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From genes to psychoses and back: the role
of the 5HT2«-receptor and prepulse inhibition

in schizophrenia

Abstract Decomposition of schizophrenia into
neurobiological vulnerability traits is necessary to
understand the complex genetic underpinnings of this
phenomenologically defined disorder. This issue is dis-
cussed with a focus on prepulse inhibition (PPI) as a
neurobiological phenotype and the 5HT2a-receptor as a
candidate gene. A series of recent studies illuminates

that PPI and 5HT2a-receptors present as vulnerability -

markers for schizophrenia; a functional sequence vari-
ant in the 5HT2a-gene is contributing to this relation-
ship and might consequently contribute to the genetic
predisposition to schizophrenia with a very small risk
increase.
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From the pSychosés to geneS?

Psychiatric disorders are defined by clusters of symptoms
and other conventional criteria (temporal, cut-off, psy-
chosocial impairment). Their etiological basis is com-
plex, encompassing polygenic and environmental causal
factors. The classical approach for unravelling the genetic
architecture of psychiatric disorders is to start with the
phenotype and to map disease genes in a systematic (e.g.
genome-wide) manner. This approach is sometimes
called the backward approach. The final goal is to trace
these identified susceptibility genes through their
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molecular, cellular and systemic actions to the behav-
ioural phenotype (“forward genetics”) (Fig. 1). Among
psychiatric disorders schizophrenia received most
extensive etiological research interest in this respect.

Using diagnostic constructs as phenotypes, the
search for the molecular genetic determinants of
schizophrenia by genome-wide linkage and sub-
sequent candidate region based fine-mapping studies
delivered only inconsistent results [14]; yet, meta-
analyses based on multiple case-control studies con-
firmed allele-specific associations to schizophrenia for
a few genes (mainly NRG1 and G72/DAOA); the
strength of the associations is only very weak—
mostly around a relative risk of 1.5 or less specific to
genetic markers [16].

The recent methodological progress towards
hypothesis-free genome-wide association studies did
not strengthen the impact of these postulated sus-
ceptibility genes: Although genetic variants meeting
the requirements of genome-wide significance-were
identified in extensive or less well sized samples or
subsamples (e.g. [8]); none of these susceptibility
variants fits together with variants identified through
the previous approach combining genome-wide
linkage studies and candidate region fine-mapping.
The diversity of these results points to an enormous
complexity of the number and interactions of con-
tributing factors. Alternative approaches are required
in order to disentangle this complexity. One currently
preferred strategy is the decomposition of the diag-
nostic phenotype into its neurobiological correlates.

Endo'p'henotybés‘ instéad of diagnoses?

The phenomenological basis of the classification of
psychiatric disorders is considered as the most
impeding obstacle for the success in the search for
susceptibility genes. Hence endophenotypes were
proposed to substitute diagnoses in the search for
genes underlying human diseases. In this context



Fig. 1 lllustration of the interplay between
backward genetics and forward genetics
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endophenotypes present as the phenotypic endpoints
of pathogenic variants of susceptibility genes. It is
believed that endophenotypes are more closely related
to the gene actions than the diagnoses; therefore these
intermediate phenotypes might guide the way to the
genetic basis of diseases. Neurobiological phenotypes
are most promising in this respect [7].

This strategy was, however, not as successful as
initially expected. Genetic variants with the strongest
impact on endophenotypes (e.g. the COMT-met/val-
polymorphism) were up to now not confirmed as
susceptibility genes [8]. Yet, the genetic analysis of
neurobiological endophenotypes might shed light on
the genetic basis of the disorder in question and help
to disentangle the genetic complexity. We discuss this
possibility with the concept of prepulse inhibition
(PPI) as a particularly promising endophenotype.

PPI of the acoustic startle response (ASR) has been
firmly established as an operational measure of sen-
sorimotor gating. PPI reflects the regulation of sensory
input by filtering out irrelevant or distracting signals;
by this means an overflow of sensory stimuli is pre-
vented resulting in a selective and efficient processing
of relevant information. PPI is defined as a substantial
reduction of the amplitude of the startle reflex that
occurs when a prepulse (distinctive non-startling
stimulus) is presented 30-500 ms prior to the startling
stimulus. The degree of PPI reveals a broad interindi-
vidual variation. PPI is mostly expressed as the percent
reduction of the startle amplitude between prepulse-
pulse trials and pulse-alone trials.

