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Abstract

Background: Allelic association case-control analysis of
a deletion/insertion polymorphism in the serotonin
transporter-linked polymorphic region (5-HTTLPR) has
suggested associations with unipolar disorder, bipolar
disorder, depression, and Alzheimer's disease. Moreover,
the heterozygous long form of the 5-HTTLPR has been
associated with increased levels of mRNA for the seroto-
nin transporter (5-HTT) and increased serotonin uptake
in lymphoblastic cell lines. This study attempts to deter-
mine whether there is an association between 5-HTTLPR
genotype and schizophrenia or the binding of [3H]par-
oxetine to the human hippocampal 5-HTT.
Materials and Methods: DNA from the cerebellum

Introduction
Data from our studies on [3H]paroxetine binding
in brain tissue obtained at autopsy from schizo-
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from 58 schizophrenic and 62 control subjects was used
to genotype the 5-HTITLPR. In addition, the relationship
between 5-HTTLPR genotype and the affinity and den-
sity of [3H]paroxetine binding to the hippocampal 5-HTT
was assessed.
Results: There were no associations between 5-HTTLPR
allotype or genotype and/or the parameters of [3H]par-
oxetine binding to the hippocampal 5-HTT.
Conclusions: Our data suggest that 5-HTILPR genotype
neither confers an increased susceptibility for schizo-
phrenia nor dictates the expression of the 5-HTT in the
human hippocampus.

phrenic subjects have lead us to suggest that
there is a conformational change in the serotonin
transporter (5-HTT) in the hippocampus of sub-
jects with this illness (1,2). Moreover, twin and
adoption studies strongly suggest that genetic
factors are of major etiologic importance in
schizophrenia (3). These two factors would sug-
gest that the study of the 5-HTT gene could be
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particularly important in identifying possible ge-
netic factors involved in the etiology of schizo-
phrenia.

The 5-HTT is encoded by a single gene on
chromosome 17q1 1.1-q12, which is organized in
14 exons spanning -35 kb (4). Recently, a dele-
tion/insertion polymorphism in the 5-HTT-
linked polymorphic region (5-HTTLPR), -1 kb
upstream of the transcription initiation site in a
GC-rich region, has been identified (5). More-
over, studies of the 5-HTTLPR have suggested an
association between 5-HTTLPR genotype and
unipolar disorder and bipolar disorder (6) as well
as depression (7), anxiety disorders (8) and Alz-
heimer's disease (9). However, these associations
have been challenged in bipolar disorder (10, I 1)
and reported not to be present in schizophrenia
(10,12).

The effect of genotype for the 5-HTTLPR and
5-HTT expression has been examined in cell cul-
ture expression systems. These studies have
shown that the presence of the LL genotype is
associated with higher levels of 5-HTT mRNA
and an increased rate of serotonin uptake (5).
This suggests that the genotype for the 5-HTTLPR
could be a factor in controlling levels of 5-HTT in
the central nervous system.

The 5-HTT plays a critical role in modulating
the termination of serotonergic neurotransmis-
sion by the presynaptic neuron (1 3) and hence is
critical in maintaining the stability of serotoner-
gic neurotransmission. Moreover, abnormalities
in serotonergic neurotransmission have been im-
plicated in the pathogenesis of diverse psychiatric
disorders including schizophrenia (1,2), affective
disorders (14), and major depression (1 5). Given
our data showing changes in 5-HTT in brain tis-
sue from subjects with schizophrenia, we have
attempted to confirm the presence or absence of
an association between the genotype of the
5-HTTLPR and schizophrenia by studying DNA
isolated from human cerebellum. Importantly,
we have attempted to determine if there is an
association between the genotype for the 5-HT-
TLPR and levels of 5-HTT in the human brain, as
is suggested by studies using cell culture tech-
niques (5).

Materials and Methods
Materials
All oligonucleotide primers, polymerase chain
reaction (PCR) buffer, MgCl2, and deoxyribonu-
cleotides were purchased from Life Technologies;

Taq DNA polymerase was purchased from Bio-
tech International.

COLLECTION OF TISSUE AT AUTOPSY. With Ethics
Committee approval, cerebellum tissue was ob-
tained at autopsy from the left brain hemisphere
of 58 subjects who had a provisional diagnosis of
schizophrenia. Tissue was also obtained from the
same brain region from 62 subjects with no his-
tory of schizophrenia (controls). The tissue was
rapidly frozen and stored at -700C until re-
quired.

In all cases, the diagnosis of schizophrenia
was confirmed by a senior psychiatrist and psy-
chologist according to DSM-III-R criteria (16) af-
ter extensive case review (17). The control sub-
jects were matched for sex and closely matched
for age to the schizophrenic subjects. The major-
ity of deaths of subjects from whom tissue was
taken had been witnessed, and in these cases the
postmortem interval (PMI) was the interval be-
tween death and autopsy. Where death was not
witnessed, tissue was only collected if an individ-
ual had been seen alive within 5 hr of being
found dead. In these cases, the PMI was the
interval half-way between the individual being
last seen alive and being found dead, to autopsy.
All cadavers were refrigerated within 5 hr of
being found dead.

