N����������� F����� ��� T����������-R������ K����� B

Decreased brain-derived neurotrophic factor (BDNF) levels have been reported in suicide victims (Dwivedi et al.
2003; Karege et al. 2005; Kim et al. 2007; Dwivedi 2010). Of the regional SNPs, the Val66Met (rs6265)
polymorphism has received more attention in genetic studies of suicide. Initial studies of this functional
polymorphism did not find it to be associated with suicide attempts (Hong et al. 2003; Huang and Lee 2007).
However, Vincze et al. (2008) found an overrepresentation of the Val allele in violent bipolar suicide attempters
versus healthy controls. The majority of recent studies reported the Met allele to be associated with suicide attempt in
the context of various psychiatric diagnoses, including schizophrenia (Huang and Lee 2007), bipolar disorder (Kim et
al. 2008), and depression (Iga et al. 2007; Sarchiapone et al. 2008). Additional studies did not report the Val66Met to
be associated with suicide (Zarrilli et al. 2009; Kohli et al. 2010; Spalletta et al. 2010) or worsening of suicidal
behavior during a drug trial in treatment-resistant depressed adolescents (Brent et al. 2010). Overall, a recent meta-
analysis by our group of 11 published studies found the Met allele to be associated with risk for suicide (p = 0.032;
OR  = 1.16; 95% CI: 1.01–1.32; Zai et al. 2011).

The association of BDNF may be influenced by its downstream receptor tropomyosin-related kinase B (NTRK2;
Kunugi et al. 2004). Kunugi et al. (2004) was first to report an association between Ser205Leu of NTRK2 and
depressed suicide. McGregor et al. (2007) did not replicate this finding in young adults who had childhood depression
and had been prospectively followed for over 20 years. More recently, multiple polymorphisms in the NTRK2 gene
have been consistently associated with suicidal behavior. Perroud et al. (2009) found NTRK2 to be associated with
suicidal ideation in the Genome-based Therapeutic Drugs for Depression (GENDEP) study and Kohli et al. (2010)
recently supported these findings by showing that multiple polymorphisms in NTRK2 were associated with suicide
attempt history in two ethnically distinct depression samples. Gene–gene interaction may be able to refine the
association findings in suicide and identify pathways involved in this devastating outcome. In addition, the observed
changes in BDNF expression levels in suicide could be epigenetically determined. Keller et al. (2010) reported
hypermethylation at specific CpG sites in the BDNF promoter region that correlated with decreased BDNF
expression. Similarly, hypermethylation at specific CpG dinucleotides in the NTRK2 gene promoter have been linked
to reduced frontal cortical expression of a TrkB protein isoform in postmortem brain studies in suicide victims (Ernst
et al. 2009). Further discussion of methylation and other epigenetic mechanisms is provided later.

11.3.5. A��������� R������� A2A

The levels of adrenergic α-2A receptor have been found increased in the postmortem brain tissues of depressed
suicide victims (De Paermentier et al. 1997; Garcia-Sevilla et al. 1999). However, these findings need further
replication (Gross-Isseroff et al. 2000). Its gene, adrenergic receptor A2A (ADRA2A), is 3.65 kb in length and mapped
to chromosomal region 10q24-q26. The Asn251Lys (rs1800035) polymorphism has been reported as functional
because the Lys allele increases the ligand-mediated G-protein coupling and enhances downstream signaling in the
inhibition of adenylate cyclase and activation of MAPK (Small et al. 2000). Neither Ohara et al. (1998b) nor Sequeira
et al. (2004) found significant results with a promoter polymorphism (C-1291G, rs1800544) in Japanese suicide
attempters with mood disorders and French Canadian suicide victims, respectively. A more recent study by Fukutake
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et al. (2008), however, reported the C-1291 allele to be associated with risk for female suicide completion in their
Japanese sample.

