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Pituitary adenylate cyclase-activating polypeptide (PACAP, ADCYAP1: adenylate cyclase-
activating polypeptide 1), a neuropeptide with neurotransmission modulating activity, Is a
promising schizophrenia candidate gene. Here, we provide evidence that genetic variants of
the genes encoding PACAP and its receptor, PAC1, are associated with schizophrenia. We
studied the effects of the associated polymorphism in the PACAP gene on neurobiological
traits related to risk for schizophrenia. This allele of the PACAP gene, which Is overrepresented
in schizophrenia patients, was associated with reduced hippocampal volume and poorer
memory performance. Abnormal behaviors in PACAP knockout mice, including elevated
locomotor activity and deficits in prepulse inhibition of the startle response, were reversed by
treatment with an atypical antipsychotic, risperidone. These convergent data suggest that
alterations in PACAP signaling might contribute to the pathogenesis of schizophrenia.
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Introduction

Schizophrenia is a common neuropsychiatric disor-
der affecting 0.5-1% of the general population
worldwide. This disease is characterized by psycho-
sis and profound disturbances of cognition, emotion
and social functioning. The pathophysiology of
schizophrenia is still unclear; however, this disease
is highly heritable’ and several intermediate pheno-
types such as neurocognitive dysfunction, abnormal
brain morphology and deficits in prepulse inhibition
(PPI) of the startle response are known to be useful to
identify susceptibility genes for schizophrenia.?®
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The adenylate cyclase-activating polypeptide 1
(ADCYAP1) gene encodes pituitary adenylate cy-
clase-activating polypeptide (PACAP), a neuropep-
tide, which is a member of the vasoactive intestinal
peptide (VIP)/secretin/glucagon family. It exerts
multiple activities as a neurotransmitter or neuro-
modulator via three heptahelical G-protein-linked
receptors, one PACAP-specific (PAC1) receptor and
two receptors that are shared with VIP (VPAC1 and
VPAC2).** PACAP induces cyclic AMP accumulation
through activation of these receptors.*® We generated
mice lacking the PACAP gene (PACAP~’-); these mice
had profound behavioral abnormalities including
hyperactivity and explosive jumping in an open field,
increased novelty-seeking behavior and deficits in
PPL7® In addition, the PACAP gene is located on
18p11, which linkage studies have suggested as a
locus for schizophrenia and bipolar disorder.®
Although previous studies indicated that the PACAP
gene could be a good candidate gene for schizo-
phrenia, only one preliminary study has examined a
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possible association with schizophrenia and reported
negative results.”® Here, we present data demonstrat-
ing a possible association between PACAP-PAC1
signaling and schizophrenia, using a multidisciplin-
ary approach in both humans and rodents.

Materials and methods

Subjects

Subjects for the clinical association study were 804
patients with schizophrenia (51.1% males with a
mean age of 44.2 years (s.d. 14.5) and a mean age of
onset of 24.8 years (s.d. 8.8)) and 967 healthy controls
(47.7% males with a mean age of 40.4 years (s.d.
16.1)). All the subjects were biologically unrelated
Japanese. Three hundred and fifty-one patients with
schizophrenia and 518 controls were from Tokyo
Metropolitan (the east part of Japan), and 453 patients
with schizophrenia and 449 controls were from Aichi
prefecture (the central part of Japan). Patients were
recruited at the National Center Hospital of Mental,
Nervous, and Muscular Disorders; Nagoya University
Hospital; Showa University Hospital and hospitals
related to Department of Psychiatry, Nagoya Univer-
sity Graduate School of Medicine or Department of
Psychiatry, Showa University School of Medicine.
Healthy controls, including hospital and institutional
staff, were recruited from local advertisements in
Tokyo and Aichi. Magnetic resonance (MR) measure-
ments and neurocognitive tests were performed only
on some subjects (MR measurements: 81 patients with
schizophrenia and 201 healthy controls; neuracogni-
tive tests: .62 patients with schizophrenia and 139
healthy controls), all of whom were recruited at
National Center of Neurology and Psychiatry. Demo-
graphic information for the subjects receiving MR
measurements and neurocognitive tests is shown in
detail in Supplementary Table 1 and Figure 1b.
Consensus diagnosis was made for each patient by
at least two trained psychiatrists, according to the
Diagnostic and Statistical Manual of Mental Disor-
ders, fourth edition (DSM-IV) criteria, based on
clinical interview and other available information
including medical records and other research assess-
ments. No patient was diagnosed by medical records
alone. Controls were healthy volunteers who had no
current or past contact to psychiatric services. After a
description of the study, written informed consent
was obtained from every subject. The study protocol
was approved by institutional ethics committees.

