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The receptor pharmacology of many antipsychotic drugs includes actions at various 
serotonin (5-hydroxytryptamine [5-HT]) receptors. The 5-HT neurotransmitter 
system is thought to be involved in many of the consequences of treatment with 
antipsychotic drugs, including both symptom response, primarily of negative and 
depressive symptoms, and adverse effects, notably extrapyramidal side effects and 
weight gain. There is substantial interindividual variability in these drug effects, to 
which genetic variability contributes. We review here the influence of functional 
polymorphisms in genes associated with 5-HT function, including the various processes 
of neurotransmitter synthesis, receptors, transporters and metabolism, on the clinical 
response to, and adverse effects of, antipsychotic drugs. The relatively young field 
of epigenetics also contributes to the variability of 5-HT-related genes in influencing 
drug response. Several of these findings inform our understanding of the mechanisms 
of antipsychotic drug action, and also provide the opportunity for the development 
of genetic testing for personalized medicine.

Keywords:  5-hydroxytryptamine • 5-HT receptors • antipsychotic drugs • gene  
• neurotransmitters • schizophrenia • side effects • symptom response

Background
The antipsychotic drugs are prescribed to over 
1% of the population in the developed world, 
not only as a treatment for schizophrenia and, 
increasingly, for mania in bipolar illness but 
also for various behavioral problems associated 
with neurodevelopmental (e.g., autism) and 
neurodegenerative (e.g., dementia) disorders. 
Despite their widespread use they are limited 
in their efficacy and tolerability; in general 
they exhibit far greater differences between 
individuals than between drugs. The reasons 
for these differences remain for the most part 
obscure, although accumulating evidence over 
the past two decades indicates a strong con-
tribution from genetic factors to the symptom 
response and side effects of antipsychotic drug 
treatment. While the central role of dopamine 
in the mechanisms of anti psychotic action 
has meant that this neurotransmitter system 
has been a focus in pharmacogenetic stud-
ies [1,2], equivalent effort has been expended 

in investigating candidate genes relating to 
5-hydroxy tryptamine (5-HT; serotonin) 
neuro transmission [3,4]. In this article we shall 
provide an overview of these studies, focus on 
some key findings and discuss the potential 
of 5-HT pharmacogenomics in terms of how 
they have informed our understanding of the 
mechanisms of antipsychotic drug action, and 
how they might contribute to genetic testing 
for personalized medicine.

5-HT system in antipsychotic drug 
action
5-HT has a widespread distribution in the 
human brain, with most neuronal cell bodies 
found in the dorsal and median raphe and 
neighboring nuclei of the lower brain stem. 
There are projections to the hippo campus, 
amygdala, hypothalamus, thalamus, neo-
cortex and regions of the basal ganglia, 
although most structures receive some sero-
toninergic innervation. The known functions 
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of these regions indicate that 5-HT may be involved in 
depressive and other psychiatric disorders, as well as 
cognitive and motor disturbances. Given the complex 
symptom profile of schizophrenia and the various side 
effects of its treatment with the antipsychotic drugs, it 
in un surprising that 5-HT is thought to have a role in 
many aspects of antipsychotic drug action.

There is little doubt that the major mechanism 
underlying drug action in the treatment of schizo-
phrenia involves antagonist action at the dopamine 
D2 receptor, which is also true of the antimanic effects 
of the antipsychotic drugs [5]. However, since the iden-
tification of the ‘atypicality’ of drugs such as clozapine 
and risperidone, there has been a strong focus on the 
role of 5-HT receptor antagonism in modifying, gen-
erally for the better, the effects of D2 antagonism [6,7]. 
In particular, the majority of the second-generation 
antipsychotics have a high affinity for 5-HT2A recep-
tors; this is considered to contribute to a diminution of 
certain side effects as well as possibly to their symptom 
response profile. These drugs are increasingly being 
used in the treatment of both major depressive disorder 
and bipolar disorder; again serotoninergic mechanisms 
are thought to contribute.

