Pharmacogenomics and Personalized Medicine Dove

3

Role of 5-HT, _

REVIEW

receptor gene variants in

antipsychotic-induced weight gain

Tessa JM Wallace
Clement C Zai
Eva | Brandl
Daniel | Miiller

Neurogenetics Section, Center

for Addiction and Mental Health,
Department of Psychiatry, University
of Toronto, Toronto, ON, Canada

Correspondence: Daniel ] Miiller
Pharmacogenetics Research Clinic,
Neurogenetics Section, Center for
Addiction and Mental Health,

250 College Street, R30, Toronto,
ON, Canada M5T IR8

Tel +1 416 535 8501 ext 6851

Fax +1 416 979 4666

Email daniel_mueller@camh.net

This article was published in the following Dove Press journal:
Pharmacogenomics and Personalized Medicine

17 August 201 |

Number of times this article has been viewed

Abstract: Antipsychotic-induced weight gain is a serious side effect of antipsychotic medication
that can lead to increased morbidity, mortality, and non-compliance in patients. Numerous
single nucleotide polymorphisms have been studied for association with antipsychotic-induced
weight gain in an attempt to find genetic predictors of this side effect. An ability to predict this
side effect could lead to personalized treatment plans for predisposed individuals, which could
significantly decrease the prevalence and severity of weight gain. Variations in the serotonin
receptor 2¢ gene (HTR2C) have emerged as promising candidates for prediction of antipsychotic-
induced weight gain. Specifically, the well-studied —759C/T promoter polymorphism has been
associated with weight gain in diverse populations, although some studies have reported no
association. This discrepancy is likely due to heterogeneity in study design with respect to
ethnicity, treatment duration, and other variables. Notably, the association between HTR2C
and antipsychotic-induced weight gain appears strongest in short-term studies on patients
with limited or no previous antipsychotic treatment. Other, less extensively studied promoter
polymorphisms (-697C/G, -997G/A, and —1165A/G) have also emerged as potential predictors
of antipsychotic-induced weight gain. Conversely, the well-studied intronic polymorphism
Cys23Ser does not appear to be associated. With further research on both HTR2C and other
genetic and environmental predictors of antipsychotic-induced weight gain, a predictive test
could one day be created to screen patients and provide preventative or alternative treatment
for those who are predisposed to this serious side effect.
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Introduction

Antipsychotics treat a variety of psychotic disorders and represent the primary
treatment for schizophrenia. Among the classes of antipsychotics, most newer
(atypical) antipsychotics produce fewer extrapyramidal side effects than older (typical)
antipsychotics, but many are associated with weight gain that can dramatically affect
patient quality of life.! This induced weight gain can lead to obesity, resulting in
increased morbidity and mortality. Additionally, the social stigma associated with
obesity further isolates patients suffering from mental illness and leads to decreased
compliance with treatment.? The etiology of antipsychotic-induced weight gain
remains largely unknown. Nonetheless, interesting findings have been obtained,
for example, animal studies conducted by Kim et al,’ implicating the histamine H,
receptor-linked activation of hypothalamic AMP-kinase in weight gain induced by
antipsychotics. Another interesting observation is that the variable propensity of patients
to gain weight while on antipsychotic medication, and the concordance of atypical
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antipsychotic-induced weight gain in monozygotic twins and
sibling pairs, suggests a strong genetic component.* However,
the current literature suggests that antipsychotic-induced
weight gain is likely to depend on a variety of both genetic
and environmental factors. Thus, antipsychotic-induced
weight gain is likely to represent a complex phenotype with
an unknown number of implicated genes involved, each with
probably small to moderate effect sizes.

The identification of genetic variants that suggest a risk
for antipsychotic-induced weight gain could contribute
to treatment personalization based on genetic profile.
Patients found to be at high risk for antipsychotic-induced
weight gain could be prescribed a medication with a
lower propensity to cause weight gain or could receive
preventive treatment (such as behavioral intervention
or a pharmacological adjunct).’ Identifying genetic
polymorphisms associated with antipsychotic-induced
weight gain could shed light on the proteins involved and
allow the mechanism of antipsychotic-induced weight gain
to be elucidated, potentially leading to the development of
novel drug treatments. In an attempt to find such genetic
predictors, many polymorphisms in biological systems
associated with drug metabolism, weight regulation, and
antipsychotic action have been studied for association with
antipsychotic-induced weight gain over the past 15 years.
In these studies, variations in the serotonin (5-HT) receptor
2c gene (HTR2C), located at Xq24, have thus far emerged
as promising genetic findings with respect to antipsychotic-
induced weight gain and with replications in independent
samples. In this review, the authors will summarize those
studies published until Fall 2010 and discuss limitations as
well as future perspectives.

