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ABSTRACT ARTICLE HISTORY

Many studies have examined the genetic contribution to suicide. However, data on suicide Received 11 January 2022
in the Italian population are scarce. We therefore aimed to address this gap by investigating Accepted 14 February 2022
a cohort of 111 Italians for whom a verdict of suicide had been declared in court in

Florence, ltaly between 2007 and 2017. This cohort included 86 men and 25 women. DNA&ELV:S?CRSD&”%S_ forensic
samples were obtained from tissues or blood, and 22 genes from multiple neurobiological genetics: SUICIMAOA
pathways previously shown to be associated with the pathogenesis of suicide were analysed. HTR%CN&A\IO& '
Next-generation sequencing was used to compare these gene sequences with those from a

large, normal population. In this study, we identified 19 gene variants that were present at

significantly lower frequencies in our Italian cohort than in the general population. In add-

ition, four missense mutations were identified in four different genes: Monoamine Oxidase A

(MAOA, 5-Hydroxytryptamine Receptor 2 AHTR2A) Sodium Voltage-Gated Channel Alpha

Subunit 8 SCN8A and Nitric Oxide Synthase INOS3. Our study identified several potential

genetic links with suicide in a cohort of Italians and supports a relationship between specific

genetic variants and suicidal behaviour in this population.

KEY POINTS

This study shows a genetic analysis of suicide.

This study examines a cohort of 111 Italians for whom a verdict of suicide had been
declared in court in Florence, Italy between 2007 and 2017. DNA samples were obtained
from tissues or blood, and 22 genes from multiple neurobiological pathways were

investigated.

The study supports a relationship between specific genetic variants and sui-
cidal behaviour.

Introduction Over 77% of suicide cases in ltaly involve male vic-

Over 700 000 people take their own life every yealIims. This rate is three times highgr _than in fema_les.
throughout the world, and many more attempt sui- The most common methods of suicide are hanging,

cide. Each suicide is a tragedy that affects fami”eielf—poi"soning with a pesticide, and firearms].[
communities, and entire countries and can have/\ccording to the 2017 ISTAT dat&]| the most com-