Genetic analysis

Venous blood was drawn from subjects and genomic
DNA was extracted from whole blood according to
standard procedures. Seven single nucleotide poly-
morphisms (SNPs) in the PACAP gene and three SNPs
in the PAC1, VPAC1 and VPAC2 genes were geno-
typed using the TagMan 5'-exonuclease allelic dis-
crimination assay, as described previously.'**
Primers and probes for the detection of the SNPs are
available on request. Statistical analysis of genetic
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association studies was performed using SNPAlyse
{(DYNACOM, Yokohama, Japan). The presence of
Hardy—Weinberg equilibrium was examined by using
the x* test for goodness of fit. Allele distributions
between patients and controls were analyzed by the 2
test for independence. All P-values reported are two-
tailed. Statistical significance was defined as P<0.05.

Neuroimaging analysis

All MR studies were performed on a 1.5T Siemens
Magnetom Vision plus system (Siemens, Erlangen,
Germany). A three-dimensional velumetric acquisi-
tion of a T1-weighted gradient echo sequence pro-
duced a gapless series of 144 sagittal sections using
an MPRage sequence (TE/TR, 4.4/11.4 ms; flip angle,
15°; acquisition matrix, 256 x 256; 1NEX, field of
view, 31.5 cm; slice thickness, 1.23 mm).

Data were analyzed with Statistical Parametric
Mapping 2 (SPM2} running on MATLAB 6.5. MR
images were processed using optimized voxel-based
morphometry (VBM) in SPM2 as described in detail
previously.’®** Normalized segmented images were
modulated by multiplication with Jacobian determi-
nants of the spatial normalization to encode the
deformation field for each subject as tissue density
changes in normal space. Following modulation,
images were smoothed using a 12mm full-width
half-maximum of isotropic Gaussian kernel, because
previous studies had proved that this should be a
reasonable filter.?>!5:16 In addition, we confirmed that
the results of statistical analyses with three different
smoothing filters (6, 8 and 12 mm Gaussian kernels)
were essentially the same.

Statistical analyses were performed with SPM2,
which implemented a general linear model. A
hypothesis-driven regions of interest (ROIs) approach
was used to investigate the hippocampus, using an
ROI from the Wake Forest University PickAtlas.” Our
hypothesis is that the PACAP genotype related to the
risk of developing schizophrenia is associated with
hippocampal volume, because PACAP is associated
with hippocampal function in rodents, and hippo-
campal volume is reported to be reduced in schizo-
phrenia. The genotype and diagnostic effects on
hippocampal gray matter volume change were as-
sessed statistically using a single-subject condition
and covariate model with a significance level set to
0.05 (corrected for multiple comparisons within the
ROI). Age and gender were included in the model to
control for confounds. Anatomic localization was
according to both MNI coordinates and Talairach
coordinates, obtained from M. Brett’s transformations
(http://www.mrccbu.cam.ac.uk/Imaging/Common/
mnispace.shtml) and presented as Talairach coordi-
nates.

Neurocognitive tests

Several memory tests, subscales of the Wechsler
Memory Scale revised version (logical memory I,
logical memory II, visual reproduction I, visual
reproduction II, verbal paired associates I (VPAI),
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verbal paired associates II, visual paired associates I
and visual paired associates II) and the general
intelligence IQ (from full scale of the Wechsler Adult
Intelligence Scale, revised edition, WAIS-R), were
performed by some of the subjects recruited at
National Center of Neurology and Psychiatry. In
association analysis between SNP3 of the PACAP
gene and VPAI, group comparisons of demographic
data were performed by using unpaired t-tests or y? as
appropriate. There were no differences between
genotype groups and demographic variables, for
example, age, gender, education years and full-scale
IQ, except for gender distribution in patients with
schizophrenia (P=0.026) (Figure 1b). The effects of
the SNP3 genotype of the PACAP gene and diagnosis
on scores of memory tests were analyzed by a two-
way analysis of covariance (ANCOVA), with age,
gender and education years as covariates using SPSS
11.0] for Windows (SPSS Japan Inc., Tokyo, Japan).