DNA Isolation and PCR Amplification
DNA was extracted from the cerebellum accord-
ing to standard procedures and stored at -20°C
until required. DNA fragments of 524 (L) or 484
bp (S) were generated from the 5-HTTLPR using
oligonucleotide primers corresponding to the fol-
lowing nucleotide positions:

-1,416 to -1,397 (strp5: 5'-GGCGTTGC-
CGCTCTGAATTGC)

-910 to -889 (strp3: 5'-GAGGGACTGA-
GCTGGACAACCCAC)

by PCR as described previously (5). Alleles for
the 5-HTTLPR were determined by the size of the
PCR products after they were resolved by elec-
trophoresis on 2% agarose gel.

[3H]paroxetine Binding to Particulate Membrane
The [3H]paroxetine binding parameters used in
this study were essentially as described in our
earlier studies (1,2). However, in this study,
these data were combined and additional sub-
jects added so that [3H]paroxetine binding data
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Table 1. Allotypic and genotypic frequency
distributions for 5-HTTLPR in DNA from
schizophrenic and control subjects

Schizo- Nonschizo-
phrenic phrenic

n % n %

Allotype L 52 45 67 54
S 64 55 57 46

Genotype L/L 1 1 19 19 31
L/S 30 52 29 47
S/S 17 29 14 22

were available on 38

41 control subjects.

schizophrenic subjects and

0.121, df = 1, p = 0.728 and x2 = 0.211, df = 1,
p = 0.646, respectively; see Table 1). In addition,
there was no difference in the proportion of in-
dividuals carrying any of the 5-HTTLPR geno-

types between schizophrenic and control sub-
jects (X2 = 2.31, 2 df, p = 0.315; see Table 1).

There were no differences in the density of
5-HTT as measured by [3H]paroxetine binding in
schizophrenic (F = 0.3127; df = 2, 35; p = 0.72)
or control subjects (F = 0.55; df = 2, 38; p =

0.58) categorized by 5-HTTLPR genotype
(Table 2). Differences in the Kd for paroxetine
binding between the schizophrenic subjects cat-
egorized by genotype approached statistical sig-
nificance (F = 3.195; df = 2, 35; p = 0.053)
which was not the case for the control (F = 0.24;
df = 2, 38; p = 0.78) subjects divided according
to genotype.

Statistical Analysis
The experimental allelic frequencies obtained in
this study were compared with predicted fre-
quencies as expected from Hardy-Weinberg
equilibrium using a x2 goodness-of-fit test. Fol-
lowing Sasieni (18), the association between
clinical status and the 5-HTTLPR was assessed by
a x2 test on genotypes rather than on the widely
used but potentially misleading test based on

allelic frequency (18). Statistically significant dif-
ferences in [3H]paroxetine binding between
schizophrenic and control subjects divided ac-

cording to 5-HTTLPR genotypes were assessed
using a one-way ANOVA.

Results
The 5-HTTLPR alleles were in equilibrium in
both the schizophrenic and control groups (X2 =

Discussion
This study does not provide data to support the
hypothesis that there is an association between
the 5-HTTLPR polymorphism and schizophrenia.
Thus, this study supports previous studies using
DNA isolated from peripheral tissue that sug-

gested that the 5-HTTLPR polymorphism is not a

major factor in conferring a genetic susceptibility
for schizophrenia (10,12).

Studies of the 5-HTT in lymphoblast cell lines
indicated that the presence of the LL 5-HTTLPR
was associated with increased levels of 5-HTT
mRNA and increased uptake of serotonin by the
5-HTT (5). By contrast, our study failed to show
an association between 5-HTTLPR genotype and
the density of [3H]paroxetine binding in the hip-
pocampus of schizophrenic or control subjects.
As the density of [3H]paroxetine binding is a

good measure of the density of 5-HTT, our data

Table 2. The parameters for [3H]paroxetine binding to the hippocampal 5-HTT in schizophrenic and
control subjects separated according to 5-HTTLPR genotype

Schizophrenic Nonschizophrenic

nl Kda Bmab nl Kd a B bn I(da g~~ ~ ~ ~~maxn d max

L/L 11 0.59 + 0.07 164 ± 20 13 0.25 ± 0.03 127 ± 19

L/S 16 0.42 0.05 153 ± 11 18 0.24 ± 0.02 144 ± 10

S/S 11 0.40 ± 0.05 146 ± 17 10 0.27 ± 0.03 150 + 17

a nM.
b fmol/mg protein.
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do not support the presence of a simple relation-
ship between the genotype for 5-HTTLPR and
levels of 5-HTT seen in the lymphoblast cell lines.
Moreover, there was no association between the
5-HTTLPR genotype and the increased affinity of
hippocampal [3H]paroxetine binding as we have
reported previously (1,2); again, this suggests
that the 5-HTTLPR does not contribute signifi-
cantly to this change in 5-HIT.

In summary, this study has failed to show
any associations between 5-HTTLPR genotype
and schizophrenia, the level of 5-HTT in the hu-
man hippocampus, or the change in affinity of
[3H]paroxetine binding to the 5-HTT in the hip-
pocampus from schizophrenic subjects. In addi-
tion, these data show that studies on the effects
of polymorphisms on end protein expression ob-
served in cell culture systems may not be readily
applicable to the intact central nervous system.
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