long-lasting effects on the people left behind.MON methods of suicide were hanging or suffocation
Suicide can occur throughout the lifespan, but was(48:9%), jumping (19.2%), and firearms (11.3%).
the second leading cause of death among2%s Backed by scientific evidence, we now know that
year-olds globally in 2016L]. there is a genetic predisposition to manifesting sui-
According to the latest available data at theCidal behaviour 4-8]. The earliest studies searching
ltalian National Institute of Statistics (ISTAT), the for genetic susceptibility loci in suicidal behaviour
2015 suicide rate in Italy was 8.4 per 100 000 inhabUsed candidate gene approaches. However, when the
itants [2]. This is significantly lower than the world studies focusing on specific genetic systems failed to
average and well below the European average, whidproduce consistent results, multiple large-scale stud-
is currently 15.4 suicides per 100 000 inhabitantsies were done to identify genetic contributors to sui-
Among young ltalians between the ages of 14 anctidal behaviour. Emerging diagnostic applications
24, the suicide rate is slightly higher than the are frequently used in medical genetics, medical
European average at 8.5 per 100 000 inhabitantsubspecialties such as neurogeneti@éls and suici-
For this age group, suicide represents the secondality outcomes 10. Generally, the samples/cohorts
most common cause of death after road accidentsused for these investigations were not initially
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designed to study suicidal outcomes but for fewpossible neurobiological impacts on the etiology of
exceptions 11, 12. However, the mechanism and schizophrenia §]. Selected SNPs in the dopamine
magnitude of genetic contributions to suicidal receptor DRD2) gene B€] are possible genetic risk
behaviour are still poorly understood. factors for the development of alcohol addiction and
Decreased serotonergic transmission is one of the@ther associated disorders. These SNPs have been
most consistent findings in genetic studies of suicidestudied in attempted suicides37]. A review by
[13. However, some studies have reported contra-Mandelli and Serretti 38 reported evidence that
dictory results, suggesting that the genetic contribu-supports both inheritable and environmental influ-
tion to suicidal behaviour is quite complex. ences in depression and suicidal behaviour risk for
The dopamine receptor DADRD4) gene is situ- the angiotensin-converting enzymeACE). Gene-
ated in a chromosomal region containing CpG variants in or adjacent to the sodium channel volt-
islands that host a number of imprinted genes.age gated type VIII alpha polypeptideSqQN8A),
Variable number of tandem repeats (VNTRS) in the vesicle-associated membrane protein ¥A{1P4),
third exon of this gene have been investigated by sevand prenylated Rab acceptor RABACI) genes are
eral groups 14-16], as well as single nucleotide poly- over-activated in attempted suicide$§. Finally,
morphisms §NPs) reported in certain studiesl[]. significant ties were found with variations in
Many SNPs, VNTRs, and alleles in 5-hydroxy-rs6740584 (REBI) polymorphisms in cAMP-
tryptamine receptor HTRIA, HTRIB, HTR2A, and  response element binding proteins 39.
HTR2C), as well as in serotonin transporter In this study, we present research performed at
(SLC6A4) genes, can influence aggressive or suicidathe forensic medicine laboratory in Florence (central
tendencies 18, 19. Therefore, we included these Italy) aiming to further understand the relationship
polymorphisms in the current study. Moreover, the between specific genes and suicide. A large panel of
serotonin-transporter-linked polymorphic regiors{ 22 genes was generated to examine if significant
HTTLPR) is reportedly a predictor of short-term statistical differences in alleles frequencies were pre-
risk of suicide reattempts2[]. Variations in the sent populations. These genes includdeRD4,
Adrenoceptor Alpha 2 A ADRA2A) gene linked to HTRIA, HTRIB, HTR2A, HTR2C, 5-HTTLPR,
the average population2], 22 are described in ADRA2A, NOS I, NOS III, YWHAE (14-3-3 gene),
cases of suicide and withdrawn behaviour. It hasMAOA, CRHR2, TPHI, TPH2, COMT, BDNF,
been established that the neuronal isoform of nitric PRD2, ACE, SCN8A, VAMP4, RABACI, and CREBI.
oxide synthaseNOS I) modifies diverse behaviours, These genes were chosen through a literature search
which include aggressior2B 24. We examined the Of previous articles associated with psychiatric disor-
SNP variation in our population and control group ders, suicide groups, and attempted suicides.
to verify any statistically relevant difference rather
than analyse the promoter VNTR iNOS I Exon 1f.  materials and methods
Effects of polymorphisms in the endothelial nitric
oxide synthase NOS III) gene on suicide 25-27]  Cohort history

were also investigated. The importance of Tyrosineafter obtaining a careful bibliographical history of
3-monooxygenase/tryptophan 5 monooxygenase actithe subject, we performed an anamnestic-circum-
vation protein epsilon YWHAE) gene polymor- stantial investigation. The variables considered were
phisms ¢s1532976, rs3752826, and rs9393) in suicidal sex, age, methods of suicide, and motives for sui-
behaviour was studied in Russian and Tatar ethniccide. The data were then compared with ISTAT
groups in the Republic of Bashkortosta?g] 29. reports from 2015 for‘deaths and causes of death
Studies examining the link between monoamineand “suicides and suicide attempt§2]. Both cate-
oxidaseA (MAOA) VNTRs [30 31] show a statistic- gories were necessary to verify agreement with the
ally significant tie to psychiatric patients in certain national database. This information was also
cases. The corticotropin-releasing hormone receptor dmportant when comparing subjects who had previ-
(CRHR2) gene and suicidality in bipolar disorder have ously attempted suicide or had psychiatric disorders.
previously been studied3f]. Other cases found the We also identified the gene polymorphisms.
tryptophan hydroxylase 1TPHI) and TPH2 genes
[33 34 to be related, but there were contradictory
results. The catechol-O-methyltransferas€ Oy T)
gene variation, especially the Vall08/158Met poly-A total of 111 samples (blood or tissue) were col-
morphism, has recently been linked to suicid8§][ lected from a cohort of 111 suicidal subjects (86
Genetic variation can also affect factors thatmales and 25 females) with an average age of
increase suicide risk. Specific alleles or SNPs in thé0.18 + 14.80years, which were available at the
brain-derived neurotrophic factorBDNF) gene have Institute of Forensic Medicine, University of