11.3.6. O���� G����

Poulter et al. (2008) found increased anterior prefrontal GABRA1 gene promoter methylation that was consistent with
their previous finding of decreased anterior prefrontal GABRA1 levels in major depressive suicide victims (Merali et
al. 2004). There is increasing evidence of altered expression of GABA (γ-aminobutyric acid) system components in
suicide, yet genetic studies of GABA system genes in suicide are still lacking. One study investigating
polymorphisms in the GABA  receptor α3 subunit gene GABRA3 (Baca-Garcia et al. 2004), and another study on the
glutamate decarboxylase genes GAD1 and GAD2, did not find a significant association with suicidal behavior (De
Luca et al. 2004b). Nonetheless, recent reports of altered GABA receptor subunit mRNA expression in depressed
suicide victims (Sequeira et al. 2009; Poulter et al. 2010) encourage exploration of additional GABA system genes in
suicide (Lee et al. 2009). In particular, the altered expression levels point to examination of polymorphisms in
regulatory regions.

Signaling molecules have been investigated in suicidal behavior. The rs1130214 and rs2494746 markers in the gene
coding for the intracellular signaling molecule protein kinase B (AKT1) were associated with suicide attempt and
violent attempt, respectively (Magno et al. 2010). Previously, angiotensin-receptor blockers were identified as a
possible risk factor for suicide (OR = 3.52) (Callreus et al. 2007). Four studies have explored the role of the
angiotensin-converting enzyme (ACE) gene in suicidal behavior. Two studies found the low-functioning insertion
allele (Rigat et al. 1990) to be associated with suicide completion (Hishimoto et al. 2006; Fudalej et al. 2009). One
study found the deletion allele to be overrepresented in suicide attempters and completers compared to controls
(Sparks et al. 2009), while another did not find this marker associated with suicide attempt history in depressed
patients (Hong et al. 2002). Other genes that have been implicated in suicidal behavior and are awaiting replication
include apolipoprotein E (APOE) (Hwang et al. 2006), cholecystokinin (CCK; Shindo and Yoshioka 2005), 14-3-3
epsilon (Yanagi et al. 2005), spermine/spermidine N-acetyltransferase (SAT1; Sequeira et al. 2006), regulator of G-
protein signaling (RGS2; Cui et al. 2008), and neuronal nitric oxide synthase (NOS1; Rujescu et al. 2008; Cui et al.
2010).