T value

b Schizophrenia (n=62) Control (n=139)

AMA, MG GG AIA, NG GIG
Variables n=10) (n=51) (n=27) (n=112)
Age (SD) 39.1(10.5) 471137 610y 373(11L8)
Gender (M/F) arn sn? 13n4 3478
Fducation years (SD) 140 2.6) 12.8(3.3) 16.7(2.8) 16.5Q3.1)
Full scale (Q(SD) 86.2 (21.%) 8).8(18.8) 109.913.4) 1096(11.6)
VPAL (D) 1333.9) 9.0 (4.6)" 16.1 2.7 16.1 (2.3}

Figure 1 Genetic variation of PACAP is associated with
hippocampal morphology and memory in humans. (a)
Statistical maps of t-transformed hippocampal volume
differences derived by optimized VBM of individuals
homozygous for the G allele in SNP3 of the PACAP gene,
relative to A-carriers, in all subjects, thresholded at P<0.05
(corrected) in coronal, sagittal and axial views. These data
show bilateral significant hippocampal volume reduction in
individuals homozygous for the G allele. (b) Lower visual
associate memory I score in individuals homozygous for
the G allele in SNP3 of the PACAP gene, compared to
A-carriers, in the schizophrenia group. Means+s.d. are
shown. VPAI, visual paired associates . *P<0.05, compared
with A-carriers.
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When genotype effects on VPAI in controls or patients
with schizophrenia were examined separately, a
Mann—-Whitney U-test and ANCOVA with gender as
a covariate were used.

Animal study
All animal experiments were carried out in accor-
dance with protocols approved by the Animal
Research Committee of Osaka University and by
the Ethics Review Committee for Animal Experi-
mentation of the National Institute of Neuroscience.
Generation of PACAP~'~ mice by a gene targeting
technique has been reported previously.” The null
mutation was backcrossed onto the genetic back-
ground of Crlj:CD1 (Institute of Cancer Research) mice
purchased from Charles River {Tokyo, Japan). All
wild-type control mice and PACAP~'~ mice (homo-
zygous for the mutant PACAP gene) used in locomotor
activity and PPI experiments were obtained from the
intercross of heterozygous animals. C57BL/6] mice
were purchased from Charles River and were allowed
to acclimate in our animal facility for at least 5 days
before initiation of experiments. Mice were housed in
a temperature- (23+1°C) and light-controlled room
with a 12h light—dark cycle (lights on from 0800 to
2000) and allowed free access to water and food,
except during behavioral testing. :
Locomotor activity was quantified using an infrared
photocell beam detection system, Acti-Track (Panlab,
Barcelona, Spain). Following intraperitoneal injection
of risperidone (0.1 mg/kg) or an equivalent amount of
saline, mice were placed in plastic activity monitor-
ing boxes (30 x 30 x 30cm) and tracked for 60 min,
with data being stored permanently; parameters
indicative of locomotor activity, such as distance -
traveled, were assessed. Each mouse was tested
individually and had no contact with the other mice.
The PACAP mutant cohort used in locomotor activity
testing consisted of 12 wild-type mice and 12
PACAP~~ mice (n=6 each for saline control and
risperidone groups). _
Acoustic startle responses for PPI were measured in
a startle chamber (SR-LAB; San Diego Instruments,
CA, USA) as described.?® Mice were placed in the
startle chamber for 30 min after intraperitoneal injec-
tion of risperidone (0.1 mg/kg) or an equal amount of
saline. The testing session started with 5min of
acclimatization to the startle chamber in the presence
of 65 dB background broadband (white) noise. Testing
consisted of forty 120 dB pulses alone and 10 pulses
preceded (100 ms) by a prepulse of 66, 68, 71 or 77 dB.
Pulses were randomly presented with an average of
15s between pulses. Twelve no-stimulus trials were
included to assess spontaneous activity during test-
ing. PPI was calculated as a percentage score: PPI
(%} = (1—((startle response for pulse with prepulse}/
(startle response for pulse alone))) x 100. The PACAP
mutant cohort used in PPI testing consisted of 35
wild-type mice (saline control group = 22; risperidone
group=13) and 33 PACAP~'~ mice (saline control
group =17; risperidone group = 16).
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Male C57BL/6] mice weighing 20-25g received
once-daily injections intraperitoneally for 14 days
with phencyclidine (PCP) (5 mg/kg; n=13) or saline
for control (n=12). PACAP and PAC1 mRNA levels
were measured by a real-time quantitative RT-PCR
method {TagMan assay, Applied Biosystems, Tokyo,
Japan), using total RNA extracted from the frontal
cortex or hippocampus of mice treated with PCP or
saline, as described previously.*® Statistically signifi-
cant differences were assessed by the Mann-Whitney
U-test.