Notwithstanding the central role of dopamine in 
antipsychotic action, 5-HT2A receptor agonism can 
provide a model of some paranoid psychotic symptoms 
of schizophrenia [8]. Relief of these positive symptoms 
is the main influence of the antipsychotic drugs in the 
treatment of schizophrenia. However there is little evi-
dence to otherwise suggest that this action is anything 
other than the result of dopamine D2 receptor antago-
nism; certainly the high occupancy of 5-HT2A recep-
tors by atypical antipsychotics is unrelated to clinical 
global improvement [9]. It is postulated that the 5-HT 
system, with pharmacogenetic evidence discussed 
below, may be involved in the negative symptoms of 
the disease, although again there is little evidence to 
support 5-HT2A antagonism by antipsychotic drugs 
being valuable in relieving these negative symptoms 
[10]. Nevertheless the strong involvement of 5-HT 
neuro transmission in depression and its treatment 
implicates effects on this system in the antidepressant 
and antisuicidal actions of some newer antipsychotics 
[7]. Furthermore, the 5-HT receptor effects of some 
antipsychotic drugs may well have effects on cognitive 
deficits associated with schizophrenia [11].

Regarding side effects, 5-HT2A antagonism appears 
to diminish the incidence of drug-induced extra-
pyramidal symptoms (EPS) – the mechanism consid-
ered to underlie the atypicality of many of the second-
generation drugs. However, it cannot provide complete 
protection, with a dose-dependent emergence of EPS 
apparent for many of these antipsychotics. Other 5-HT 

receptors may also contribute to lowered EPS, including 
5-HT2C and 5-HT1A. However, as EPS has become 
less of a concern in recent years, the metabolic side 
effects have come to the fore. Many of the anti psychotic 
drugs cause substantial weight gain, reflecting increased 
food intake and suggesting disruption of the hormonal 
control mechanisms acting on the hypothalamus; an 
antagonist action at the 5-HT2C receptor is likely to 
be important in those drugs with the greatest effects on 
bodyweight and which include olanzapine and clozapine 
[12]. Other 5-HT receptor actions may contribute to the 
relative protection against weight gain shown for aripip-
razole and ziprasidone. The hyper prolactinemia seen 
with certain newer and many of the older antipsychotic 
drugs reflects antagonism at dopamine D2 receptors 
that provide an inhibitory control of prolactin secretion. 
5-HT receptors are also involved in this mechanism, 
with opposing stimulatory effects; it may well be that 
action at, for example, 5-HT2C receptors contributes 
to the relative freedom from hyper prolactinemia seen 
with several antipsychotic drugs including olanzapine 
and asenapine [5].

Candidate genes
The identification of functionally relevant candidate 
genes in one neurotransmitter system, which might 
be associated with the clinical response to, and adverse 
effects of, antipsychotic drugs, needs to start with an 
understanding of the genes directly involved in the 
synaptic action of that neurotransmitter.

In the synthesis of 5-HT, the availability of trypto-
phan is normally rate imiting. The first factor deter-
mining tryptophan’s availability for 5-HT synthesis in 
the CNS is its active transport across the blood–brain 
barrier by the large neutral amino acid transport sys-
tem. It is then converted to 5-hydroxytryptophan by 
TPH, present in two forms in humans. TPH1 is the 
major enzyme for peripheral and pituitary tryptophan 
hydroxylation, while the more recently discovered 
TPH2 is most involved in CNS 5-HT synthesis [13]. 
However, TPH1 is expressed widely in the mamma-
lian brain during development and thus may modu-
late neurotrophic effects of serotonin at this stage 
[14]. The resultant neuronal 5-hydroxytryptophan is 
rapidly decarboxylated by AAAD to 5-HT, which is 
then taken up into secretory vesicles by VMAT, to be 
available for synaptic release. Once released into the 
synapse to influence neural transmission by effects at 
specific receptors, 5-HT is removed via a specific trans-
porter found on the presynaptic neuronal membrane. 
Excess monoamine transmitter can also undergo meta-
bolic removal by MAO, of which the A form (MAO-A) 
is responsible for 5-HT oxidation to 5-hydroxyindole 
acetic acid.
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Each of these enzymes and transporters are strong 
candidate genes for pharmacogenetic effects associ-
ated with the functional roles of serotoninergic neuro-
transmission. Similarly the receptors for 5-HT are also 
potential candidates; these comprise a family of seven 
receptors, several having genetically distinct subtypes 
of which the 5-HT1A, 5-HT2A and 5-HT2C recep-
tor subtypes have been most studied in psychiatric 
pharmaco genetics. However, several other serotonin 
receptor genes are attracting interest owing to their 
potential involvement in the effects of some of the 
newer antipsychotic drugs. Other than the ionotrophic 
5-HT3 receptor, they are all G-protein-linked recep-
tors, found primarily at postsynaptic sites differentially 
distributed in the human CNS. 5-HT1A, 5-HT1B 
and 5-HT1D receptors have presynaptic effects as 
autoreceptors, modulating release and, for 5-HT1A, 
providing inhibitory control over neuronal activity.

