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ABSTRACT

Introduction. Biological factors, especially genetic ones, are associated with the development of suicidal
behavior. A 1.7- to 10.6-fold risk of developing suicidal behavior has been observed in individuals with first- or
second-degree relatives with suicidal behavior. It has been suggested that the serotonergic and dopaminergic
systems are involved in suicide attempts, particularly the SLC6A4 and MAOA genes. Objective. To analyze
the allele transmission of 5-HTTLPR/SLC6A4 and uVNTR/MAOA polymorphisms in families with suicide at-
tempts. Method. Fifty families with proband with a history of suicide attempts were included. All participants
were recruited at the Ramon de la Fuente Muniz National Institute of Psychiatry and evaluated using the
International Neuropsychiatric Interview (M.I.N.I.). Allele transmission analysis of the 5-HTTLPR and uVNTR
polymorphisms was performed using the Haploview program. Results. Analysis of allele transmission of the
5-HTTLPR/SLC6A4 polymorphism showed greater transmission of the S allele in probands (2= 6.6, p =
.0098) with a previous suicide attempt and in those with two or more suicide attempts (y>= 5.4, p = .019).
There was no observed preference in uVNTR/MAOA allele transmission. Discussion and conclusion. Our
data support the hypothesis that the serotonin transporter is implicated in the development of suicide attempts
in Mexican patients with mood disorders.

Keywords: Suicide attempt, 5-HTTLPR/SLC6A4, uVNTR/MAOA.

RESUMEN

Introduccioén. Los factores biolégicos, principalmente los genéticos, se encuentran vinculados al desarrollo
de la conducta suicida. Se ha observado un incremento de 1.7 a 10.6 veces el riesgo a desarrollar conducta
suicida en individuos con antecedentes de familiares de primer o segundo grado con conducta suicida. Se
sugiere que el sistemas serotoninérgico y dopaminérgico se encuentran implicados con el intento suicida,
destacando los genes SLC6A4 y MAOA. Objetivo. Analizar la transmisién de los alelos de los polimorfismos
5-HTTLPR/SLC6A4 y uVNTR/MAOA en familias con intento suicida. Método. Se incluyeron cincuenta fami-
lias donde el probando tenia el antecedente de intento suicida. Todos los participantes fueron obtenidos en
el Instituto Nacional de Psiquiatria Ramon de la Fuente Mufiiz evaluados con la Entrevista Neuropsiquiatrica
Internacional (M.I.N.I.). El analisis de transmisién de alelos de los polimorfismos 5-HTTLPR y uVNTR se rea-
liz6 mediante el uso del programa Haploview. Resultados. El andlisis del polimorfismo 5-HTTLPR/SLC6A4
mostré una mayor transmision del alelo S en los probandos con un intento suicida previo (¥ = 6.6, p = .0098)
y en aquellos con dos o mas intentos suicidas (y>= 5.4, p = .019). No se observé la transmisién preferente
de algun alelo del polimorfismo uVNTR/MAOA en la muestra analizada. Discusién y conclusién. Nuestros
datos respaldan la hipotesis de que el transportador de serotonina se encuentra implicado con el desarrollo
del intento suicida en pacientes mexicanos con trastornos del animo.

Palabras clave: Intento suicida, 5-HTTLPR/SLC6A4, uVNTR/MAOA.
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INTRODUCTION

Suicide is a worldwide public health problem affecting
all ages and genders, as noted by the WHO (Bachmann,
2018). It claims approximately 1.53 million lives annual-
ly, with attempts being ten to twenty times more prevalent.
This is equivalent to an average mortality rate of one per-
son every twenty seconds and an attempt every one to two
seconds, reflecting its impact on global health (Bertolote
& Fleishman, 2002). The incidence of suicide displays
regional variations, reflecting differing mortality rates
among continents. Mexico’s annual suicide rate stands at
five per 100,000 inhabitants, making it one of the coun-
tries with the lowest rates (Borges et al., 2010). Campil-
lo & Dolci (2021) reported that suicide mortality rose by
175% between 1970 and 2007, culminating in 4,388 cases
in 2007, with a rate of 4.12 per 100,000 individuals. This
sharp rise warrants a closer look at the causes behind this
concerning trend.

The association between suicide and psychiatric
disorders is well-documented, with affective disorders,
substance use, psychosis, eating disorders, and certain
personality disorders being common contributors (Brad-
vik, 2018). Mood disorders, particularly depression, have
been identified as the most frequent psychiatric conditions
linked to completed suicides (Isometsd, 2014; Rihmer &
Rihmer, 2019). Although psychopathology predicts sui-
cide risk, most diagnosed individuals do not attempt sui-
cide.