The role of 5-HT,_ receptors
in antipsychotic action and weight

regulation

5-HT, . seems to be affected both in the mechanism of action
of many antipsychotic drugs and in energy homeostasis.
Atypical antipsychotics are mostly distinguished from typical
antipsychotics by increased serotonin receptor antagonism®
and they generally cause substantially more weight gain than
typical antipsychotics.” Clozapine and olanzapine, which
cause the most substantial weight gain, both strongly bind
to 5-HT,.*’

Agonists of 5-HT,. have been shown to decrease food
intake'® whereas antagonism of this receptor causes an
increase in food intake." Mice deficient in 5-HT, . develop
hyperphagia leading to obesity.!? Diets rich in fat have been

associated with decreased HTR2C mRNA expression in rats;'
in mice, hyperphagia has been associated with increased
mRNA expression in the hypothalamus.!* Additionally, it
has been shown that 5-HT, . receptors might be involved
in the anorexigenic effects of leptin.*!¢ Nonetheless, the
agonist dexfenfluramine, which was withdrawn from the
pharmaceutical market due to severe side effects, has been
demonstrated not only to bind to 5-HT,. receptors but
also to cause its anorexigenic effect in rodents by 5-HT,,
activation.'” In humans, the selective 5-HT, . agonist lorca-
serin'® caused significantly more weight loss than placebo
during 1 year;" however, due to the fact that only 47.5%
of the lorcaserin-treated patients lost 5% weight or more,
one could argue that 5-HT, . modulation alone may not be
sufficient to cause significant weight loss and that other
regulatory systems may be highly involved in appetite and
weight control as well.

Consequently, gene variants in HTR2C have been
investigated relatively extensively in the past years, with
18 articles now published. One of the first HTR2C gene
variants to be investigated was the coding Cys23Ser variant
first characterized by Lappalainen et al.?* This polymorphism
has yielded mostly negative results. In contrast, the =759C/T
has yielded many significant findings and some recent
significant associations have also been reported for the
—697C/G variant.

Accumulating evidence for
antipsychotic-induced weight gain
and —759C/T polymorphism

Overall, there is compelling evidence supporting the role
of the —759C/T (dbSNP: rs3813929) polymorphism in
antipsychotic-induced weight gain (see Table 1). To date,
eight independent studies have found the variant T allele
or variant genotype to have a protective effect against
antipsychotic-induced weight gain.?'2® However, seven
other studies have found no significant association.?**
Despite the positive studies, the inconsistency of the results
needs to be investigated in detail. The discrepancy is
likely due to the heterogeneity of studies investigating the
—759C/T polymorphism. In fact, two recent meta-analyses
have found the —759C allele to be associated with risk of
antipsychotic-induced weight gain but have also described
significant heterogeneity among the ten studies each meta-
analysis investigated.’**” Relevant variables such as treatment
duration, ethnicity, and medication varied substantially
among studies, as did measures of weight gain and control
for covariates.
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Table | (Continued)

History

Ethnicity

N

Medication

Duration

(in-/outpatient)

Majority antipsychotic naive

(outpatient)
NA (outpatient)

Croatian
NA

108 (108)
134 (47)

Risperidone (42)
Oral:
Olanzapine (31),

Olanzapine (61),
Clozapine (21),

mo
NA

Risperidone (16),
Depot (27),
Other (37),

None (2)
Abbreviations: avg, average; BMI, body mass index; d, day; f, female; mo, month; N, number of patients; NA, not available; NR, not reported; NS, not statistically significant; Ref, reference; wk, week.

The definition of weight gain

The definition of weight gain varies considerably across
studies. Some studies used the amount of kilograms gained,
change in body mass index (BMI), or percentage of base-
line weight gained in a quantitative analysis, whereas other
studies used qualitative analysis with cut-off values (eg,
more than 5%, 7%, or 10% change in weight or BMI). This
discrepancy in measures of weight gain is one of the factors
limiting comparison among studies.

Ethnicity

Ethnicity can be a serious confounder in genetic studies, as
the frequency of gene variants may vary across different
populations. Furthermore, linkage disequilibrium patterns
may vary across ethnicities. This latter factor is espe-
cially important if the true risk-conferring variant remains
unknown and significant findings are reported for variants
in linkage disequilibrium with those undetected or unknown
true risk variants. Studies on —759C/T have investigated
different ethnicities such as Europeans, African-Americans,
and different Asian populations (Japanese, Chinese, and
Korean) where the protective effect of the T allele has been
found in Europeans, Chinese, and Korean samples.?' %
European populations have been the most frequently stud-
ied and in five of seven studies a protective effect of the T
allele has been found, suggesting a significant effect in this
population.?'?>242528 One of the two negative studies used
the phenotype obesity instead of percent weight gain as
their outcome measure, possibly limiting the interpretation
of their results.’! In summary, the =759C/T polymorphism
appears to be most consistently associated in European
populations, with promising findings also in the less studied
Asian populations (see Table 2). Overall, more research is
needed to substantiate these results in Europeans and further
test this association in other populations.

Antipsychotic prescribed

Most studies investigating the role of —=759C/T in antipsy-
chotic-induced weight gain have studied patients treated
with olanzapine and clozapine, These two atypical antipsy-
chotic medications are frequently studied due to their high
propensity to induce weight gain.! Interestingly, all three stud-
ies investigating patients treated primarily with medications
other than clozapine and olanzapine have also found a
significant association between —759C/T and antipsychotic-
induced weight gain.*?%" These results suggest the T allele
has a protective effect against the more moderate weight
gain caused by risperidone and chlorpromazine, as well as
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Table 2 Breakdown of studies investigating —759C/T based on
characteristics of the patient population

Variable Category Statistically Not
significant statistically
significant
Treatment <2 mo [217[22] [23] [29]
duration [24] [26] [27] [28]
=2 mo [25] [28] [30] [32]
[331 34]
Medication Majority high risk*  [21] [22] [24] [29] [30] [31]
[25] [28] [32][33]
[341[33]
Majority not high  [23] [26] [27] NA
risk
Ethnicity Chinese [23] [26] [33]
Korean [27] [32]
Japanese NA [34]
European [217 [22] [24] [30][31]
ancestry [25] [28]
African ancestry ~ NA [29]
mixed with
European
ancestry
Treatment Atypical naive, [22] [23] [26] [28] [30]
history antipsychotic
naive, or first
episode
Chronic/ [25] [291 [31] [33]
treatment
resistant
Environmental  Inpatients [217 [22] [23] [34]
factors [26] [27]
Outpatients NA [30] [31] [35]

Note: *Clozapine or olanzapine.
Abbreviations: mo, month; NA, not applicable.

against the substantial weight gain seen in clozapine- and
olanzapine-treated patients (see Table 2).