The genes involved in signal transduction follow-
ing 5-HT receptor activation provide further candi-
dates, although they are not necessarily specific for 
5-HT neurotransmission. These include the genes 
coding for the G-protein second-messenger sys-
tem, including GNB3, and the several regulators of 
G-protein signaling proteins.

Pharmacogenetic findings
5-HT synthesis
Tryptophan entry into the brain is affected by the 
neutral amino acid transporters LAT1 and LAT2, 
and can be influenced by competitive inhibition from 
other large neutral amino acids. However, there appear 
to be no reports of the corresponding genes carrying 
polymorphisms that influence 5-HT function, and 
certainly no pharmacogenetic studies of antipsychotic 
drug action.

The first specific gene in the CNS 5-HT syn-
thetic pathway is TPH2. While studied primarily 
in the context of mood disorders and antidepressant 
response with some positive findings, there are also 
reports, not always consistently replicated, of asso-
ciation with schizophrenia. One study investigat-
ing association of six TPH2 SNPs with short-term 
response to anti psychotic treatment showed no sig-
nificant influence [15]; a positive pharmacogenetic 
association of TPH2 polymorphisms with effects of 
antipsychotic drug treatment has not been found, 
other than a reported association of one 5´ SNP 
with diabetes in a relatively large group of subjects 
 receiving antipsychotic treatment [16].

TPH1 has been more widely studied as a potential 
risk gene in schizophrenia. There is also a report of an 
intronic SNP 779A/C (rs1799913) being associated 
with treatment response to antipsychotics [17]. A nega-

tive finding in respect to antipsychotic-induced weight 
gain has also been reported [18].

5-HT transport
Probably the most investigated gene in psychiat-
ric pharmacogenetics is that for the neuronal 5-HT 
transporter (HTT; SLC6A4), the site of action of 
many antidepressant drugs. This has a functional 
ins/del promoter polymorphism (HTTLPR) in which 
the short allele (del) results in a reduced transporter 
activity of the HTT protein due to lower expression. A 
G/A SNP within this sequence (rs25531), only present 
in the ins allele, also has functional activity in which 
the G allele is reported to have effects equivalent to 
the HTTLPR del allele. A further intronic variable 
number tandem repeat, STin2, also influences gene 
expression (Table 1).

SLC6A4 polymorphisms have inevitably been widely 
investigated in affective disorders and anti depressant 
response, although little work has addressed the asso-
ciation with antipsychotic action. However, several 
reports have found an association of the short del allele 
of HTTLPR with poor response to clozapine or ris-
peridone [36–38], the latter group studying a drug-naive 
cohort. Interestingly, when the effects on symptom 
subtypes have been investigated, it is an association 
with negative but not positive symptom response that 
is found [39].

There appear to be few other significant results of 
the association of this gene with the effects of anti-
psychotics. A significant association of the HTTLPR 
with BMI is reported in antipsychotic-treated sub-
jects [16], although several other studies find no asso-
ciation with weight gain. Similarly, the evidence is 
against there being significant associations of this 
polymorphism with EPS or tardive dyskinesia (TD) 
[16,38]. There is, however, substantial scope to inves-
tigate the other functional SLC6A4 polymorphisms, 
and their combination/interaction, in these vari-
ous side effects that may well involve serotoninergic 
 neurotransmission.