11.3.7. G�����-W��� S������ �� S������

Zubenko and coworkers reported a genome-wide linkage study of suicide attempts in 81 families where the probands
were affected by recurrent early-onset major depression (Zubenko et al. 2004). Using 389 microsatellite markers, they
reported significant linkage in chromosomal regions 2p, 5q, 6q, 8p, 11q, and Xq. Hesselbrock et al. (2004) reported
another genome scan of suicide using 336 microsatellite markers across the genomes of multiplex families affected by
alcoholism from the Collaborative Study on the Genetics of Alcoholism (COGA). When they conducted a
nonparametric analysis on 59 pairs of siblings who had both attempted suicide(s), they found the marker D2S1790
near chromosomal region 2p11 to be linked (Hesselbrock et al. 2004). The findings on 2p12 were later replicated in a
sample of 162 bipolar disorder pedigrees (Willour et al. 2007). This study on bipolar disorder patients also found
linkage with markers D6S1035, D6S1277, and D6S1027 on chromosome 6q25-q26 (Willour et al. 2007). The marker
D6S1035 was found to be linked to bipolar disorder/recurrent major depressive disorder diagnosis in a large sample of
154 families from the National Institute of Mental Health genetics initiative (Cheng et al. 2006); however, two other
markers at 6q24-q25, D6S1848 and D6S2436, were found to be linked to suicide completion in this bipolar disorder
sample. Recent advances have allowed for large-scale genotyping of SNPs across the genome in large samples to
carry out genome-wide hypothesis-generating studies. Unfortunately, using genome-wide significance threshold of 5
× 10  did not yield significant findings from any of the published studies thus far, indicating that the genetic
architecture underlying suicidal behavior is complex with multiple genes of moderate effect. Perroud et al. (2012)
published a genome-wide association study of treatment-associated suicidality on the GENDEP sample of 706 major
depression patients treated with escitalopram or nortriptyline. These patients were assessed for increased suicidality
during 12 weeks of treatment using a composite score calculated from the 3rd item of the HDRS-17, the 10th item of
the Montgomery-Asberg Depression Rating Scale, and the 9th item of the Beck Depression Inventory. The authors
found rs11143230 downstream of the guanine deaminase (cypin) (GDA) gene to be most significantly associated with
increased suicidality during antidepressant treatment. They also found rs358592 in the voltage-gated potassium
channel (KCNIP4) gene and rs4732812 upstream of the elongation protein 3 homolog (ELP3) gene to be most
significantly associated with increased suicidality during escitalopram treatment. The rs6812841 marker was most
significantly associated with increased suicidality during nortriptyline treatment. Since cypin interacts with the
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postsynaptic density protein-95 (PSD-95), and PSD-95 is involved in glutamatergic neurotransmission, glutamate
signaling may be involved in suicidality. The authors also extracted genotypes for SNPs in 33 candidate genes for
suicide, and they found the NTRK2 gene to be the most significant in the escitalopram-treated group and the CRHR2
gene to be the most significant in the nortriptyline-treated group (Perroud et al. 2010b). A genome-wide association
study was conducted using two bipolar disorder and two major depressive disorder patient conglomerate samples
totaling 8737 patients of which 2805 had a lifetime history of at least one suicide attempt (Perroud et al. 2010b). The
strongest association signal came from the intergenic marker rs1466846 for suicide attempt in the bipolar disorder
discovery sample, and rs2576377 in the Abl-interactor family member 3 binding protein (ABI3BP/TARSH) gene for
suicide attempt in major depression discovery sample. However, these findings were not replicated in the bipolar
disorder or major depression replication samples. The authors selected 19 candidate genes for suicide and found only
nominal results with FKBP5 and NGFR genes (Perlis et al. 2010). The authors further conducted a random effects
meta-analysis of markers with p < 1 × 10  across all four mood disorder samples, half of the 10 most significant
markers reside in the gene coding for sorbin and SH3-domain containing-1 (SORBS1), which has been implicated in
insulin signaling. Willour et al. (2011) reported a genome-wide association study using the same samples of bipolar
disorder patients. After metaanalysis of markers with p < 1 × 10  from the first sample in both bipolar disorder
samples, they found the most significant signal with rs300774 in an intergenic region at 2p25 in linkage
disequilibrium with the SH3YL1, ACP1, and FAM150B genes. Further investigations in postmortem prefrontal cortical
brain samples from suicide completers revealed significantly higher ACP1 expression in suicide victims compared to
non-suicidal victims (Willour et al. 2011). More recently, another genome-wide association study of suicidality was
reported on major depression sample from the RADIANT study (Schosser et al. 2011). In addition to analyzing the
discrete variable of serious suicide attempt, genotypes were also analyzed using the SCAN interview, which captures
suicide severity from suicide ideation to attempt. None of the top findings from the RADIANT sample were
replicated in the German replication sample. However, meta-analysis of top findings from the RADIANT and
Sequenced Treatment Alternatives to Relieve Depression (STAR*D) samples revealed an association with rs1377287
in the solute carrier family 4 member 4 (SLC4A4) gene. Recent advances in genotyping technologies have enabled us
to collect large amounts of genetic information. However, more work needs to be done in terms of better
characterization of suicidal behavior and clearer understanding of how gene markers work in pathways to clarify these
preliminary whole-genome findings.

11.4. METHODOLOGICAL AND PHENOTYPIC CONSIDERATIONS
With most of the genetic findings of suicidal behavior being nominal or mixed, it has become apparent that there are
numerous issues that need to be resolved as we move toward more comprehensive and large-scale genome-wide
studies. These issues of suicide genetic studies, as well as more recent research strategies, are discussed later.

