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Objective: Postmortem studies have indicated that suicide victims have greater seroto-
nin receptor 2A (5-HTR2A) binding in prefrontal brain regions. However, there remains
some controversy regarding the biological specificity of these findings. The authors hypoth-
esized that the variance observed in brain 5-HTR2A binding is genetically mediated, at least
in part. Method: Postmortem data from 56 subjects who had committed suicide and 126
normal comparison subjects were studied; brain tissue was available from 11 subjects who
committed suicide and 11 comparison subjects. Homogenate binding assays were carried
out with [3H]ketanserin. Variation at the 5-HTR2A gene (HTR2A) was investigated by
means of two polymorphisms: T102C and A-1438G. Results: 5-HTR2A binding was
greater in the prefrontal cortex of the subjects who committed suicide. In addition, the find-
ings suggest that HTR2A variation significantly affects 5-HTR2A binding. However, no inter-
action between suicidal behavior and this locus was observed. Conclusions: These re-
sults confirm previous reports of greater 5-HTR2A binding in subjects who committed
suicide; they also provide preliminary evidence suggesting that the number of 5-HTR2A re-
ceptors is genetically mediated. 

(Am J Psychiatry 1999; 156:1456–1458)

Suicide is a serious public health problem that ranks
among the 10 most frequent causes of death. CSF,
urine, platelet, and neuroendocrine challenge test stud-
ies have indicated that alterations in the serotonin sys-
tem may play an important role in suicidal behavior
(reviewed by Mann [1]). Consistent with these find-
ings, a number of postmortem studies have reported
that suicide victims have greater serotonin receptor 2A
(5-HTR2A) binding in the prefrontal cortex than nor-
mal comparison subjects (2–5). It is thought that these

findings may result from mechanisms such as adaptive
or compensatory 5-HTR2A up-regulation secondary to
reduced serotonergic neurotransmission or genetic me-
diation (6). However, there remains some controversy
because these alterations could result from confound-
ing factors such as psychotropic drug exposure.

In this article we report preliminary evidence, ob-
tained in postmortem brain samples of suicide victims
and matched comparison subjects, suggesting that the
gene that codes for 5-HTR2A (HTR2A) has a role in
the determination of the number of 5-HT2A receptors
in the prefrontal cortex.

METHOD

Subjects were recruited as part of an ongoing collaboration with
the Coroner’s Office of the Montreal Central Morgue. In this study,
postmortem data for 56 subjects who had committed suicide and
126 normal comparison subjects were included. Brain tissue from
the convex part of the superior frontal cortex (Brodmann’s area 8/9)
was available for 5-HTR2A binding studies from 11 subjects who
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committed suicide and 11 comparison subjects. All suicide victims
and comparison subjects were of similar ethnic origin. Moreover,
suicide victims and comparison subjects for whom postmortem
brain samples were obtained were matched for age, sex, and post-
mortem delay. Most of the comparison subjects for whom postmor-
tem brain samples were obtained (N=7) were young victims of car-
diovascular diseases. The remaining comparison subjects died in
work-related accidents or in nonimpulsive road accidents. Written
consents were signed by the families of all subjects.

Genomic DNA was extracted either from blood or frozen brain
tissue by using standard procedures. We tested the HTR2A T102C
and HTR2A A-1438G polymorphisms, which are, respectively, a si-
lent mutation and a promoter variant with no proven functional sig-
nificance. In addition, we tested an HTR2C polymorphism resulting
from a G to C substitution that changes cystine to serine at position
23 of the serotonin 2C receptor. Polymerase chain reaction (PCR)
was carried out in a total volume of 12.5 µl containing 40 ng of ge-
nomic DNA; 125 ng of the specific primers; 200 µM each of dGTP,
dCTP, and dTTP; 25 µM dATP; 0.5 units of Taq DNA polymerase
(Bio/Can Scientific, Mississauga, Ont., Canada); and 2.0 µl of 10X
buffer (Bio/Can Scientific), with MgCl2 included in the final concen-
tration of 1.5 mM. Samples were processed throughout 35 cycles of
denaturation at 94°C, annealing specific to each primer pair, and
elongation at 72°C. PCR products were digested with MspI
(HTR2A T102C), Hpa II (HTR2A A-1438G), and HinfI (HTR2C)
at 37°C for 1 hour and analyzed on a 2% agarose gel. Gels were read
and interpreted independently by two different readers blind to
whether they were from suicide victims or comparison subjects; re-
sults from the two readers were identical.

Brains were collected at autopsy with a maximum postmortem
delay of 32 hours. They were immediately transported on ice to the
laboratory, where they were dissected according to standard proce-
dures and kept at –80°C. Homogenate binding assays were carried
out with [3H]ketanserin (specific activity=80.9 Ci/mmol, NEN Life
Science Products, Boston) and were performed according to well-es-
tablished procedures (7). All experiments were carried out in dupli-
cate (two tubes for total binding and two tubes for nonspecific bind-
ing). Specific binding was defined as the total binding minus the
nonspecific counts obtained in the presence of 1 µM methysergide.