The major gene responsible for VMAT in the human 
brain, SLC18A2, has received very little pharmaco-
genetic attention. One SNP in this gene emerged from 
a study of 2632 SNPs in 128 candidate genes as the 
strongest association with TD in the CATIE sample, 
although this did not meet the stringent criteria for sta-
tistical significance [40]. However, VMAT-2 is not par-
ticularly selective for any specific monoamine neuro-
transmitter. Thus while the association with TD was 
confirmed in a further study [41] where the authors also 
demonstrated an interaction with a DRD2 gene SNP, 
this finding was interpreted as involving dopamine, 
rather than 5-HT, neurotransmission in TD.
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5-HT receptors
5-HT1A receptor
Only one of the HTR1A polymorphisms has been 
studied to any great extent: the promoter SNP 
-1019C/G (rs6295). This SNP was originally found to 
be associated with depression and suicidality and has 
a functional influence on receptor expression: the risk 
G allele disinhibits expression by disrupting the bind-
ing of inhibitory transcription factors [28] (Table 1). 
This theoretically results in overexpression of 5-HT1A 
autoreceptors with a consequent reduction in sero-
toninergic transmission (Table 1). rs6295 was found 
to influence symptom response to antipsychotic drug 
treatment through an effect on negative and depressive 
symptoms in a first-episode cohort [42], a robust finding 
that has been replicated by other groups [43,44].

5-HT2A receptor
Of the 5-HT receptors it is 5-HT2A that has been most 
studied in schizophrenia and antipsychotic pharmaco-
genetics, reflecting the common high affinity of sec-
ond-generation antipsychotic drugs for this site. The 
most studied polymorphisms are the 102T/C (rs6313), 
a synonymous coding region SNP, and -1438A/G 
(rs6311), a promoter SNP that is in complete linkage 
with 102T/C and reportedly has functional effects 
on gene expression [29]. Specifically, the -1438G allele 
may decrease promoter activity of HTR2A, leading to 
a downregulation of gene expression, although there 
are inconsistencies in the reported effects: Polesskaya 
et al. showed the 102C allele to be associated with 
up regulated expression [45]. A further functional non-
synonymous coding region SNP, 452His/Tyr (rs6314) 
[46], has also been identified (Table 1).

Reported associations with clinical response to 
antipsychotic treatment of these three SNPs have 
been reviewed [47]; perhaps surprisingly, findings 
regarding the 102C/T site seems to be less consis-
tent than those regarding -1438A/G, where the A 
allele appears to be associated with greater response. 
Samples from different populations may relate to this 
variability, as might differences in drug treatment. 
However, where symptom subgroups have been 
investigated, the association of these HTR2A SNPs 
appear more to be with negative symptoms rather 
than the positive symptoms [48–50]. These findings 
provide further evidence that 5-HT systems are 
important in negative symptoms and their response 
to antipsychotics [3]. Notably, a further indica-
tion that HTR2A variation can contribute to anti-
psychotic response comes from the CATIE cohort 
study by Need et al. [51]; they reported an intronic 
SNP in this gene to associate significantly (p < 0.01) 
with improvement in the Positive and Negative Syn-

drome Scale (PANSS) scores. However the associated 
site, one of 22 taken from an investigation of 2769 
SNPs in 118 genes, did not differentiate effects on 
positive and negative symptoms.

From a theoretical view, it would seem that HTR2A 
polymorphisms would be better candidates for associa-
tion with EPS. They have certainly been investigated 
in the chronic EPS of TD, in which a large meta- 
analytical study found a small association with 102C/T 
but not with 452His/Tyr [52] while subsequent studies 
have provided inconsistent support [47]. Acute EPS, 
thought to be reduced by the 5-HT2A antagonism of 
newer antipsychotics, have been little studied, although 
one small study has shown association of undifferenti-
ated EPS with HTR2A SNPs [53]. These SNPs have 
also been investigated in the context of antipsychotic-
induced weight gain, with somewhat variable findings, 
although one study showed an effect on olanzapine-
induced increases in weight of 102C/T combined with 
several other SNPs in candidate genes [54].