Twin and adoption studies have highlighted the ge-
netic components involved in suicide. Other studies show
that suicidal behavior is transmitted within families (Brent
& Melhem, 2008; Turecki & Brent, 2016), underlining
the need to consider genetics in suicide prevention strate-
gies. Studies have examined the link between key enzyme
genes, serotonin transporters, and suicidal behavior. The
serotonin transporter gene SLC6A44 has been strongly as-
sociated with suicide attempts (Gonda et al., 2011). The
SLC6A44 gene located on chromosome 17 (17ql11.1-12),
and a polymorphism in the promoter region, known as
5-HTTLPR, characterized by an insertion/deletion of a 44
base pair fragment, have been linked to suicidal behav-
ior. This polymorphism has two alleles: the short form “S”
(deletion) and the long variant “L” (insertion). The “SS”
genotype and the “S” allele of the 5-HTTLPR polymor-
phism have been positively linked to completed suicides,
suicide attempts, and a family history of suicidal behavior
(Li & He, 2007). Nevertheless, there have been inconsis-
tent findings across studies regarding these results (Turec-
ki, 2014; Picouto & Braquehais, 2015). Another gene of
interest encodes monoamine oxidase type A (MAOA), a
crucial enzyme for neurotransmitter metabolism, includ-
ing serotonin. Located on the short arm of chromosome
Xpll.3, the MAOA gene also contains a variable number
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tandem repeat (WWNTR) polymorphism in the promoter
region. It comprises thirty base pairs and expresses alleles
with two, three, four, and five copies, each conferring dif-
ferent levels of transcriptional activity (Sabol et al., 1998).

Research in Mexico has established a genetic link to
suicidal behavior, as demonstrated by the studies by Ge-
nis-Mendoza et al. (2017), Gonzalez-Castro et al. (2019),
Sarmiento-Hernandez et al. (2019), Cabrera-Mendoza et
al. (2020), and Sanabrais-Jiménez et al. (2022). Despite
this progress, there is a dearth of family-based studies in
this context. This study seeks to fill that gap by analyz-
ing the transmission of alleles for the 5S-HTTLPR/SCL6A44
and uVNTR/MAOA polymorphisms in families where the
proband has both a history of suicide attempts and a pri-
mary mood disorder diagnosis. We also aimed to compare
demographic and clinical features between probands and
their first-degree relatives.

METHOD

Participants

Participants were recruited through the outpatient, emer-
gency, and hospitalization services at the INPRFM in Mex-
ico City. Participants included adults over 18 with a lifetime
history of suicide attempts, a primary mood disorder diag-
nosis according to DSM IV-TR (Segal, 2010), and at least
one biological parent available during the study period. All
participants completed the Mini International Neuropsychi-
atric Interview (M.I.N.L.) to confirm primary diagnoses and
identify psychiatric comorbidities (Sheehan et al., 1998).

Assessment procedures

Demographic and clinical features were registered in an ad
hoc sheet report. These included sex, age, current diagno-
sis (major depressive disorder, dysthymia, bipolar disor-
der), and age of illness onset. Other characteristics includ-
ed current use of substances (nicotine, alcohol, marijuana,
cocaine) and suicide attempt features (number of suicide
attempts and method used in the last suicide attempt).

For genetic analysis, family-based association test
(FBAT) methodology requires the genotyping of parents
and probands to conduct the transmission analysis of vari-
ants. We therefore obtained a 5 ml sample of peripheral
blood from the father, mother and proband for family trios
and from the parent and proband for dyads.

Genetic analysis

Genomic DNA from all participants (parents and pro-
bands) was isolated from peripheral blood lymphocytes
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using a high-salt method. The endpoint PCR analysis of the
5-HTTLPR/SLC6A4 polymorphism was performed in
a total volume of 15 ul, containing 1.8 mM of MgCI2,
200 mM each of dATP, dCTP, and dTTP, 100 mM each
of dGTP and 7-deaza-dGTP, 0.96 units of AmpliTaq Gold
polymerase (AmpliTaq Gold [Product], Perkin—Elmer,
Norwalk, CT, USA), 1.3 ul of primers (5-GGC GTT GCC
GCT CTG AAT TGC and 5-GAG GGA CTG AGC TGG
ACA ACC CAC) and 150 ng of genomic DNA. The am-
plification conditions consisted of an initial denaturation
step of ten minutes at 95°C; forty-five cycles consisting
of thirty seconds at 95°C, thirty seconds at 61°C, and one
minute at 72°C, followed by a final step of seven min-
utes at 72°C. PCR products were separated on 2% high-
melting-point agarose gels and visualized under UV after
ethidium bromide staining (Camarena et al., 2001). Anal-
ysis of the uWVNTR/MAOA polymorphism was performed
in keeping with the conditions described by Sabol et al.
(1998). The amplification product was run on 3% Meta-
Phor gels and visualized under UV light after staining with
ethidium bromide.