11.4.1. G���–G��� I�����������

Genes rarely work alone. Relatively low ORs derived from meta-analyses of various candidate genes discussed earlier
suggest that multiple genes are involved in the complex phenotype of suicide. Only a handful of studies looked at the
combined effect of two or more genes in suicidal behavior. Our group (De Luca et al. 2010) reported a nominally
significant interaction between CRHR1 rs16940665 and CRHBP rs1875999 in the severity of suicidal behavior in a
sample of 231 schizophrenia patients. Investigation into the interaction between MAOA and COMT polymorphisms in
suicide attempt did not yield significant findings in schizophrenia or bipolar disorder patients (De Luca et al. 2005a,
2006b). The interaction between the X-linked genes MAOA and HTR2C also was not significant (De Luca et al.
2008b). Vincze et al. (2008) found BDNF and 5HTT polymorphisms to be independently associated with violent
suicide in their bipolar disorder sample, but they did not find a significant interaction between these two genes in
suicidal behavior. Perroud et al. (2009) recently found a significant interaction between BDNF and NTRK2
polymorphisms in suicidal ideation in their GENDEP clinical trial sample. Additional interactions between genes
should be explored, using software including the generalized multifactor dimensionality reduction (GMDR; Lou et al.
2007) and HELIXTREE (Golden Helix, Inc.; e.g., Zai et al. 2009). With large datasets from genome-wide association
and gene expression microarray studies, pathway analysis using ingenuity pathway analysis (IPA; e.g., Inada et al.
2008; Charlesworth et al. 2010) could be a viable option for more comprehensive analysis of gene pathways in
suicidal behavior.

11.4.2. G���–E���������� I�����������
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Suicidal behavior is considered a complex phenotype that involves both genetic predispositions and distal/proximal
environmental factors (Roy et al. 2009). Personal history of childhood abuse has been repeatedly implicated as a risk
factor for suicidal behavior (Brodsky et al. 1997; Melhem et al. 2007; Brezo et al. 2008b; Carballo et al. 2008). Some
epidemiological studies have estimated that sexual abuse may explain 20% of the risk variance in suicide (Brent and
Melhem 2008). Using data collected for the Dunedin Multidisciplinary Health and Development study, Caspi et al.
(2003) found that individuals carrying the HTTLPR short (S) allele and who experienced childhood (during 3–11
years of age) maltreatment or increasing number of stressful life events (at 21–26 years of age), assessed using the
life-history calendar, were more prone to suicidal ideation or attempts. Gibb et al. (2006) reported similar findings of
increased risk of suicide attempts in 30 psychiatric inpatients who were HTTLPR S-allele carriers and who had
experienced physical or sexual abuse but not emotional abuse. Roy et al. (2007) also reported in a sample of African-
American substance-dependent patients that those carrying the low-expressing 5HTT genotypes (SS, SLg, and LgLg)
and having experienced higher levels of childhood trauma (as assessed by the Childhood Trauma Questionnaire) were
at increased risk for suicide attempts. The interaction between S-allele carrying genotypes and maltreatment was also
observed in suicidal ideation in low-income children (Cicchetti et al. 2010). A recent study did not replicate the
findings on suicidal ideation in 3243 subjects from 2230 families with HTTLPR (Coventry et al. 2010). Possible
explanation for the discrepancy between this study and the others could be that stressful life events assessed for this
study were restricted to 12 months leading up to the study rather than history of childhood trauma as assessed in most
of the other studies. Nonetheless, further investigations using various study designs are required to resolve these
mixed findings. Also, measurement of life events needs to be standardized and likely more information will be
obtained if the life events are quantified (Risch et al. 2009; Uher et al. 2011; Mandelli et al. unpublished).

While individuals carrying the MAOA VNTR low-functioning allele were more prone to antisocial behavior and
conduct disorder (Caspi et al. 2002), they were not prone to suicidal behaviors (Caspi et al. 2003). Brezo et al. (2010)
recently reported on a large longitudinal study wherein a cohort of 1255 youths was followed for 22 years and
assessed for the development of mood disorders and suicidal behaviors. The authors then examined variants within 11
serotonin system genes for association with these psychiatric phenotypic outcomes. They also explored the possible
interaction between these gene variants and childhood physical/sexual abuse on these outcomes. They reported that
the TPH1 rs10488683 marker was associated directly with suicide attempt and three markers in HTR2A were
associated with suicide attempt with history of abuse (Brezo et al. 2010). Thus, given these initial reports, it appears
that incorporation of stressful life events and/or maltreatment is a useful strategy for enhancing genetic studies of
suicide.