5-HT2C receptor
The 5-HT2C receptor has also been implicated in 
EPS, particularly dyskinesias, and has shown in 
early studies some association of potentially func-
tional SNPs with TD and also with aspects of symp-
tom response [55]. However, the great majority of 
pharmaco genetic studies of this gene have been asso-
ciated with the metabolic side effects of antipsychotic 
drugs. Following an initial study finding an asso-
ciation of a putatively functional HTR2C promoter 
SNP, -759C/T (rs3813929), with weight gain in first-
episode, initial drug naive, schizophrenia patients 
[56], there have been many pharmacogenetic studies 
addressing this problematic side effect. Despite some 
inconsistencies, most studies confirm a substantial 
effect of genetic variability in the HTR2C promoter 
and/or the coding region SNP 23Ser/Cys (rs6318), 
on weight gain, an association that appears to gener-
alize across the effects of different drugs. This phar-
macogenetic factor appears to be more strongly asso-
ciated with initial gain in weight, while other genetic 
factors may be more associated with chronic effects 
on bodyweight [57]. Thus, despite a positive report 
[58], association of 5-HT2C receptor SNPs with the 
emergence of metabolic syndrome in patients receiv-
ing anti psychotic drugs has not been a consistent 
finding [59]. These observations have served to empha-
size the role played by 5-HT2C receptor antagonism 
in the pharmaco logical mechanisms that result in 
antipsychotic-induced weight gain [12]. They also 
indicate how genetic testing for this and several poly-
morphisms in other genes might provide a  valuable 
predictor of drug-induced weight gain [60].
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Other 5-HT receptors
Pharmacogenetic associations with the clinical conse-
quences of antipsychotic drug treatment have not been 
studied as extensively in the remaining 5-HT recep-
tor genes. An intronic 5-HT4 receptor SNP was found 
to be associated with treatment response, and notably 
effects on cognitive symptoms, in the large candidate 
gene study of the CATIE sample, although this finding 
has not been replicated elsewhere.

A synonymous coding region SNP in the 5-HT6 
receptor (267C/T; rs1805054) has been investigated in 
relation to a variety of psychiatric or cognitive measures; 
it was reported to be associated with response in positive 
and general psychopathology, but not negative, symp-
toms in patients receiving risperidone [60]. However, 
others have failed to replicate this finding [61].

Of the various genome-wide association study 
reports addressing antipsychotic pharmacogenetics, 
only one generated a positive finding for a 5-HT recep-
tor gene. This emerged from the study of response in 
Phase III trials of the recently introduced antipsychotic 
iloperidone and identified a tagging SNP close to the 
5-HT7 gene; no further findings provide support for 
this as a reliable candidate for antipsychotic response.

There still remains great potential in the further 
pharmacogenetic investigation of 5-HT receptor 
genes. The 5-HT1B receptor provides a valuable can-
didate gene, given its effects on the synaptic activity 
of serotonin and other neurotransmitters; in sup-
port there are reports of functional effects of several 
5-HT1B receptor gene polymorphisms. Drug-induced 
weight gain and other metabolic effects also provide 
potential studies of interest with this and other 5-HT 
receptor genes. Similarly, there is a strong theoretical 
basis for further studies on the pharmacogenetics of 
5-HT4 receptor polymorphisms, and particularly their 
role in the effects of drugs on cognitive symptoms, 
which remain inadequately treated in many people 
with schizophrenia.

Regulation of G-protein signaling
Pharmacogenetic studies of some genes associated 
with G-protein signaling have shown their involve-
ment in both side effects and symptom response 
of anti psychotic drugs. While their involvement is 
inevitably not restricted to 5-HT neurotransmission, 
a few relevant reports are worth mentioning here. A 
meta- analysis reported a coding region polymorphism, 
C825T of GNB3, to be marginally associated with 
antipsychotic-induced weight gain [62]. This SNP 
also showed a ‘trend-like’ association with response 
to treatment with typical antipsychotics [17]. A SNP 
in the 3´ region of RGS2 with a functional effect on 
gene expression has been reported to be associated with 

EPS caused by antipsychotic medications [63,64]. There 
is also some evidence indicating that variability in the 
RGS4 gene, itself a reported risk factor for schizophre-
nia, is associated with symptom response, particularly 
in social function [65].