PPI: more than ank en‘dopyhénotypem

One source of variation of the PPI is the disease sta-
tus: In accordance with the filter deficit model of
schizophrenia, diminished PPI has been consistently
demonstrated in patients with schizophrenia and

schizophrenia spectrum disorders as schizotypal
personality disorder [6]. This PPI deficit in schizo-
phrenia reflects a core pathogenic pattern of the dis-
ease: anatomical and functional perturbations in the
cortico-striato-pallido-thalamic (CSPT) circuitry.

PPI is under strong genetic influences:

1. Twin studies suggest that over 50% of PPI variance
can be attributed to genetic factors [1].

2. The established genetic predisposition of schizophre-
nia might also contribute to the PPI deficit of schizo-
phrenia patients; unaffected first-degree relatives of
schizophrenia patients also display a PPI deficit [2].

Increased risk for schizophrenia does not only
derive from a familial-genetic relationship to an af-
fected biological relative. Prodromal schizophrenia
is characterized by psychosis-like intermittent or
attenuated symptoms or signs which put a person on
a substantially increased risk for conversion to the full
blown psychosis. PPI also characterises this high risk
state: Individuals with prodromal states reveal PPI
deficits [11].

On the basis of these findings PPI disruption has
emerged as a particularly promising candidate end-
ophenotype of schizophrenia. Most of the criteria
suggested by Gottesman and coworkers for an end-
ophenotype are fulfilled by PPI [4]: it is associated
with illness in families in the population, it is inher-
ited, it shows temporal stability, and is more common
in non-affected family members. In addition, PPI
deficits are common in prodromal states. Yet, the
criterion of pharmacological stability of the en-
dophenotype is not fulfilled which may turn out to be
an advantage for research purposes. Two aspects fa-
vour PPI as a candidate trait beyond alternative
endophenotypes:

1. PPI does not only occur in humans but also in rodents
[18]; thus it can be widely studied using genetic and
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pharmacological techniques; furthermore, perturba-
tion of PPI in rodents might define animal models for
a core cognitive aspect of schizophrenia [17];

2. PPI in humans is not stable but can be modulated by
drugs including a series of antipsychotic substances as
well as psychotomimetic drugs [19]; the target proteins
of these drugs define candidate genes underlying the
PPI mechanism; these target proteins might also pave
the way to investigate involved genetic mechanisms.

PPI shares these two aspects with some other
equally well studied neurobiological endophenotypes
of schizophrenia (particularly working and episodic
memory). These privileged endophenotypes deserve
detailed pharmacological and genetic analysis.

Pharmacological basis of PPI

Which neurotransmitter systems are determining
PPI? Two major techniques are able to unravel the
neurochemical basis of PPI:

1. Pharmacological manipulation by well characterized
specific drugs and nicotine in human and animal
models. These studies are pointing to four neuro-
transmitter systems: serotonin, dopamine, glutamate
and acetylcholine.

2. Genetic manipulation in animal models using trans-
genic techniques confirms the impact of these four
neurotransmitter systems.

We focus on the serotonin 2a-receptor (SHT2a-R).
This receptor is involved in the vulnerability to
schizophrenia. Using F-Altanserin as a PET-ligand of
the 5HT2a-R, Hurlemann et al. [5] found a progressive
reduction of the cortical and subcortical 5HT2a-R
density (particularly in the right caudate nucleus) in
subjects reporting prodromal symptoms or signs of
schizophrenia. This observation was independent of
the later conversion to full blown psychosis, but sub-
sequent converters revealed the most distinct devia-
tions.