11.4.2.1. Effects of Medication or Substance Use

Bipolar subjects with comorbid substance use disorders (SUD) had a 39.5% rate of lifetime attempted suicide,
compared to those without SUD at a rate of 23.8% (Dalton et al. 2003). A forensic study on suicide victims with
respect to alcohol intake prior to suicide showed that while HTTLPR, TPH1 A218C, and ACE insertion/deletion
variants were not associated with the presence of alcohol in the blood of suicide victims at time of death, TPH2
rs1386483 TT genotype appeared underrepresented in the group of suicide victims where alcohol was detected. This
suggests that the TPH2 marker may protect against suicide related to alcohol consumption (Fudalej et al. 2009).

The majority of suicidal behavior occurs in depressed patients, but the role of antidepressants in suicide remains
controversial. Some reports suggest that certain antidepressants increase the risk of suicide (Teicher et al. 1990; Khan
et al. 2003), but others argue against it (Gibbons et al. 2007). Perroud et al. (2009) published the first paper examining
the effects of candidate gene variants on the emergence or worsening of suicidal behavior, as measured by the Beck
Depression Inventory (BDI) and Montgomery-Åsberg Depression Rating Scale (MADRS), during 12 weeks of
antidepressant treatment in the GENDEP clinical trial on 796 major depressive disorder patients. The authors
analyzed genes implicated in the mechanism of the antidepressants escitalopram and nortriptyline, namely, TPH1,
TPH2, HTR1A, HTR2A, 5HTT, ADRA2A, SLC6A2, BDNF, and NTRK2. The BDNF markers rs962369 and
rs11030102 were significantly associated with suicide ideation, as was the rs1439050 marker in the BDNF receptor
gene NTRK2. They also found haplotypes containing Val66 to be associated with an increase in suicidal ideation. In
male patients taking nortriptyline, the authors found ADRA2A rs11195419 A-allele carriers to have increased suicidal
ideation at a 12 week follow-up compared to GG genotype carriers. This finding highlights the importance of genetic
findings in the context of medication treatment. Brent et al. (2010) also looked at the changes in suicidality in
treatment-resistant depressed adolescents after 12 weeks of being on another antidepressant medication alone or in
combination with cognitive behavioral therapy. They found FKBP5 to be associated with suicide events (worsening or
emergence of suicidal behavior during the study treatment period). Laje et al. (2007) reported findings from screening
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of SNPs within 68 candidate genes; they found markers in the glutamate receptor genes glutamate receptor,
ionotropic, kainite 2 (GRIK2) and glutamate receptor, ionotropic, alpha-amino-3-hydroxy-5-methyl-4-isoxazole
propionate 3 (GRIA3) to be associated with suicide ideation emerging during selective serotonin reuptake inhibitor
(SSRI) treatment in patients from the STAR*D clinical trial, while the genes BDNF or NTRK2 were not associated. In
the same sample, Perlis et al. (2007) found the cAMP response element–binding protein (CREB1), which acts
upstream of BDNF, to be associated in males only. Laje et al. (2009) followed up with the first genome-wide
association study (GWAS) in the same sample using the Illumina Human-1 BeadChip that samples 109,365 SNPs.
They reported the proteoglycan-like sulfated glycoprotein papilin gene PAPLN and the interleukin receptor gene
IL28RA to be genome-wide significant (Laje et al. 2009). An important limitation of the GWAS approach is the
extensive correction required for massive multiple testing. In the statistical effort to reduce false positive findings,
important true positives may be missed.