Treatment duration

The most prominent difference between studies reporting
a significant protective effect of the T allele and studies
reporting no significant association is the duration of
observed treatment-induced weight changes (see Table 2).
The majority of studies investigating patients with short-term
treatment (1-2 months) found that —759C/T was associated
with antipsychotic-induced weight gain?'-22628 while only
one study with a shorter treatment duration found no signifi-
cant association between —759C/T and antipsychotic-induced
weight gain.?” Conversely, of the five studies investigating
patients treated for at least 2 months, only two found a
significant association between HTR2C and antipsychotic-
induced weight gain.?>*® However, Templeman et al*® found
a protective effect of the —759T allele also at 6 weeks, as well

as after 3 and 9 months; nonetheless, this study included
first-episode patients where the association with the 5-HT,.
gene may be more pronounced as well. The study by Miller
et al® reported a significant effect after 6 months only
when using a 7% cut-off threshold and in a multiple linear
regression, whereas change in kilograms and change in BMI
only revealed non-significant trends.

Taken together, these results suggest that —759C/T
polymorphism may exert its effect mostly on antipsychotic-
induced weight gain in the short term. This may at least
partially explain some of the inconsistent findings across
studies.

Previous treatment

The potential confounding effects of prior antipsychotic
treatment are not well characterized and are often not
well controlled for; in fact, it has been suggested that the
most substantial weight gain occurs in antipsychotic-naive
patients.*® Therefore, differences in previous treatment
among patient populations may partially account for the
discrepancy of results among studies. Four studies in first-
episode, antipsychotic-naive, or atypical antipsychotic-naive
patients found a significant positive association between the
—759C allele and antipsychotic-induced weight gain,?>23-26-28
and only one study in mainly first-episode patients did not
find such an association.*® Of four studies done in chronic or
treatment-resistant patients with a long history of previous
antipsychotic treatment, only one found —759T to have
a protective effect against weight gain.?® These findings
are consistent with treatment duration data showing that
the —759C/T polymorphism may account for more of
the variation in weight gain at the onset of antipsychotic
treatment (see Table 2).

Environmental and lifestyle factors

Many other factors have the potential to affect weight
regulation in patients taking antipsychotic medication. Due
to logistic limitations, no studies specifically measured
relevant variables such as metabolic rate, caloric intake, and
exercise level of patients. Instead, studies focusing on hospital
inpatients, who often have balanced diets and relatively
similar activity levels, can be used to remove some of the
variation due to diet and exercise. Noncompliance may also
be a less significant issue in inpatients. Six studies have been
conducted in inpatients with relatively similar exercise options
receiving nutritionally balanced hospital meals. Five of these
studies found a significant association with antipsychotic-
induced weight gain? 22?7 and one found no association.**
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These results suggest that —759C/T is a stronger predictor of
weight gain in patients who are less affected by heterogeneous
variables such as unbalanced meals and varied exercise levels
(see Table 2).

Summary for -697C/G

Two studies have investigated —697C/G (rs518147) for asso-
ciation with antipsychotic-induced weight gain. One study of
107 European atypical-naive patients treated with olanzapine
found the C allele to be protective against a 10% increase in
BMI (P < 0.001), an effect that was still significant in the
subgroup of 36 antipsychotic-naive patients (P = 0.008).
A high linkage disequilibrium (LD) was also found with
—759C/T.2 Mulder et al*! also investigated this polymorphism
for association with obesity in European antipsychotic-treated
patients but they found no association with this polymor-
phism. Due to the initial positive result the —-697C/G remains
a promising candidate for further study (see Table 3).

Summary for Cys23Ser

Ten studies have investigated the role of Cys23Ser (1s6318,
68G/C) (see Table 4). Of these studies, only one found
an association with antipsychotic-induced weight gain.**
Therefore, although it is able to be assumed that factors such
as lack of power to detect association findings for Cys23Ser
contribute to those mainly negative findings, published
studies today indicate no major impact on antipsychotic-
induced weight gain of that polymorphism.

Additional polymorphisms studied

Five other polymorphisms in the HTR2C gene have been
investigated for association with antipsychotic-induced
weight gain (see Table 5). Mulder et al’! investigated three
novel polymorphisms for association with obesity in a
sample of 127 primarily European atypical antipsychotic-
treated patients. This study found the C allele of rs1414334

to be associated with obesity likely related to antipsychotic
treatment, but found no association with —997G/A
(rs3813928) or the HTR2C:c.1-142948(GT)n 13 repeat.
Notably, “997G/A and —759C/T were found to be in complete
LD, as were the repeat polymorphism c.1-142948(GT)n and
—697C/G. Another study also investigated —997G/A along
with—1165A/G (rs498207) for association with body weight
gain in a sample of 128 European patients treated mainly
with clozapine and olanzapine. This study found a marginal
association among the —1165A allele (P = 0.049) and the
—997G allele and weight gain (P =0.038); it also described a
high LD between the HTR2C polymorphisms investigated.?
A repeat polymorphism [(GT)12-18/(CT) 4-5] was found to
be in weak LD with Cys23Ser and —759C/T was not associ-
ated with weight gain in 139 African-American patients.?
Both —997G/A and —1165A/G are promoter polymorphisms,
suggesting a further role of HTR2C promoter variation in
antipsychotic-induced weight gain.