Samples
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Florence, Italy. Prior to the start of the study, ethical www.bioinformatics.babraham.ac.uk/projefastqg.
approval was obtained by the Regional EthicsGenome Analysis Toolkit (GATK) version 3.3
Committee for Clinical Trials in Tuscany (section (https://gatk.broadinstitute.org/hc/en-uyswas used
Central Area, Register Number Bio. 16. 003). Allto recalibrate base qualities and realign reads around
data were approved for use in this study from Eticinsertions or deletions (InDels). Single Nucleotide
Committee of Department of Helath Sciences,Variants (SNVs) and InDels were identified by the
University of Florence, Italy. Unified Genotyper module of GATK. Genomic and
functional annotations of detected variants were
made by Annotate Variation Software (ANNOVAR,
version 14 December 2015ht{ps://annovar.open-
Genomic DNA was isolated from blood samples usingbioinformatics.org/en/lates}/ Detected variants were
a QlAsymphony DSP DNA Kit and a QIAsymphony distilled on the basis of their exonic function, allele
instrument (Qiagen, Hilden, Germany) following the frequency, and presence in variants databases, such
manufactureis protocol. DNA from tissues was as the current release of dbSN#®1], 1000 Genomes
extracted using a QIAmp DNA Tissue Kit and a Project fttp:/ftp.ncbi.nih.gov), Exome Sequencing
BioRobot EZ1 Advanced Workstation (Qiagen). The Project (ittp://evs.gs.washington.edu/EVS/
concentration of the isolated DNA was determined gnomAD (The Genome Aggregation Database), and
using a Qubit dsDNA Broad Range Assay Kit (Life several prediction scores (Sorts Intolerant From
Technologies, Carlsbad, CA, USA). Tolerant (SIFT), MutationTaster, Polymorphism
Phenotyping v2 (PolyPhen-2), LRT, CADD, Gerp,
and PhyloP). To identify clinically relevant variants,
SNVs and InDels were filtered based on frequency,
Targeted sequencing of 22 candidate genes was pefianction (coding, 8 or 3 junctions), evolutionary
formed using the Agilent HaloPlex target enrich- conservation of the affected nucleotide, and patho-
ment assay (Agilent Technologies, Santa Clara, CAgenic potential byin silico predictive algorithms.
USA) according to the manufacturerprotocol. The Coverage statistical analysis was performed using
samples were sequenced on an lllumina MiSeq platthe Depth Of Coverage tool in GATK. BASH and
form (lllumina, San Diego, CA, USA). Regions of R custom scripts were used to obtain the list of low
the selected target genes (ROI, region of interestyoverage (20X) regions per sample. Confidence of
covered by less than 20 reads were definedl@s  identified variants was determined according to the
coverage regiofis Although some polymorphisms Best Practice Guideline of GATK regarding hard-
may have been identified in these regions, the presfiltering recommendations for selected germline
ence of additional polymorphisms cannot be short variants. Hard-filtering involves choosing
excluded. Sequencing probes for targeted regions wekspecific thresholds for one or more annotations
designed using the SureDesign Custom Design Tochnd removing any variants with annotation values
software (Agilent Technologies). The following genesabove or below the set thresholds. Based on the
were analysed:DRD4, HTRIA, HTRIB, HTR2A, hard-filtering recommendation, the variants that
HTR2C, 5-HTTLPR, ADRA2A, NOS I, NOS III, did not meet the following criteria were filtered
YWHAE, MAOA, CRHR2, TPHI1, TPH2, COMT, out: MappingQualityZero (MQO) 4 & (MQO0/(1.0
BDNF, DRD2, ACE, SCN8A, VAMP4, RABACI, and  QualByDepth (DP))> 0.1)j Quality (QUAL) <10. In
CREBI. Using the SureDesign tool, the probes wereparticular, SNVs with QualByDepth (QDX2.0 jj
targeted to a total of 211 regions, including 2 810FisherStrand (FS)60.0jj RMSMappingQuality (MQ)
amplicons with a theoretical target coverage 0f<40.0jj HaplotypeScore> 13.0 jj MappingQuality
99.87%. The obtained region size was found to bd&RankSumTest (MQRankSumx 12.5 jj ReadPos
47.921 kilobases. For each gene, both coding anBankSurmez 8.0 were excluded. For InDels, variants
non-coding (regulatory) regions were included in the with QD < 2.0 jj FS> 200.0jj ReadPosRankSum
sequencing. The coding regions contained exons< 20.0 were filtered out. None of candidate variants
including all alternative transcripts as defined by identified were excluded based on pathogenicity pre-
Ensembl, GENCODE, RefSeq, ‘tdCSC Gendsof diction obtained usingn silico tools.

the UCSC Genome Browset(.