11.4.2.2. Epigenetic Mechanism

We have noted earlier in this chapter that there is a strong genetic component in suicidal behavior. It is possible that
part of this strong genetic component is determined by DNA modification, that is, epigenetics (Petronis 2010). The
epigenetic factors may include modifications of histone proteins and cytosine residues at CpG dinucleotides within
promoter regions of genes. While epigenetic signatures are heritable, they can be modified by the environment, as
demonstrated in rodent models of maternal nursing behavior (Weaver et al. 2004) and physical exercise (Collins et al.
2009). In the maternal behavior model, maternal licking and grooming of the pups was shown to alter the epigenetic
profile at the glucocorticoid receptor (NR3C1) gene promoter, as well as change the binding of a specific transcription
factor (EGR1) to the NR3C1 promoter, alter hippocampal NR3C1 expression, and alter HPA stress response in the
pup. Physical exercise has also been shown to alter histone modification patterns in the dentate gyrus (Collins et al.
2009). These epigenetic modifications in turn change promoter activity via differential binding to transcription factors
and silencers. In a human postmortem study, McGowan et al. (2009) extended these findings to humans, wherein
suicide victims who had experienced child abuse had increased cytosine methylation at the binding site for EGR1
compared to suicide victims without history of abuse. The authors went on to demonstrate in cell culture experiments
that the observed specific methylation interfered with EGR1 binding, leading to decreased NR3C1 promoter activity
(McGowan et al. 2009). In view of these mechanisms, the gene–environment interactions noted earlier could be partly
mediated by an epigenetic mechanism (Tsankova et al. 2007). Other postmortem brain studies have shown
hypermethylation in CpG islands of promoters of other genes, including rRNA (McGowan et al. 2008), GABRA1
(Poulter et al. 2008), NTRK2 (Ernst et al. 2009), spermine oxidase (SMOX; Fiori and Turecki 2010), and BDNF
(Keller et al. 2010). Given that hypermethylation leads to decreased promoter activity, the observations could explain
the decreased expression of these gene products reported in suicide victims. Thus, epigenetic investigation of other
suicide candidate genes may clarify some of the inconsistencies in genetic findings of suicidal behavior. Further
investigations including differential allele expression should also be carried out (De Luca et al. 2011).

11.4.3. B����� C��������������� �� S������� B�������

As previously mentioned, suicidal behaviors range from suicidal ideation through attempts of varying degrees of
intentionality and lethality to suicide completion. Even though family studies have pointed to overlapping genetic
basis among these three behaviors, their differences may explain in part the inconsistencies in the results reported in
genetic studies.

11.4.3.1. Consideration of the Psychiatric Disorder Context

Another possible explanation for the mixed candidate gene findings could be that different research groups used
different case–control matching strategies. Many studies matched suicide victims with healthy control subjects. These
studies would not be able to distinguish possible associations between the genetic variants and psychiatric disorders
from associations between these same genetic variants and suicide. Preexisting psychiatric disorders likely play a
significant role (Arsenault-Lapierre et al. 2004). For instance, over 90% of a random sample of suicide victims have at
least one Axis I psychiatric diagnosis upon psychological autopsy (Henriksson et al. 1993; Cavanagh et al. 2003).
Over half of the suicide victims suffered from a depressive disorder though the prevalence is higher in females
compared to males. Alcohol dependence, on the other hand, was observed more often in male victims (39%) than in
females (18%). Eighty-eight percent of these victims had two or more diagnoses. Ernst et al. (2004) studied the 10%
of suicide completers with no Axis I diagnoses (n = 16) detected in their psychological autopsy sample and compared
them with living controls. They concluded that most of the individuals who committed suicide and appeared
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psychiatrically normal after a psychological autopsy may have had an underlying psychiatric process that the
psychological autopsy method, as commonly carried out, failed to detect.

A possible way to overcome this methodological problem would be to match suicide attempters with suicide
nonattempters who have the same underlying psychiatric disorders, but the comparability of these groups is based on
the assumption that the genetic mechanism of suicide attempts is the same for all psychiatric disorders. Both
borderline personality disorder and major depressive disorder have high rates of suicide, but suicide attempters with
borderline personality disorder display significantly more impulsive aggression than attempters with major depression
alone. The former group also made their first suicide attempts at significantly younger ages than the latter group of
patients (Soloff et al. 2000). Although not without its challenges, patients with suicide attempts and borderline
personality disorder can be matched with borderline personality disordered patients without suicide attempts. One
challenge in this regard is the fact that recurrent suicidal behavior is regarded as a common diagnostic feature of
borderline personality disorder; thus, patients without suicide attempts are less common and it is therefore more
difficult to obtain a large sample size.