Summary of haplotype studies

Haplotype analysis has been conducted in four studies
(see Table 6). De Luca et al* investigated haplotypes of
—759C/T, Cys23Ser, and a [(GT)12-18/(CT) 4-5] repeat
polymorphism, and found the C-Ser-long haplotype to be
associated with increased weight (P = 0.042). However,
these results should be taken with caution due to the small
number of patients (n = 13) with this haplotype. Gunes et al*
investigated a haplotype of =759C/T, -697C/G, and Cys23Ser
and found that patients with the C-C-Ser haplotype had a
higher BMI (P = 0.029). They also found obese patients
were more likely to have the C-G-Cys haplotype (P =0.015).
Opgen-Rhein et al** found the A-G-C haplotype of
—-1165A/G, —997G/A, and —759C/T to be over-represented
in patients gaining more than 7% of their body weight after
6 weeks of treatment (P = 0.0049). Additionally, Godlewska
et al*? found haplotypes of —=759C/T and —697C/G to be

Table 3 Summary of genetic studies associating the single nucleotide polymorphism —697C/G with antipsychotic-induced weight gain

Duration Medication N (f) Ethnicity History Measure Main finding Ref
(in-/outpatient)
NA Clozapine (44), 127 (47) >95% Chronic Obesity NS 31
Olanzapine (40), European ancestry ~ (majority outpatients)
Risperidone (26),
Other (26)
6 wk Olanzapine 107 (54)  European ancestry  Atypical naive with > or <7% and C protective against 10% 22

36 drug naive, not
treatment resistant
(inpatient)

10% BMI change  BMI change (P < 0.001); still
significant in 36 drug-naive

patients (P = 0.008).

Abbreviations: BMI, body mass index; f, female; NA, not available; NS, not statistically significant; Ref, reference; wk, week.
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Table 4 Summary of genetic studies associating the single nucleotide polymorphism Cys23Ser with antipsychotic-induced weight gain

Duration Medication N (f) Ethnicity History Measure Main finding Ref
(in-/outpatient)
6—14 wk Clozapine (92), 139 (NR)  African-American and Chronic > or NS 29
(avg 11.2)  Olanzapine (21), European ancestry <7% weight change
Haloperidol (13),
Risperidone (13)
69.8 Clozapine 152 (76) German descent All with previous % change in weight NS 49
(+40) wk treatment, majority
treatment resistant
<42d Risperidone 123 (55) Han Chinese No atypical Weight gain (kg) Minor allele not 23
(inpatients) adjusted for observed
baseline
6 wk Clozapine (24), 128 (48) Eastern European (8), Mixed (both) > or NS 24
Olanzapine (33), Western European (110), <7% weight change
Risperidone (8), Turkish (10)
Combination (52)
4 wk Olanzapine (35), 102 (56) European ancestry 48% with previous Change in BMI NS 50
Risperidone (32), treatment (inpatients)
Amisulpride (22),
Quetiapine (16),
Clozapine (16),
Ziprasidone (9),
Other typical (50)
8-24 wk Olanzapine 164 (64)  Japanese NA (inpatients) % BMI change Ser23 a risk 34
factor in stepwise
linear regression,
but not
associated with
change in BMI
4 mo Clozapine 93 (33) Chinese Treatment refractory ~ Weight change NS 51
6 wk Clozapine 80 (28) European ancestry (58), NA Weight change NS 52

African-American (22)

Abbreviations: avg, average; BMI, body mass index; d, day; f, female; mo, month; NA, not available; NR, not reported; NS, not statistically significant; Ref, reference; wk, week.

associated with weight gain (P = 0.001). However, due to
the different polymorphism combinations analyzed in each
study, comparison is limited. Nonetheless, significant results
further suggest that the HTR2C gene variants are associated
with antipsychotic-induced weight gain and implicate a need
for further studies including HTR2C haplotypes.

Functional studies

Some of the study results presented thus far bear the limitation
that the functional relevance (eg, altered gene expression,
altered protein conformation, altered mRNA stability,
and so forth) of the polymorphisms remains unknown to
date. Studies that investigated polymorphisms with known
functional relevance should therefore be given more attention.
To date, five studies have investigated the functional effects
of HTR2C promoter variants. In two neuroblastoma cell
lines, Hill and Reynolds* investigated haplotypes containing
-997G/A, -759C/T, and —697C/G polymorphisms as well
as the GT dinucleotide repeat polymorphism at —1028

varying from 11 to 21 repeats in length. They found
—697C or —759T allele containing haplotypes decreased
promoter activity. No effect was observed for the other two
polymorphisms. Conversely, haplotypes containing either
the —997A/=759T or —697C polymorphisms have been
associated with increased activity.*' Additionally, Buckland
et al*? associated the —=759T and —997G alleles with increased
transcriptional activity in vitro. McCarthy et al** found no
significant difference between the major haplotype and
haployptes containing —759T and —697C in humans, but
they did find that haplotypes containing —759C and —697C
showed a 21% decrease in activity in vitro. Two studies have
also found the length of the GT repeat to have no effect on
transcription rate.*>4*