DNA isolation

Next-generation sequencing (NGS)

Statistical analysis

Genetic analysis The EXAC_ALL application Hitps://bredagenetics.

Read quality was verified with FastQC, and readsom/il-database-exac-una-delle-risorde-piu-utili-per-
were aligned to the reference human genome hgl%.-comunita-scientifica/?langyit was used for statis-
with BWA MEM (Burrow-Wheeler Aligner) fittp://  tical analysis of the data. For each DNA variant
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frequency in the general population, the number of Table 1. Anamnestic results (percentage valie)111.

alleles and total number of alleles in the databasetems Percentage values (%)
were detected. The Fisher test was performed to verSex

ity if tatisticall iqnifi t iati sent Male 77.0

ify if a statistically significant variation was pre Female 23.0
between our dataset and the general population. Theéethods of suicide

. . . Hanging 32.0

P-values of the sujgle— and two—talled. Fisher test were . weapon 20.0
corrected for using the Bonferroni test and the Jumping to ons death 18.0
Benjamini and Hochberg tests. The significant var- g‘;ﬂg‘i’jﬁo” by plastic bag o

iants of the correct Fisher test are displayed in the stabbing 8.0
alignment file (bam file), using the IGV (Integrative Mé't‘iggztgnsﬁ‘gc‘i’é‘égs .
Genomic Viewer) display browser, to evaluate if these psychiatric disorders 323
variants could be misleading. For this purpose, all the Drug treatment R 23.0

L . . Previous attempts or suicidal ideation 131
significant variants present in at least two samples work or economic problems 10.9
were visualised in IGV, excluding synonymous and Grief caused by separation/divorce 6.9

. . . . dditi . Suicide in prison/psychiatric hospital 6.3
intronic variants; in addition, some variants present ynder influence of alcohol/drugs 43

in single samples and synonymous variants were_Homicide/suicide 32
investigated. Suicide that occurred while the patient was undergoing drug therapy

(tranquilisers, anxiolytics, antipsychotics) for psychological or psychi-

atric problems.
Loss of work, bankruptcy, difficulty in supporting oneself, or general
Results sense of social unease.