11.4.3.2. Intermediate Phenotypes

Gene expression profiling will be increasingly used to look for new candidate genes for suicide. Klempan et al. (2009)
recently published replicated findings of reduced SAT1 gene expression across 12 postmortem cortical regions of
depressed suicide victims compared to nonpsychiatric controls from the Quebec Suicide Brain Bank. Sequeira et al.
(2009) reported findings from the first gene expression microarray analysis on samples from the same brain bank.
Down-regulation of the metabotropic glutamate receptor (GRM3) was found in the prefrontal and parietal cortices of
suicide victims with or without depression compared to controls. They also found altered expression of multiple
subunits of the GABA  receptor in suicide victims with depression compared to non-suicidal controls. GABA
receptor expression was also altered in depressed suicide victims compared to suicide victims without history of
depression. These findings suggest that the altered expression of GABA  subunit genes may be specific for major
depression and not directly related to suicide (Sequeira et al. 2009). If these results are replicated in independent
samples, expression changes may serve as a candidate intermediate phenotype that may disentangle the confounds
between suicide and depression.

van Heeringen et al. (2003) found reduced 5HT2A receptor binding in the frontal cortical region of a sample of
suicide attempters compared to normal controls. Also, impulsivity was correlated to 5HTT binding in suicide
attempters, but not in controls (Lindstrom et al. 2004). A single-photon emission computed tomography (SPECT)
split-dose activation study undertaken after a verbal fluency test found decreased prefrontal cortical activation in
recent depressed suicide attempters compared to healthy controls (Audenaert et al. 2002). BDNF Val66Met was
recently associated with 5HTT binding in multiple brain regions, with the ValVal genotype associated with higher
5HTT availability than the Met-containing genotypes in both male suicide attempters and healthy controls
(Henningsson et al. 2009). It appears that genetic studies of brain imaging data, as well as postmortem studies (e.g.,
Hercher et al. 2009, 2010) with respect to suicidal behavior, should take into account potential confounders, including
underlying psychiatric diagnoses and medication.

The mechanism of suicidal attempt and completion may be mediated by personality traits (e.g., Brezo et al. 2006,
2008a). In particular, family studies have pointed to impulsive aggression or Cluster B personality disorder to be an
intermediate phenotype of suicide (Brent et al. 1996; Johnson et al. 1998; Kim et al. 2005; Zouk et al. 2006; Diaconu
and Turecki 2009; McGirr et al. 2009). The more suicidal behaviors aggregate within families, the higher the level of
aggressive behavior observed in both the probands and their offspring (Brent et al. 2003; Melhem et al. 2007). Twin
studies have demonstrated the genetic heritability of aggressive trait to be ∼45% (Rushton et al. 1986; Coccaro et al.
1997). Impulsivity has been associated with a promoter polymorphism in HTR1A (Benko et al. 2010) and HTR2A
(Nomura et al. 2006). HTR2A (Giegling et al. 2006; Serretti et al. 2007a) and MAOA (Manuck et al. 2000) have also
been associated with anger and aggression. Whether or not previous associations reported between suicide and
HTR1B (Zouk et al. 2007), HTR2A (Preuss et al. 2001; Giegling et al. 2006), and MAOA (Manuck et al. 2000; Courtet
et al. 2005) were due to an underlying association between these genes and aggressive behavior remains to be further
scrutinized.