5-HT metabolism
The only enzyme directly involved in the metabolic 
removal of 5-HT is MAO-A. Widely studied in psy-
chiatric disorders and in smoking behavior, this candi-
date has received little attention as a risk gene in symp-
tom response or side effects of antipsychotic drugs. No 
consistent replicated findings have emerged, despite 
an early small study suggesting an additive influence 
of COMT and MAOA SNPs in treatment response 
of conventional antipsychotic drugs [66]. However, it 
might be argued that as MAO enzymes are generally 
unsaturated and in excess in the body, subtle differ-
ences in activity and concentration due to genetic vari-
ability may not have major effects on neurotransmitter 
function.

Epigenetic studies
A recent and highly topical approach to understand-
ing genomic variation is in the field of epigenetics. 
One key epigenetic process is that of DNA methyla-
tion, which is an important inhibitory mechanism in 
the molecular processes controlling gene expression. 
DNA methylation involves the enzymatic methylation 
of cytosine at CpG sites; otherwise relatively rare in 
the human genome, these sites can occur in islands 
of high frequency, particularly in promoter regions 
involved in transcriptional regulation. DNA methyla-
tion of candidate genes has received interest in relation 
to depression and antidepressant response, but is now 
beginning to attract attention as a possible mecha-
nism linking developmental problems such as early 
life trauma to other severe mental illness. Epigenetic 
factors might also contribute to pharmacogenomic 
influences on antipsychotic action. For example, DNA 
methylation can affect response to antipsychotics, and 
conversely can be modified by antipsychotic admin-
istration [67]. Diminished methylation of the HTR2A 
promoter sequence has been observed in schizophrenia 
[68]; although unstudied, this might further contrib-
ute to the variance in antipsychotic response associated 
with SNPs in this gene. One study has identified DNA 
methylation at a transcription factor binding site on 
the 5-HT1A receptor gene correlating with negative 
symptom response to antipsychotic treatment in first 
episode schizophrenia [69], a finding that complements 
the pharmacogenetic results at the adjacent rs6295 
SNP [42]. This pharmacoepigenetic association with 
antipsychotic treatment is an early finding in a research 
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field that is likely to see a rapid expansion in the very 
near future.

Conclusion & future perspective
After two decades of research into the genetic factors 
underlying individual differences in symptom response 
and side effects of antipsychotic drugs, there still 
remains much to understand. It is apparent that genes 
related to 5-HT neurotransmission play an important 
role in this variability; notably in clinical response, par-
ticularly of negative symptoms, and in drug-induced 

weight gain among other side effects. This provides 
some insight into the underlying pharmaco logical 
mechanisms. There remain many inconsistencies in 
the scientific literature, and the inability of genome-
wide association studies to confirm many of the (often 
underpowered) single candidate gene associations is a 
concern. The generally much larger sample size of the 
former hypothesis-free approach has its strengths but 
also weaknesses: the generation of data from perhaps 1 
million tagging SNPs, chosen for their distribution in 
the genome, has limitations in correction for multiple 

Executive summary

5-hydroxytryptamine system in antipsychotic drug action
•	 The receptor pharmacology of many antipsychotic drugs includes actions at various serotonin 

(5-hydroxytryptamine [5-HT]) receptors. The 5-HT neurotransmitter system is thought to be involved in many 
of the consequences of treatment with antipsychotic drugs.

•	 The antipsychotic drug effects in which 5-HT systems are implicated include both symptom response, primarily 
of negative and depressive symptoms, and adverse effects, notably extrapyramidal side effects and weight 
gain.

Pharmacogenetic findings
•	 The 5-HT transporter gene (SLC6A4) polymorphism HTTLPR, much studied in the context of depression and 

antidepressant response, is also reportedly associated with antipsychotic response, particularly of negative 
symptoms.

•	 The 5-HT1A receptor gene (HTR1A) has a functional promoter SNP also associated with negative symptom 
response to antipsychotic drug treatment.