Anamnestic data L .
related psychiatric precedence and none were linked
To begin to understand the genetics of suicide into suicide. There were six exonic varian8L(6A4,
the Italian population, we collected data from 111 CREBI, MAOA, HTR2A, SCN8A, and NOS3) and
Italians who had committed suicide between 2007one in the § untranslated region (BUTR) of the
and 2017.Table 1shows some anamnestic results. DRD2 gene. Two of the six identified exon variants
First, the frequency of committing suicide is far are synonymous mutations (do not change the
greater in males (77.0%) than in females (23.0%) irencoded amino acid), one iSLC6A4 and one in
Italy. The data suggest suicide follows an irregularCREBI, while four are missense mutation3fAOA,
course and is much higher in defined age groups.HTR2A, SCN8A, and NOS3). The variant in the
At the time of death, most victims were between 25MAOA gene, on the X chromosome, was identified
and 35years old, with a higher percentage under 3&s hemizygous in a male subject and is present in
and between 40 and 64 years old. exon 8 (NM_001270458: c.286CT; p.R96W) with
For the modalities of suicideT@ble 3, the pri- an amino acid change from arginine to tryptophan.
mary method was hanging (32%), followed by fire- The SCN8A variant (NM_001177984: ¢.1336GT;
arms (20%), jumping (18%), collision (8.5%), p.A446S), located in exon 10, shows an amino acid
suffocation (8.5%), stabbing/cutting oneself (8%),change from alanine to serine. ThE0S3 variant
and drug ingestion (5%). Motives and contributing (NM_001160109: c.624€A; p.F208L) shows an
factors were obtained from the police reports with amino acid change from phenylalanine to leucine.
family members and others close to the victims.The HTR2A variant (NM_000621: c.13344G;
Overall, the main motive of suicide in these caseg.M445T) shows an amino acid change from
was psychiatric disorders (32.3%). methionine to threonine. These non synonymous
SNVs changed the protein product of these genes
and their biophysical properties, suggesting that the
function of the protein might also be altered. The
The Fisher test, corrected for false discovery rateffects of non synonymous changes on the structure
(FDR), identified 19 variants in our series with a and function of a human protein were predicted
different, statistically significant frequency comparedusing SIFT, PolyPhen-2, and MutationTast&able 2
with that of the EXAC_ALL analysis Pfvalue shows the results obtained for these four genetic
adjusted> 0.05) {Table 2. Of the gene variants we variants. Although the SNV observed seven base
identified, seven had never been previouslypairs upstream of thdDRD2 transcriptional start site
observed, seven had a lower frequency than the convould not influence the protein sequence, it could
trol population, and three had a frequency of lesspossibly have an impact on the transcriptional activ-
than 0.5% compared with the general population. ity of the host or distal genes by affecting the bind-
The seven variants observed in our series thaing affinity of transcription factors or microRNAs.
had never been reported in the EXAC_ALL database The seven variants with lower frequency observed
were identified in single samples, none of which hadin our series compared with those of the general

Genetic survey
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Table 2.Detailed list of identified gene variants.

chr start end Ref alt Function Gene GeneDetail.refGene EXAC_ALL_allele_freq
chrxX 43590527 43590527 C T ExoniMAOA Nonsynonymous SNV 0
chrl2 52099402 52099402 G T ExoniSCN8A Nonsynonymous SNV 0
chr7 151000000 150695486 C A ExonitlOS3 Nonsynonymous SNV 0
chrl7 28544202 28544202 G A ExonBLC6A4 Synonymous SNV 0
chrl3 47409054 47409054 A G Exoniel TR2A Nonsynonymous SNV 0
chrll 113000000 113295380 G T UTRBRD2 0

chr2 208000000 208432237 A G Exoni€CREB1 Synonymous SNV 0
chrX 114000000 114141765 G A ExonldTR2C Synonymous SNV 0.000008
chr7 151000000 150696111 T G ExoniblOS3 Nonsynonymous SNV 0.7530
chr22 19950040 19950040 Cc T  Introni€EOMT 0.0001
chrl7 1264520 1264520 G A Exoni¥ WHAE Synonymous SNV 0.0002
chrl7 61574607 61574607 C T ExonicACE  Synonymous SNV 0.0033
chrll 637362 637373 GCGGGGGCATCT Exonic DRD4 Nonframeshift deletion of tHeRD4ene 0.1452
chrl7 61559923 61559923 C T ExonicACE  Synonymous SNV 0.4492
chrl7 61564052 61564052 A G ExonicACE  Synonymous SNV 0.4999
chrl7 61573761 61573761 T C ExonicACE ~ Synonymous SNV 0.5233
chrl7 61574492 61574492 G A IntronicACE 0.5562
chrll 640119 640119 C T ExonicDRD4 Synonymous SNV 0.9162
chrll 113000000 113283459 G A ExoniDRD2 Synonymous SNV 0.4158