Difference in allele and haplotype distributions were analyzed by
chi-square tests and odds ratios. A two-way analysis of variance was
carried out to investigate the effect of having committed suicide or
not and HTR2A on 5-HT2 binding. Subsequently, a logistic regres-
sion was conducted with suicide as the main outcome. All statistical
analyses were carried out by using programs 4F, 4V, 7D, and LR of
the BMDP statistical package.

RESULTS

The mean age of suicide victims at death was 36.09
years (SD=10.75); the mean age of comparison sub-
jects at death was 33.54 years (SD=9.95). Twenty-six
(46.4%) of the suicide victims died by hanging, eight
(14.3%) by carbon monoxide poisoning, six (10.7%)
by shooting, five (8.9%) by drug overdose, and the re-
maining 11 (19.6%) by different methods. Mean post-
mortem delay for the 11 suicide victims whose brain
tissue was available was 23 hours (SD=5); the delay for
the 11 comparison subjects was 26 hours (SD=4).

No difference was observed in radioligand affinity
between groups (t=0.75, df=20, p=0.46), indicating
that differences in ligand binding (Bmax) reflect differ-
ences in receptor number. For suicide victims, Bmax=
2.78 fmol/mg (SD=0.88); for comparison subjects,
Bmax=2.07 fmol/mg (SD=0.53). A two-way analysis of
variance showed a significant main effect of being a
suicide victim or not on 5-HTR2A binding (figure 1).

This analysis also revealed that HTR2A variation af-
fected 5-HTR2A binding (figure 1). However, as seen in
figure 1, this locus affected binding equally in both
groups (interaction F=0.21, df=1, 40, p>0.10). Accord-
ingly, a stepwise logistic regression conducted with sui-
cide as the main outcome indicated that 5-HTR2A
binding, but not HTR2A variation (beta=1.11, SE=
0.77, p=0.13), was statistically significant in the pre-
diction of suicide (beta=1.43, SE=0.52, p=0.002). Con-
sistent with the latter finding, no difference was ob-
served in allele or haplotype distribution between
groups when all subjects were tested (odds ratio=0.78,
95% confidence interval [CI]=0.48–1.28). Results ob-
served for HTR2C were not significant (odds ratio=
0.35, 95% CI=0.12–1.05).

DISCUSSION

These results provide preliminary evidence suggest-
ing that 5-HTR2A binding is in part genetically deter-
mined by variation at the gene coding for 5-HTR2A.
The relatively large effect size observed for suicide vic-
tims with haplotype 102T/-1438A compared with
nonsuicide subjects with haplotype 102C/-1438G (ef-
fect size=2.18) was unexpected. Among other possible
factors, this could be caused by an overrepresentation
in our study group of subjects who committed violent
suicide. Indeed, five (8.9%) of the 56 suicide victims
and only one of the 11 included in the brain study used

FIGURE 1. Distribution of 5-HTR2A Binding Sites (Bmax) in the
Prefrontal Cortex of 11 Suicide Victims and 11 Normal Com-
parison Subjects and Two Polymorphisms of the HTR2A Gene
(HTR2A)a

a Two-way analysis of variance showed a significant main effect on
5-HTR2A binding of being a suicide victim or not (F=12.57, df=1,
40, p<0.01) and an effect of HTR2A variation (F=3.77, df=1, 40,
p=0.05).
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methods considered nonviolent. This is important be-
cause it has been reported that victims of violent sui-
cide are more likely to demonstrate serotonergic ab-
normalities (8–11).

The T102C marker investigated is a silent T-to-C
base substitution (12). In addition, preliminary stud-
ies using cell assays indicate that both variants of the
–A1438G polymorphism present similar basal pro-
moter activity (13), suggesting that this polymorphism
is also nonfunctional. Thus, at this point, the most
plausible interpretation is that both variants are in
linkage disequilibrium with another polymorphism in
this gene that may have a functional role.

Finally, our results do not support the hypothesis
that HTR2A variation has a major role in the predis-
position to suicide. Although one could speculate
about possible explanations for why genotype could
affect binding but not behavior, at this point we cannot
reliably exclude a type II error accounting for the neg-
ative association. It may be quite possible that HTR2A
does have a role in suicide susceptibility, but the num-
ber of subjects in this study did not afford enough
power to detect this effect. Therefore, both positive
and negative findings should be regarded as prelimi-
nary and in need of replication. We are in the process
of collecting brains from additional suicide victims and
comparison subjects to attempt to replicate these re-
sults in a larger study group. Similarly, it would be in-
teresting to reproduce these findings in an independent
sample of similar composition.
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