It has been hypothesized that an increased HTR2C tran-
scription, leading to a more active 5-HT, . system, might be
protective against antipsychotic-induced weight gain, since
subjects may be less sensitive to the metabolic changes
caused by the medication.** Conversely, Hill and Reynolds*
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Table 5 Summary of genetic studies associating other single nucleotide polymorphisms (SNPs) with antipsychotic-induced weight gain

SNP Duration Medication N (f) Ethnicity History (in-/ Measure Main finding Ref
outpatient)
—997G/A NA Clozapine (44), 127 (47)  >95% European ~ Chronic Obesity NS 31
Olanzapine (40), ancestry (majority
Risperidone (26), outpatients)
Other (26)
-997G/A 6 wk Olanzapine (33), 128 (48)  Eastern Mixed (both) > or Associated with 24
Clozapine (24), European (8), <than 7% weight gain in
Risperidone (8), Western weight change  haploview (P = 0.038)
Amisulpride (2), European (110),
Quetiapine (2), Turkish (10)
Combination (52)
rs|414334 NA Clozapine (44), 127 (47)  >95% European  Chronic Obesity C associated OR 2.8; 31
Olanzapine (40), ancestry (majority 95% Cl: 1.03-7.62
Risperidone (26), outpatients)
Other (26)
—1165 A/G 6 wk Olanzapine (33), 128 (48)  Eastern Mixed (both) > or A/AA associated 24
Clozapine (24), European (8), <7% weight with weight gain
Risperidone (8), Western change (P=0.052) in
Amisulpride (2), European (110), haploview
Quetiapine (2), Turkish (10) (P =0.0049)
Combination (52)
[(GT)I12-18/ 6—14 wk Clozapine (92), 139 African- Chronic > or NS 29
(CT) 4-5] repeat  (avg 11.2)  Olanzapine (21), American <7% weight
Other (26) change
c.1-142948(GT), NA Clozapine (44), 127 (47)  >95% European  Chronic Obesity NS 31
(13 or 16 repeat) Olanzapine (40), ancestry (majority
Risperidone (26), outpatients)
Other (26)
Abbreviations: avg, average; Cl, confidence interval; f, female; NA, not available; NS, not statistically significant; OR, odds ratio; Ref, reference; wk, week.
Table 6 Summary of genetic studies associating haplotypes with antipsychotic-induced weight gain
SNPs Duration  Medication N (f) Ethnicity History (in-/  Measure Main finding Ref
outpatient)
—759C/T, 6—14 wk Clozapine (92), 139 (NR)  African-American  Chronic % weight Long-C-Ser (n = 13) 29
Cys23Ser (avg 11.2) Olanzapine (21), and European change increased weight
repeat Other (26) ancestry (P=0.042)
Cys23Ser, >6 mo Olanzapine (28), 46 (20) European Majority BMI Higher BMl in 39
—759C/T, Clozapine (18) ancestry with previous C-C-Ser
—697CIG atypical (P=0.029); C-G-Cys
treatment over-represented
(outpatient) in obese patients
(P=0.015)
—1165 A/IG, 6wk Clozapine (24), 128 (48) Eastern Mixed (both) > or A-G-C 24
—997GIA, Olanzapine (33), European (8), <7% weight over-represented in
—759C/T Risperidone (8), Western change cases (P = 0.0049)
Amisulpride (2), European (110),
Quetiapine (2), Turkish (10)
Combination (52)
—759C/T, 6 wk Olanzapine 107 (54) European Atypical naive > or <7% Haplotypes associated 22
—-697C/IG ancestry with 36 drug and 10% BMI  with >10% change
naive, not change in BMI (P =0.001)
treatment
resistant
(inpatient)

Abbreviations: avg, average; BMI, body mass index; f, female; mo, month; NR, not reported; Ref, reference; SNP, single nucleotide polymorphism; wk, week.
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suggest that the decrease in transcription they found with
the —759T and —697C alleles could instead protect against
antipsychotic-induced weight gain.

In 1995 Lappalainen et al® identified and tested the
HTR2C Cys23Ser variant and found no significant difference
in response to serotonin in Xenopus oocytes expressing
the 23Ser allele. Fentress et al*® also concluded that this
variant had no functional effect in vitro and concluded that
association findings might be caused rather by LD with
another, functional relevant single nucleotide polymorphism.
Conversely, Okada et al*’ observed an altered baseline
activity and receptor response in vitro caused by the 23Ser
variant and concluded that the polymorphism might be highly
relevant for regulation of human behavior and antipsychotic-
induced weight gain. In summary, it remains unclear whether
the Cys23Ser variant alters the functionality of the HTR2C
gene. Other factors such as post-transcriptional editing and
splicing of HTR2C mRNA will also needed to be analyzed.*
Further functional studies are required to determine potential
effects of HTR2C variants.

Conclusions

Polymorphisms in H7R2C have emerged as likely contributors
to antipsychotic-induced weight gain. In particular, the —=759C
allele has shown a positive association with antipsychotic-
induced weight gain in several independent studies. The
inclusion of diverse populations with varied ethnicity,
prescribed medication, and previous antipsychotic exposure
may explain some of the inconsistencies.>” Notably, this
association appears primarily important in the early course
of weight gain and in patients with limited prior exposure to
antipsychotic medication.

In addition, the promoter polymorphisms —697C/G,
—997G/A, and —1165 A/G have also emerged as potential
predictors of antipsychotic-induced weight gain, both in early
association studies and in functional studies of promoter
haplotypes. However, the relatively well-studied exonic
Cys23Ser polymorphism does not appear to be associated
with weight gain.