population showed a frequency- 14% in the 32) with heterozygosity and a frequency in the
EXAC_ALL analysis. Two of these SNPs wereEXAC_ALL database of 0.0033 (rs144242912). This
located in the coding region of thBRD4 gene: one variant was reported with uncertain clinical signifi-
was a synonymous variant and the other was a noncance in the ClinvVar database (ID: 324420) in a
frameshift deletion. The synonymous variant in case of renal dysplasia. The third variant was
DRD4 (rs762502,P%,2.1E-23) is present in the observed as heterozygous in two samples (24 and
third exon and is a VNTR previously shown to be 64) and is a 10 bp intronic variant in the? portion
associated with suicidal behaviourq. A frameshift of exon 1 in theCOMT gene (rs199755426). It was
deletion of 12 bases (del GCGGGGGCATCT) isreported in the LOVD database dbkely benigri.
located in exon 1 of theDRD4 gene (rs572586776, The synonymous variant ¢.870@, p.P290P in
PY,1.74E5). In our series, it was identified in only exon 6 of the DRD2 gene (rs6277) is especially
two patients with an overall frequency of 1% com- enriched in frequency in our series compared with the
pared with 15% in the general population. Thesegeneral population. In fact, its allelic frequency passes
two subjects were heterozygous for this variant androm 41% in EXAC_ALL to 55% in our series (cor-
had no psychiatric precedent, nor were any suiciderected P-value % 0.0009463032). The synonymous
attempts reported. Four variants with a potential variant ¢.1164G- A, p.K388K in exon 6 ofHTR2C
protective role were present in thaCE gene. Of was observed in one male subject. This variant is
these, one is intronic and three are synonymousextremely rare in the general population@.0008%).
mutations. Their frequency in the general popula- From the results obtained, it is highlighted sev-
tion is about 50%, while in our series, the frequencyeral potential genetic links with suicide in a cohort
varied between 30% and 40%. Finally, the variant irof Italians. This supports a relationship between spe-
the NOS3 gene is a missense mutation in exon 7cific genetic variants and suicidal behaviour in
that leads to an amino acid change of aspartic acichis population.
to glutamic acid (NM_001160109: c.8941G;
p.D298E, rs1799983). Its frequency varies from 750/|<_))i .
in the general population to 65% in our cohort scussion
(P¥40.00816) and is reported d&thenigrt in the In our Tuscan cohort, males are-8 times more
Clinvar database. likely to take their own lives than females. This pro-
Three variants with a frequency of less than 0.5%portion is slightly higher than the ISTAT data,
in the general population were identified in more where male subjects were three times more frequent
than one subject in our series, with two of thesethan females 3]. Independent of age, our results
being synonymous variants. The first (NM_006761:partially differ from national data. Globally, suicide
C.444G>A; p.S148S) is in exon 4 of tA@&VHAE  rates increase with age. There are about 1.4 suicides
gene, identified in two samples as heterozygouper 100 000 inhabitants in persons under the age of
(samples 100 and 57) with a frequency in EXAC_ALL25, 6.1 per 100 000 in those between 25 and 44 years
of 2 in 1000 (0.0002) (rs761324586) and reported irof age, 8.4 per 100 000 in those between 45 and
the LOVD database ddikely benigri (Genomic vari- 65 years of age, and up to 11.3 per 100 000 in those
ant #0000320090). The second is in tA€E gene over 65 B]. Our results regarding suicide modalities
(NM_001178057: exonl3: ¢.1956C; p.I652I) and are consistent with the national data, in which the
was identified in five casuistry samples (106, 82, 38, 64hree main suicide modalities are: hanging and
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suffocation (48.9%), jumping (19.2%), and use of(C; C) genotype was 1.6 (Cl: 1-3295,P < 0.00005)
firearms (11.3%) 3. Our findings for suicide [43. A significant associationA%20.021) was found
motives are also consistent with the nationwide between the C allele and post-traumatic stress dis-
findings. Our research and the national data bothorder in a sample of 127 (assumedly Australian) war
suggest the main cause to be psychiatric disorveterans with 228 controls. The T allele has been
ders B]. associated with better learning from positive and

Here, we have investigated genetic variants imegative outcomes in a young adult samplEd|[
genes important for neurobiological pathways linkedwhile the CC genotype has been associated with
to suicidal behaviour among patients with co-exist- poorer overall cognitive ability in an older Scottish
ing psychiatric illnesses. In this study, we have anapopulation sample 44, possibly suggesting the
lysed genes that are intimately related to numeroudearning those with T alleles may better learn into
neurobiological pathways considered to be import-older age. Biologically, T alleles at rs6277 have been
ant for the pathogenesis of suicide and/or associ-associated with a decreased affinity of D2 receptors
ated disorders. in the striatum @4.