Several personality traits, namely, neuroticism, hopelessness, and extroversion as measured using standardized
instruments including the NEO-PI-R, have been found to be associated with suicide ideation, attempt, and completion
(Brezo et al. 2006; Heisel et al. 2006; Stankovic et al. 2006). Within the domain of neuroticism, the depression facet
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was associated while self-consciousness was inversely related to suicidal ideation (Chioqueta and Stiles 2005). Using
available follow-up data for up to 7 years from the Collaborative Longitudinal Personality Disorders study, Yen et al.
(2009) found negative affect to be a significant predictor of suicide attempt, even after accounting for gender,
childhood sex abuse, major depressive disorder, and SUD. Genetic studies of these suicide-related personality traits
may clarify some of the mixed findings in suicide.

Suicidal behavior has also been suggested to be partly associated with impaired problem solving (Sakinofsky et al.
1990) and learning and decision making. As such, Jollant et al. (2005) compared performance on the Iowa Gambling
Task (Bechara et al. 1999) between suicide attempters and nonattempters, and found attempters to perform
significantly worse than nonattempters, irrespective of psychiatric disorder or violence of the attempts. Subsequently,
Jollant et al. (2007) investigated polymorphisms in the serotonergic system (TPH2, 5HTT, TPH1, and MAOA) in the
Iowa Gambling Taskin suicide attempters. While overall performance on the task was not significantly different
among the genotype groups of each polymorphism, the suicide risk genotype carriers improved significantly less than
the other genotype carriers over the course of the task (Jollant et al. 2007). The results suggest that these genetic risk
variants influence the rigidity in the decision-making process and the inability to learn from negative outcomes from
earlier decisions in suicide attempters. It is important to note that performance on the Iowa Gambling Task was
correlated to emotional lability and anger expression but not impulsivity (Jollant et al. 2005). Interestingly, the AA
genotype of the A218C marker in TPH1 has been associated with reduced anger control in suicide attempters (Baud et
al. 2009). The recently published modified Stroop test may offer more accurate predictive information for suicidal
behavior (Malloy-Diniz et al. 2009; Cha et al. 2010); however, the long-term predictive value of this test remains to
be evaluated.

11.5. CONCLUDING REMARKS
Family, twin, and adoption studies have established a genetic basis of suicidal behavior. However, suicide candidate
gene studies have been plagued by inconsistent findings. To move forward, a consensus needs to be reached for the
definition of different types of suicidal behaviors. Researchers are increasingly using the Columbia Classification
Algorithm of Suicide Assessment (C-CASA) to better categorize suicidal behaviors. This instrument requires the
suicidal act to be self-directed with intent to die (Posner et al. 2007). Intermediate phenotypes, including impulsive
aggression, major depression, borderline personality disorder, cognitive inflexibility, and stress sensitivity, should be
used to clarify the various aspects of suicidal behavior (Mann et al. 2009). Study design should control for sex (e.g., in
analysis of COMT) and underlying psychiatric disorders. Genes should be studied more comprehensively by
analyzing coding and promoter polymorphisms as well as tag markers across each gene to assess their role in suicidal
behavior and related phenotypes. The traditional candidate gene approach remains very important since understanding
the biology starts with one gene at a time (Neale and Sham 2004).

With the rapid development of genome-wide technology, GWAS are turning out some novel genes as in the study by
Laje et al. (2009). Analysis of genetic findings should include genes that are functionally related, using software such
as FORGE (Pedroso et al. in press), GMDR, and IPA. Key environmental contributors need to be considered as part
of the experimental design. These would include distal childhood trauma (sexual abuse, adverse life events), more
proximal acute stress, as well as support systems. The effect of environmental stressors may be mediated through
epigenetic regulation of gene expression (with microarrays analyzed using weighted correlation network analysis
(WGCNA); Zhang and Horvath 2005) including methylation and hydroxymethylation of CpG sites in gene promoter
regions (Irizarry et al. 2009). Thus, epigenetic examination of risk gene promoters will provide complementary data
that may account for part of the variance in gene expression levels and suicide susceptibility that cannot be explained
by polymorphisms alone.

Overall, suicide is a complex phenotype with multiple contributing genetic and environmental factors.
Multidisciplinary examination into suicidal behavior will enable us to elucidate the pathophysiological mechanism
underlying suicide. Understanding this mechanism may lead to better treatments and prevention in those at risk.
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