Taken together, studies in HTR2C polymorphisms sug-
gest a significant association of HTR2C promoter polymor-
phisms with antipsychotic-induced weight gain. However,
given the findings in the meta-analyses and the notion that
antipsychotic-induced weight gain is supposedly a complex
phenotype, the effect sizes of the HTR2C polymorphisms are
rather small and on its own, HTR2C is unlikely to be used
for predictive testing in the clinic.

Future perspectives

Personalized medicine is increasingly becoming a promising
tool for the treatment of a wide range of diseases. The ability
to predict treatment response using genetic and clinical
variables will allow for individualization of treatment where
outcome (response) can be maximized for each patient and
harmful side effects can be avoided.

Antipsychotic-induced weight gain remains a
concerning side effect of most atypical antipsychotic
treatments due to the secondary health issues and the
decreased patient compliance it causes. Currently, few
reliable clinical and demographic risk factors have
been established for antipsychotic-induced weight
gain, but genetic studies are beginning to converge
on specific genetic polymorphisms that are associated
with this side effect. Polymorphisms in HTR2C, most
notably the —759C/T polymorphism, have emerged as
likely contributors to antipsychotic-induced weight
gain. Promising early findings regarding the —697C/G
polymorphism have also been reported. Although the
—759C/T polymorphism will likely contribute to the
creation of a clinical algorithm to guide antipsychotic
treatment, it is unlikely that this individual polymorphism
will explain enough of the variation to predict side effect
profile on its own. Therefore, further research is needed to
examine novel markers in the 326kb spanning HTR2C gene.
Among others, a promising strategy will be to perform
next-generation sequencing in order to assess the entire
variability of this gene. Such a strategy is likely to unravel
yet more variants that, although rare, may have large effect
sizes. In addition, epigenetic analyses addressing DNA
methylation and histone acetylation are warranted along
with micro-RNA analyses and RNA editing, in order to
incorporate DNA sequence-independent mechanisms
impacting on the expression of the 5-HT,. gene.

Further, studies investigating antipsychotic-induced
weight gain should ideally be conducted using prospec-
tive designs, assessing weight as a quantitative measure
(eg, changes in kilograms) corrected for initial body
weight and in initial (or early) phases of antipsychotic
exposure.

With this research, an algorithm incorporating mul-
tiple polymorphisms and clinical variables could in the
future obtain the predictive power to determine individual
patients at risk for antipsychotic-induced weight gain and
allow for medication selection to avoid this devastating
side effect.

Pharmacogenomics and Personalized Medicine 201 |:4

submit your manuscript 91

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Wallace et al Dove
ACknOWIedgments 18. Thomsen W1J, Grottick AJ, Menzaghi F, et al. Lorcaserin, a novel
; : : : selective human 5-hydroxytryptamine2C agonist: in vitro and in vivo

CIHR operating grant to DIM (Genetics of antipsychotics pharmacological characterization. J Pharmacol Exp Ther.2008;325(2):

induced metabolic syndrome, MOP 89853); NARSAD Young 577-587.

Investigator Award to DJM, CIHR Michael Smith New Inves- 19. Smith SR, Weissman NJ, Anderson CM, et al. Multicenter, placebo-

tigator Salary Prize for Research in Schizophrenia to DJM, ;g?g.(;l;i;;lgzgleggcaserm for weight management. ' Engl J Med:

OMHF New Investigator Fellowship to DJIM. 20. Lappalainen J, Zhang L, Dean M, et al. Identification, expression, and

pharmacology of a Cys23-Ser23 substitution in the human 5-HT2c
. receptor gene (HTR2C). Genomics. 1995;27(2):274-279.
DlSCIOSU re 21. Ellingrod VL, Perry PJ, Ringold JC, et al. Weight gain associated with
The authors report no conflicts of interest in this work. the —759C/T polymorphism of the SHT2C receptor and olanzapine.
Am J Med Genet B Neuropsychiatr Genet. 2005;134B(1):76-78.
22. Godlewska BR, Olajossy-Hilkesberger L, Ciwoniuk M, et al.

References Olanzapine-induced weight gain is associated with the —759C/T and

1. Miiller DJ, Kennedy JL. Genetics of antipsychotic treatment emergent —697G/C polymorphisms of the HTR2C gene. Pharmacogenomics J.
weight gain in schizophrenia. Pharmacogenomics. 2006;7(6): 863—887. 2009;9(4):234-241.

2. Muench J, Hamer AM. Adverse effects of antipsychotic medications. 23, Lane H-Y, Liu Y-C, Huang C-L, et al. Risperidone-related weight gain:
Am Fam Physician. 2010;81(5):617-622. genetic and nongenetic predictors. J Clin Psychopharmacol. 2006;26(2):

3. Kim SF, Huang AS, Snowman AM, et al. Antipsychotic drug-induced 128-134.
weight gain mediated by histamine H1 receptor-linked activation of 24, Opgen-Rhein C, Brandl EJ, Miiller DJ, et al. Association of HTR2C,
hypothalamic AMP-kinase. Proc Natl Acad Sci U S A. 2007;104(9): but not LEP or INSIG2, genes with antipsychotic-induced weight gain
3456-3459. in a German sample. Pharmacogenomics. 2010;11(6):773-780.