Agonists of the 5HT2a-R have been extensively
studied, e.g. the drug psilocybin [19]; these drugs are
psychotomimetic and increase the vulnerability for
psychosis. These 5HT2a-R-agonists simultaneously
reduce PPI in human volunteers depending on the
stimulus characteristics [19]. Dopamine-receptor
antagonists such as atypical neuroleptic drugs like
olanzapine antagonize the PPI deficit in patients with
schizophrenia [10].

|mplicatioh of the SHTZa-gene in PPI

Converging evidence for the role of the 5HT2a-R in the
vulnerability to schizophrenia comes from molecular
genetic investigations. The 5HT2a-R gene carries a
DNA-sequence A/G-variation at position 1438 just

upstream of the promoter influencing the promoter
activity of the 5HT2a gene in in vitro models. In an
experimental study by Parsons et al.,, this polymor-
phism resulted in a differential transcription of the
gene (with the G allele related to underexpression of the
gene); putatively, altered receptor density in vivo is the
consequence [9]. Interestingly, this site is in linkage
disequilibrium with another very frequently investi-
gated SNP in the 5HT2a-R-gene at position 102 T/C.
[15] This allelic variation is without a known direct
functional effect. The 1438 G allele is segregating to-
gether with the 102 C allele. The linked functional 1438
A/G and the synonymous 102 T/C polymorphisms were
recently considered together in order to investigate
their impact on PPI Indeed, the degree of PPI varied
with the genotype: patients with schizophrenia who
revealed homozygosity for C at position 102 together
with homozygosity for 1438 G presented with the most
pronounced PPI deficits [12]. Taken together with the
gene expression studies by Parsons et al. [9], a reduced
level of 5HT2a-R-mRNA or eventually also 5HT2a-
protein can be expected among cases who are partic-
ularly impaired by PPI deficits. Yet, the relationship of
PPI to the 5HT2a-R and the functional genetic varia-
tions is not unique. For example, Quednow et al. [13]
recently described an association of the val variant of
the COMT-gene to PPI deficits in schizophrenia; a
similar relationship was described for healthy volun-
teers. COMT is the key catabolic enzyme for dopamine
metabolism in the prefrontal cortex.

Relatlonshlptothe disorder schizophrenia?

The association of specific 5HT2a-genotypes with the
endophenotype of PPI deficits as well as a reduction of
gene expression proposes an association of the same
genotype with schizophrenia. This hypothesis has re-
ceived some limited although not fully satisfactory
support. Several years ago the 102 T/C polymorphism
was investigated in many genetic association studies
for a relationship with schizophrenia (meta-analysis
[20], and more recently [3]). These investigations
propose a borderline relationship between the 5HT2a-
R-gene 102 T/C polymorphism and schizophrenia with
the C allele increasing the risk; the functional 1438 A/G
polymorphism was detected later and received only
insufficient attention in diagnosis-driven genetic
association studies. Yet, a high prevalence of the 102 G
homozygous genotype among patients with schizo-
phrenia matches well with the underexpression of
5HT2a-R in vulnerable subjects as emerging from the
F-Altanserin binding study by Hurlemann et al. [5].

Conclusion

It becomes increasingly apparent that the genetic
architecture of schizophrenia is substantially more



complex than imagined. The phenomenological nat-
ure of the diagnostic concept might be a major con-
tributor to this constellation. Decomposition into
neurobiological traits and unravelling of the trait-
specific genetic determinants is likely to produce
more consistent results. We discuss this possibility by
focussing on PPI as the intermediate phenotype in
relation to the 5HT2a-R gene.

PPI deficits as well as reduced 5HT2a-R binding in
PET-studies both define vulnerability markers for
schizophrenia. A functional DNA-sequence variant in
the promoter region of the 5HT2a-R-gene modifies
gene expression; this variant is linked to another
polymorphism extensively studied in schizophrenia.
This constellation proposes the hypothesis that ge-
netic variations in the 5HT2a-gene have an impact on
the increased frequency of impaired PPI in schizo-
phrenia as well as on the reduced 5HT2a-R binding in
subjects at risk for schizophrenia.

This relationship between 5HT2a-R genetic poly-
morphisms and the PPI-intermediate phenotype car-
ries over to the diagnostic phenotype only in a diluted
manner. The statistical significance for the relation-
ship between this 5HT2a-R-risk allele and schizo-
phrenia reaches only borderline magnitude and
remains undetectable by hypothesis-free genome-
wide search strategies.
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