•	 HTR2A has been much studied, given that most second-generation antipsychotic drugs are antagonists at the 
5-HT2A receptor. Most studied are a functionally active promoter SNP and a closely linked synonymous coding 
region SNP. Some association of these SNPs with symptom response has been reported, although association 
with acute extrapyramidal side effects has been little studied and tardive dyskinesia shows only a weak 
association.

•	 HTR2C has functional SNPs that have been studied in the promoter sequence as well as one in the coding 
region. Association with tardive dyskinesia has been reported, but the majority of studies have focused on 
metabolic effects. Promoter SNPs in HTR2C are associated with drug-induced weight gain, reflecting the role 
5-HT2C receptor antagonism plays in the pharmacology of this side effect.

•	 Few other 5-HT receptors have been much studied in the context of antipsychotic drug action. 5-HT4, 6 and 
7 receptors are implicated in the clinical pharmacology of some antipsychotic drugs and their genes provide 
candidates for further pharmacogenetic studies.

Epigenetic studies
•	 Epigenetics provides a further approach to the pharmacogenomic investigation of individual variability in the 

effects of antipsychotic drugs. One epigenetic factor, DNA methylation, can both affect response to and be 
influenced by antipsychotic drugs.

•	 One study has found methylation adjacent to an HTR1A SNP to influence negative symptom response to 
antipsychotics, providing the first indication of the potential of functional epigenetic studies of the 5-HT 
system in antipsychotic drug effects.

Conclusion & future perspective
•	 Pharmacogenomics of 5-HT systems contribute substantially to understanding individual variability of 

antipsychotic drug effects, particularly those of negative symptom response and weight gain.
•	 There remain many inconsistencies between studies, often due to sample differences, not all of which are 

acknowledged.
•	 For future progress, recognition that different functional polymorphisms in the 5-HT system may converge 

to have equivalent, interacting or additive effects is important, as is the integration of modern imaging 
techniques with pharmacogenomics to enlighten functionality in the living brain.

•	 Pharmacogenetic studies certainly contribute to a better understanding of the pharmacological mechanisms 
of antipsychotic drugs.

•	 These and future findings are likely to contribute to personalized medicine through the development of 
predictive testing for both efficacy of treatment with, and liability to the side effects of, antipsychotic drugs.
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testing and in the lack of a focus on functional poly-
morphisms. While the inevitable differences between 
cohorts in terms of drug treatments and ethnicity are 
recognized variables, one common problem that is 
rarely acknowledged is treatment nonadherence, sug-
gesting blood monitoring could be a very valuable 
addition to pharmacogenetic studies.

Consideration of functional effects is, of course, 
important in understanding genetic association with 
drug actions. Several different genes may have an 
association with a particular clinical effect through a 
common pathway. We see this with the response of 
negative symptoms to antipsychotic treatment, for 
which there is evidence identified above for associa-
tions with functional SLC6A4, HTR1A and HTR2A 
polymorphisms, all of which are presumed to influ-
ence 5-HT synaptic activity [3]. Such findings indi-
cate how the analysis of interactions between related 
genes, rather than separate single gene studies, may 
strengthen pharmacogenetic associations. Further-
more, there may well be inter actions at a functional 
level as has been suggested from some imaging stud-
ies; the SLC6A4 polymorphism is associated with the 
activity of the 5-HT1A receptor as well as of its own 
gene product [70]. Thus one can envisage how SNPs 
in several genes related to serotoninergic neurotrans-
mission may have a convergent influence on neuronal 
function and drug response. Future studies should 
consider such interactive and additive effects of genetic 

variability in multiple genes within this serotoniner-
gic pathway. Increasing emphasis on the integration 
of other techniques with pharmaco genetics, not only 
gene-expression studies but also functional imag-
ing in vivo, will lead to a better understanding of the 
 physiological  consequences of genetic  polymorphisms.

These findings of 5-HT-related polymorphisms asso-
ciated with the various consequences of antipsychotic 
drug treatment inform us in two ways. One is that 
they provide some light on the mechanisms under lying 
drug response and side effects, as mentioned above. 
They also illustrate how, eventually, we may be able 
to develop genetic testing that can contribute to the 
assessment of individual predisposition to side effects 
or symptom response – an initial step towards effective 
personalized medicine.
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