Examination of genetic data allowed us to iden- The relevance of the seven unique variants in the
tify 19 variants in our series with different frequen- general population is possibly significant in the indi-
cies that are statistically more significant than thevidual suicide cases we examined. Specifically, the
reference population frequencies. In our subjectsmissense variants of th8IAOA, HTR2A, SCNS8A,
seven variants were not observed, seven had a lowand NOS3 genes produce a change in the protein
frequency, and three had a frequency of less tharproducts, potentially altering the biophysical proper-
0.5%. Notably, seven of these polymorphisms had #&ies and functions of these proteins. We used three
lower frequency in our series than in the generaldifferent predictive tools to evaluate the clinical sig-
population, possibly suggesting a protective effectnificance of these variants. Of the four potentially
These variants are iACE, NOS3, and DRD4. In  harmful variants, only onei{TR2A) was categorised
particular, the latter gene suggests the need for furas tolerated/benign according to two prediction
ther investigation of DRD4 haplotypes and suicide tools. The SNPs irSCNSA and NOS3 were poten-
rates, especially in males. Becald®D4 is located tially causative of damage per the MutationTaster
in a CpG island, investigating any sex-specific differ-tool, while the NM_001270458 mutation in the
ences in methylation status at this locus may helpMAOA gene was labelled as potentially deleterious/
illuminate a mechanism underlying the haplotypic damaging by two prediction tools.
association observed in our studipRD4 does not Deeper insight into clinical and biological risk
appear to be related to the VNTR in exon 3. In fact, factors will help us more fully understand this
DRD4 association studies have primarily focused onmodel of suicidal behaviour and establish new thera-
this VNTR, a 48-bp repeat polymorphism in the pies and tailored interventions. The molecular path-
third exon that results in varying lengths of the ology of suicidal behaviour remains complex;
third intracellular loop in the D4 receptorl7, 19.  epidemiological studies have demonstrated familial
The most commonly occurring repeat length var- clustering of suicide and suicidal behavio@4] 3§|.
iants are the 2-(2R), 4-(4R), and 7-(7R) repeatsThe causative role of SNPs in suicide predisposition
Other rare repeat length variants, however, are alsaenust be confirmed, and a deeper understanding of
observed 19. Although a synonymous SNP would the molecular mechanisms is critical to ensure the
not influence the protein sequence, it may have anbiological significance of these data.
impact on mRNA splicing. Abnormalities in dopa- An increased sample size of both cases of individ-
minergic activity in the nigrostriatal system have uals who have attempted suicide and those who
been suggested to be most often related to schizohave committed suicide could improve the accuracy
phrenia patients. The rs762502 variant especiallpf our examinations. DNA extracted from suicide
changes from a frequency of 91% in the generatases can be used to investigate VNTRs in specific
population to 60% in our series (116 alleles/196),genes, such asy[AOA or COMT. Furthermore,
and has previously been reported in the literature aghough the mechanism and magnitude of the gen-
linked to tardive diskynesialF. etic contribution in the emergence of suicidal behav-

The DRD2 gene 957 G T polymorphism is asso- iour are still poorly understood, this work could be
ciated with post-traumatic stress disorder in war included in future meta-analyses on larger samples.
veterans. In a study of 3P0 Russian patients with Familial, adoption, and twin studies suggest a
schizophrenia, the rs6277(C) allele was associateueritability component to suicidal behaviour. Few
with higher risk B2. From a pooled meta-study, data have been previously reported on Italian sui-
the allelic odds ratio was 1.42 (Cl: 12661, cidal behaviour based on genetic studies. Here, 19
P <0.00005) and the genotypic odds ratio for the gene variants were identified with frequencies that
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were statistically different from those of the general [2]
population. Of these, seven variants have never been
observed, seven had a lower frequency, and three
variants had a lower than 0.5% frequency and were 3]
observed in more than one subject, suggesting a
possible role in suicidal behaviour.

It is now well-established that genetic variants in
numerous neurobiological pathways are potentially [4]
relevant in the pathogenesis of suicide. Considering
the limitations and low sample number of our |5
study, however, we are cautious in proposing a role
for the specific genes examined here in the mani-
festation of suicidal behaviour. Nevertheless, consist—[B]
ent with numerous lines of evidence demonstrating
that suicide is polygenic, we believe our work is [7]
relevant and provides important insight into the
relationship between genes and suicide risk in the

Italian population.
pop 8]
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