4. Gebhardt S, Theisen FM, Haberhausen M, et al. Body weight gain 25, Miller DD, Ellingrod VL, Holman TL, Buckley PF, Arndt S. Clozapine-
induced by atypical antipsychotics: an extension of the monozygotic induced weight gain associated with the SHT2C receptor —759C/T
twin and sib pair study. J Clin Pharm Ther. 2010;35(2):207-211. polymorphism. Am J Med Genet B Neuropsychiatr Genet.2005;133B(1):

5. Faulkner G, Cohn, T, Remington G. Interventions to reduce weight 97-100.
gain in schizophrenia. Schizophr Bull. 2007;33(3):654-656. 26. Reynolds GP, Zhang Z-J, Zhang X-B. Association of antipsychotic

6. Meltzer HY, Matsubara S, Lee JC. The ratios of serotonin2 and drug-induced weight gain with a 5-HT2C receptor gene polymorphism.
dopamine2 affinities differentiate atypical and typical antipsychotic Lancet. 2002;359(9323):2086-2087.
drugs. Psychopharmacol Bull. 1989;25(3):390-392. 27. Ryu S, Cho EY, Park T, et al. =759C/T polymorphism of 5-HT2C

7. Nasrallah HA. Atypical antipsychotic-induced metabolic side effects: receptor gene and early phase weight gain associated with antipsy-
insights from receptor-binding profiles. Mol Psychiatry. 2008;13(1): chotic drug treatment. Prog Neuropsychopharmacol Biol Psychiatry.
27-35. 2007; 31(3):673-677.

8. Theisen FM, Haberhausen M, Firnges MA, et al. No evidence for 28, Templeman LA, Reynolds GP, Arranz B, San L. Polymorphisms of the
binding of clozapine, olanzapine and/or haloperidol to selected 5-HT2C receptor and leptin genes are associated with antipsychotic
receptors involved in body weight regulation. Pharmacogenomics J. drug-induced weight gain in Caucasian subjects with a first-episode
2007;7(4):275-281. psychosis. Pharmacogenet Genomics. 2005;15(4):195-200.

9. Reynolds GP, Kirk SL. Metabolic side effects of antipsychotic ~ 29. De Luca V, Miiller DJ, Hwang R, et al. HTR2C haplotypes and
drug treatment: pharmacological mechanisms. Pharmacol Ther. antipsychotics-induced weight gain: X-linked multimarker analysis.
2010;125(1):169-179. Hum Psychopharmacol. 2007;22(7):463-467.

10. Clifton PG, Lee MD, Dourish CT. Similarities in the action of 30. Kuzman MR, Medved V, Bozina N, Hotujac L, Sain I, Bilusic H.
Ro 60-0175, a 5-HT2C receptor agonist and d-fenfluramine on feeding The influence of 5-HT(2C) and MDRI1 genetic polymorphisms on
patterns in the rat. Psychopharmacology (Berl). 2000;152(3): 256-267. antipsychotic-induced weight gain in female schizophrenic patients.

11. Bonhaus DW, Weinhardt KK, Taylor M, et al. RS-102221: a novel high Psychiatry Res. 2008;160(3):308-315.
affinity and selective 5-HT2C receptor antagonist. Neuropharmacology. 31. Mulder H, Franke B, van der-Beek van der AA, et al. The association
1997;36(4-5):621-629. between HTR2C polymorphisms and obesity in psychiatric patients

12. Tecott LH, Sun LM, Akana SF, et al. Eating disorder and epilepsy in using antipsychotics: a cross-sectional study. Pharmacogenomics
mice lacking 5-HT2c serotonin receptors. Nature. 1995;374(6522): J.2007;7(5):318-324.

542-546. 32. Park YM, Cho JH, Kang SG, et al. Lack of association between the

13. Schaffhauser AO, Madiehe AM, Braymer HD, Bray GA, York DA. ~759C/T polymorphism of the 5-HT2C receptor gene and olanzapine-
Effects of a high-fat diet and strain on hypothalamic gene expression induced weight gain among Korean schizophrenic patients. J Clin
in rats. Obes Res. 2002;10(11):1188-1196. Pharm Ther. 2008;33(1):55-60.

14. Nonogaki K, Nozue K, OkaY. Hyperphagia alters expression of hypo- 33. Tsai SJ, Hong CJ, Yu YW, Lin CH. —=759C/T genetic variation
thalamic 5-HT2C and 5-HT1B receptor genes and plasma des-acyl of SHT(2C) receptor and clozapine-induced weight gain. Lancet.
ghrelin levels in Ay mice. Endocrinology. 2006;147(12):5893-5900. 2002; 360(9347):1790.

15. Von Meyenburg C, Langhans W, Hrupka BJ. Evidence for arole ofthe ~ 34. Ujike H, Nomura A, Morita Y, et al. Multiple genetic factors in
5-HT2C receptor in central lipopolysaccharide-,interleuikin-1 beta-, olanzapine-induced weight gain in schizophrenia patients: a cohort
and leptin-induced anorexia. Pharmacol Biochem Behav. 2003;74(4): study. J Clin Psychiatry. 2008;69(9):1416-1422.

1025-1031. 35. Yevtushenko OO, Cooper SJ, O’Neill R, Doherty JK, Woodside

16. Reynolds GP, Hill MJ, Kirk SL. The 5-HT2C receptor and antipsychotic- JV, Reynolds GP. Influence of 5-HT2C receptor and leptin gene
induced weight gain: mechanisms and genetics. J Psychopharmacol. polymorphisms, smoking and drug treatment on metabolic distur-
2006;20(4 Supp):15-18. bances in patients with schizophrenia. Br J Psychiatry. 2008;192(6):

17. Banas SM, Doly S, Boutourlinsky K, et al. Deconstructing antiobe- 424-428.
sity compound action: requirement of serotonin 5-HT2B receptors  36. De LucaV, Miiller DJ, de Bartolomeis A, Kennedy JL. Association of the
for dexfenfluramine anorectic effects. Neuropsychopharmacology. HTR2C gene and antipsychotic-induced weight gain: a meta-analysis.
2011; 36(2):423-433. Int J Neuropsychopharmacol. 2007;10(5):697—704.