Statistical analysis

Categorical variables were described using frequencies
and percentages, while means and standard deviations
were used to summarize continuous variables.

Chi-Square (y?) tests and Student’s t-tests were used
to compare patients with a history of suicide attempts with
their parents. The level of significance was set at p < .05.
All analyses were performed using the R Studio statistical
program version 1.0.136 (R Core Team, 2018).

Hardy-Weinberg equilibrium analysis was conducted
with the HWE software (available at https://wpcalc.com/
en/equilibrium-hardy-weinberg/). Allele transmission of
the 5-HTTLPR/SLC6A44 and uVNTR/MAOA polymor-
phisms was analyzed with the set of family-based asso-
ciation tests using the Haploview program, version 4.1
(Barrett et al. 2005).

Ethical considerations

This study was approved by the Ethics and Research Com-
mittees of the Ramon de la Fuente Muiiiz National Insti-
tute of Psychiatry (INPRFM). All participants gave vol-
untary, informed consent after the study’s objectives and
procedures had been explained. None of the participants
received any form of compensation for their participation
in the study. Family members diagnosed with psychiatric
conditions during the interview were informed of their di-
agnosis and recommended to arrange a clinical consulta-
tion at the outpatient services of the INPRFM for further
evaluation and treatment.
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RESULTS

Demographic and clinical characteristics

A total of fifty families were included, 94% of which (n
= 47) were trios (proband, mother, and father), while the
remaining 6% were dyads consisting of the patient and one
parent. The average number of suicide attempts among
probands was two (SD = 1). The demographic and clinical
characteristics of probands, mothers, and fathers are giv-
en in Table 1. A higher number of probands had a diagno-
sis of major depressive disorder than the group of parents.
(Table 1). In addition, mothers had a lower frequency of
comorbidity with the use of nicotine, alcohol, and cocaine
than probands and fathers.

Table 1
Demographic and clinical characteristics of families
Probands  Mothers  Fathers
n =50 n=48 n=49 Statistic
Demographic features
Age, mean
(Mean, SD) 24.3(6.1) 49.4(7.8) 53.2(10.3)
Sex, n (%)
Women 40 (80)
Men 10 (20)
Clinical features
Main diagnosis, n (%)
Major depres- x*=59.3,
sive disorder 38 (76) 12 (25) 24 p <.001
Dysthymia 11 (22)
Bipolar disorder 1(2)
Age of illness F=223,
onset (Mean, SD) 20.3(5.4) 37.1(14.4) 27.5(10.6) p < .001
Substance use, n (%)
L 7 =218,
Nicotine 22 (44) 6(12) 28 (57) p < .001
2 =471,
Alcohol 20 (40) 1(2) 34 (69) p < .001
" =54,
Marijuana 5(10) 0 2(4) p= 06
. ¥ =7.0,
Cocaine 5(10) 0 1(2) p= .02
Suicide attempt features
Number of suicide attempts, n (%)
One 18 (36) 9 (18) 3 (6)
Two 20 (40) 1(2)
Three or more 12 (24) 0
Suicide method in the last attempt, n (%)
Medication
ingestion 33 (66) 10 (100) 3 (100)
Firearms use 11 (22) 0
Hanging 6 (12) 0
293
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Table 2
Analysis of allele transmission of polymorphisms in the
SLC6A4 and MAOA genes in families with suicide attempts

Allele Non-

Transmit- Transmis- transmis-
Polymorphism ted sion sion x p
Families with one suicide attempt
5-HTTLPR/ .
SLC6A4 S 40 7 6.6 .0098
uVNTR/MAOA 1 10 9 .05 .81
Families with two or more suicide attempts
5-HTTLPR/ .
SLC6A4 S 25 11 5.4 .019

Allele transmission analysis

Genotype distribution conformed to Hardy-Weinberg equi-
librium (p > .05). Table 2 showed the allele transmission
analyses for the 5-HTTLPR/SLC6A44 and uWNTR/MAOA
polymorphisms in the fifty families studied. For the 5-HT-
TLPR/SLC6A44 polymorphism, there was a preferential
transmission of the S allele in the general sample (y* = 6.6,
p =.0098). In the allele transmission analysis of the MAOA
gene, no preferential allele transmission was observed (>
=.053, p = .8185).

DISCUSSION AND CONCLUSION

The demographic and clinical characteristics of the study
participants are consistent with those reported in previous
research. Suicide attempts have been found to occur more
frequently among women than men (Bachmann, 2018), pre-
dominantly affecting individuals aged between 15 and 29
(Aguilar-Velazquez et al., 2017; Wu et al., 2020). In terms
of clinical characteristics, research has consistently shown
that mood disorders increase suicide risk, identifying them
as a critical risk factor within the realm of psychopathology
(Jamison, 2000; Tondo et al., 2020). The inclusion criteria
for this study were therefore designed to encompass patients
diagnosed with a mood disorder with a lifetime history of
suicide attempts.

Disorders related to the use of alcohol and other sub-
stances have been identified as significant risk factors not
only for suicidal behavior, but also for the presence of psy-
chopathology (Lee et al., 2019; Lynch et al., 2020). Our
study was no exception, as most of the population studied
reported substance use, with nicotine and alcohol use being
more frequent. No differences were found in suicidal meth-
ods compared to other studies analyzing this variable. More
violent and lethal methods such as hanging are used in com-
pleted suicides, while non-violent methods such as drug in-
gestion are usually the method of choice in suicide attempts
(Kposowa & McElvain, 2006; Tsirigotis, et al, 2011).
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Regarding the allele transmission analysis of the uVN-
TR polymorphism of the MAOA gene in families with sui-
cide attempts, no transmission of any alleles was observed
in the complete sample. Our study is therefore consistent
with the only other report analyzing the association be-
tween the MAOA gene and suicide attempts in families (De
Luca et al., 2005).

In addition, our study showed a higher transmission
of the S allele in families with suicide attempts, as well
as in those with two or more suicide attempts. Zalsman et
al. (2001) conducted a family-based association study of
5-HTTLPR/SLC6A4 without finding significant differenc-
es. It is important to note that both studies were conducted
in families where all probands presented at least one suicide
attempt. However, our study only analyzed probands with a
primary diagnosis of a mood disorder, while the other study
included patients with other psychiatric disorders. Our data
suggest that the transmission of the S allele could be spe-
cifically implicated in patients with suicide attempts and a
primary diagnosis of a mood disorder.

Although gamily-based association studies constitute a
significant method for exploring the genetic foundations of
complex behaviors like suicide, they are not the only ap-
proach for examining the links between candidate genes
and familial suicide history. Joiner et al. (2002) focused on
the 5S-HTTLPR/SLC6A44 polymorphism in forty-seven vol-
unteers, assessing their family history of suicidal behavior.
Their findings indicated that carriers of the SS genotype re-
ported a greater incidence of suicide completion and multi-
ple suicide attempts among first-degree relatives than car-
riers of SL and LL genotypes. Our findings therefore align
with and support previous family studies in the literature,
suggesting the involvement of the S allele of the 5S-HTTL-
PR/SLC6A4 polymorphism in the genetic etiology of sui-
cide attempts.

Some studies have reported an association between the
S allele of the 5-HTTLPR/SLC6A44 polymorphism, and the
presence of violent suicide attempts in patients with affec-
tive disorders (Fanelli & Serretti, 2019; Sivaramakrishnan
et al, 2023). In addition, it has been observed that carriers
of the S allele presented two or three times less expression
of the SLC6A44 gene than carriers of the L allele (Lesch et
al., 1996). Moreover, some studies have shown that being a
carrier of the low-expression allele of 5-HTTLPR/SLC644
is associated with elevated levels of aggression and impul-
sivity (Waltes, et al, 2016). Our findings could suggest that
higher transmission of the S allele of the 5S-HTTLPR in
SLC6A4 gene, which implies lower expression of the gene,
could be associated with aggression and impulsivity, acting
as triggers for the suicide attempt.

Limitations

Our study has certain limitations. The first was the small
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sample size, which restricts the generalizability of our re-
sults. The latter should therefore be interpreted with cau-
tion, and regarded as preliminary until they are replicated
in a larger sample. The second is that only the SLC644 and
MAOA genes were analyzed. Suicidal behavior is a com-
plex phenomenon involving multiple genes across neuro-
biological systems, including polyamines, GABAergic,
neuroinflammatory pathways, lipid metabolism, and the
hypothalamic-pituitary-adrenal axis (Lutz et al., 2017).
There is a higher observed prevalence of “S” allele
transmission within families with a documented histo-
ry of suicide attempts. This reinforces the theory that the
5-HTTLPR polymorphism in the serotonin transporter gene
plays a significant role in the manifestation of suicidal be-
haviors among individuals with mood disorders, as well as
their immediate family members. This finding underscores
the genetic underpinnings of suicidal tendencies, highlight-
ing the importance of considering familial genetic patterns
when assessing suicide risk, to provide a more nuanced un-
derstanding of its etiology in the context of mood disorders.
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