92 submit your manuscript Pharmacogenomics and Personalized Medicine 201 |:4

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

HTR2C and antipsychotic-induced weight gain

37.

38.

39.

40.

41.

42.

43.

44,

Sicard MN, Zai CC, Tiwari AK, et al. Polymorphisms of the HTR2C
gene and antipsychotic-induced weight gain: an update and meta-
analysis. Pharmacogenomics. 2010;11(11):1561-1571.
Alvarez-Jiménez M, Gonzalez-Blanch C, Crespo-Facorro B, et al.
Antipsychotic-induced weight gain in chronic and first-episode
psychotic disorders: a systemic critical reappraisal. CNS Drugs.
2008;22(7):547-562.

Gunes A, Melkersson KI, Scordo MG, Dahl M-L. Association between
HTR2C and HTR2A polymorphisms and metabolic abnormalities in
patients treated with olanzapine or clozapine. J Clin Psychopharmocol.
2009;29(1):65-68.

Hill MJ, Reynolds GP. 5-HT2C receptor gene polymorphisms associated
with antipsychotic drug action alter promoter activity. Brain Res.
2007;1149:14-17.

Yuan X, Yamada K, Ishiyama-Shigemoto S, Koyama W, Nonaka K.
Identification of polymorphic loci in the promoter region of the serotonin
5-HT2C receptor gene and their association with obesity and type II
diabetes. Diabetologia. 2000;43(3):373-376.

Buckland PR, Hoogendoorn B, Guy CA, Smith SK, Coleman SL,
O’Donovan MC. Low gene expression conferred by association of an
allele of the 5-HT2C receptor gene with antipsychotic-induced weight
gain. Am J Psychiatry. 2005;162(3):613-615.

McCarthy S, Mottagui-Tabar S, Mizuno Y, et al. Complex HTR2C
linkage disequilibrium and promoter associations with body mass index
and serum leptin. Hum Genet. 2005;117(6):545-557.

Meyer J, Saam W, Mossner R, et al. Evolutionary conserved
microsatellites in the promoter region of the 5-hydroxytryptamine
receptor 2C gene (HTR2C) are not associated with bipolar disorder in
females. J Neural Transm. 2002;109(5-6):939-946.

Pharmacogenomics and Personalized Medicine

Publish your work in this journal

Pharmacogenomics and Personalized Medicine is an international, peer-
reviewed, open access journal characterizing the influence of genotype
on pharmacology leading to the development of personalized treatment
programs and individualized drug selection for improved safety, efficacy
and sustainability. This journal is indexed on the American Chemical

45.

46.

47.

48.

49.

50.

SI.

52.

Drago A, Serretti A. Focus on HTR2C: a possible suggestion for genetic
studies of complex disorders. Am J Med Genet B Neuropsychiatr Genet.
2009;105B(5):601-637.

Fentress HM, Grinde E, Mazurkiewicz JE, Backstrom JR, Herrick-
Davis K, Sanders-Bush E. Pharmacological properties of the Cys23Ser
single nucleotide polymorphism in human 5-HT2C receptor isoforms.
Pharmacogenomics J. 2005;5(4):244-254.

Okada M, Northup JK, Ozaki N, Russel JT, Linnoila M, Goldman D.
Modification of human 5-HT(2C) receptor function by Cys23Ser, an
abundant, naturally occurring amino-acid substitution. Mol Psychiatry.
2004;9(1):55-64.

Hannon J, Hoyer D. Molecular biology of 5-HT receptors. Behav Brain
Res. 2008;195(1):198-213.

Rietschel M, Naber D, Fimmers R, Moéller HJ, Propping P, MGthem NM.
Efficacy and side effects of clozapine not associated with variation in
the 5-HT2C receptor. Neuroreport. 1997;8(8):1999-2003.

Popp J, Leucht S, Heres S, Steimer W. DRD4 48 bp VNTR but not 5-HT
2C Cys23Ser receptor polymorphism is related to antipsychotic-induced
weight gain. Pharmacogenomics J. 2009;9(1):71-77.

Hong CJ, Lin CH, Yu YW, Yang KH, Tsai SJ. Genetic variants of
the serotonin system and weight change during clozapine treatment.
Pharmacogenetics. 2001;11(3):265-268.

Basile VS, Masellis M, McIntyre RS, Meltzer HY, Lieberman JA,
Kennedy JL. Genetic dissection of atypical antipsychotic-induced
weight gain: novel preliminary data on the pharmacogenetic puzzle.
J Clin Psychiatry. 2001;62(23 Suppl):45—66.

Dove

Society’s Chemical Abstracts Service (CAS). The manuscript manage-
ment system is completely online and includes a very quick and fair
peer-review system, which is all easy to use. Visit http://www.dovepress.
com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: http://www.dovepress.com/pharmacogenomics-and-personalized-medicine-journal

Pharmacogenomics and Personalized Medicine 201 |:4

submit your manuscript

93

Dove


http://www.dovepress.com/pharmacogenomics-and-personalized-medicine-journal
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