Results

Genetic analysis
We examined the possible association between schi-
zophrenia and genetic variations in the PACAP gene.
Seven SNPs in the PACAP gene, selected from public
databases, were genotyped, and the genotype dis-
tributions of all seven SNPs in the PACAP gene were
in Hardy-Weinberg equilibrium in both controls and
patients with schizophrenia (data not shown). The
allele frequencies of the seven SNPs in patients and
controls are shown in Table 1. The major allele of
SNP3 and the minor allele of SNP5 were in excess
in patients with schizophrenia when compared to
controls {SNP3: y*=7.6, P=0.0059, odds ratio=0.74,
95% confidence interval (CI) 0.59-0.92; SNP5:
y*=4.2, P=0.041, odds ratio=1.38, 95% CI 1.01-
.1.84), whereas no significant association of the other
five SNPs with schizophrenia was observed (Table 1).
SNP3 was significantly associated with schizophrenia
after Bonferroni correction (corrected P=0.041). We
next examined the possible association between
schizophrenia and genes encoding the receptors for
PACAP, such as the PAC1, VPAC1 and VPAC2
receptor genes. The genotype distributions of all three
SNPs in the PAC1, VPAC1 and VPAC2 genes were in
Hardy-Weinberg equilibrium in both controls and
patients with schizophrenia, except for that of SNP3
of the VPAC1 gene in controls (data not shown). The
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allele frequencies of the three SNPs in each receptor
gene in the patients and controls are shown in
Table 2. There was significant evidence for an asso-
ciation between a genetic variant of the PAC1 gene
and schizophrenia (SNP2: x*=6.0, P=0.014, odds
ratio=1.18, 95% CI 1.03-1.35, corrected P=0.042),
whereas none of the SNPs in the genes encoding
VPAC1 or VPAC2 was associated with schizophrenia
(Table 2). The evidence that the genes encoding
PACAP and its receptor PAC1 are associated with
schizophrenia suggests that signaling through PACAP
and PAC1 might be associated with the pathophysiol-
ogy of schizophrenia.

Intermediate phenotype

As the PACAP gene has been reported to play a role in
learning and memory and hippocampal long-term
potentiation in rodents,?*?' we next examined the
possible impact of SNP3 of the PACAP gene, which
was associated with schizophrenia, on hippocampal
volume in patients with schizophrenia and controls.
A genotype effect was found as bilateral reductions of
hippocampal volumes (right: P=0.04, t=3.2; left:
P=0.002, t=4.1) in homozygous G subjects compared
with A-carriers (Figure 1a). There was also a diag-
nostic effect, a significant reduction in left hippo-
campal volume in patients with schizophrenia
compared with controls (P=0.033, t=3.3). Geno-
type—diagnosis interaction effects on brain morpho-
logy were not found, even at a lenient threshold
(uncorrected P=0.05). We next estimated the effects
of genotypes on hippocampal volume in the control
groups and schizophrenic groups, separately. Schizo-
phrenic patients homozygous for the G allele showed
a significant reduction in bilateral hippocampal
volumes (right: P=0.013, t=3.5; left: P=0.005,
t=3.9). On the other hand, we found significantly
decreased volumes of the bilateral hippocampi in
homozygous G subjects compared with the A-carriers,
at a lenient threshold {uncorrected P=0.05) in
controls; however, no voxels could survive after the
correction for multiple comparisons. These data

Table 1 Allele frequencies of seven SNPs in the PACAP gene between the patients with schizophrenia and controls

SNP-ID dbSNP Distance  Major/minor  Location Number of Minor allele P-value Odds ratio
from  polymorphism subjects frequency (95% CI)
SNP1
Controls Patients Controls Patients
SNP1 rs2846584 — C/T 5'-region 967 804 0.362 0.373 0.54
SNP2 rs2231181 712 G/C 5-UTR 960 795 0.336 0.330 0.69
SNP3 rs1893154 1071 G/A Intron1 951 797 0.126 0.097 0.0059 0.74 (0.59-0.92)
SNP4 rs1893153 1149 T/A Intron1 953 793 0.174 0.163 0.37
SNPS rs2856966 3656 A/lG Exon3 (D54G) 953 786 0.047 0.063 0.041 1.38 (1.01-1.84)
SNP6 rs928978 4481 C/A Intron4 958 798 0.475 0.485 0.58
SNP7 rs1610037 6581 A/G 3'-region 962 794 0.216 0.211 0.73

Abbreviations: CI, confidence interval; PACAP, pituitary adenylate cyclase-activating polypeptide; SNPs, single nucleotide

polymorphisms.

Minor allele frequencies in controls are shown. Significant results (P <0.05) are indicated with underline.
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Table 2 Allele frequencies of SNPs in the PAC1, VPAC1 and VPAC2 gene between the patients with schizophrenia and controls

Gene  SNP-ID dbSNP Distance Major/minor Location Number of Minor allele P-value Odds ratio
name from  polymorphism subjects frequency (95% CI)
SNP1 -
Controls Patients Controls Patients
PAC1 SNP1 rs1468687 — T/C Intron2 950 796 0.287 " 0.264 0.12
SNP2 rs2302475 15553 Cc/IT Intron5 958 797 0.479 0.520 0.014 1.18 (1.03-1.35)
SNP3 rs2267742 34598 AlG Intron12 936 786 0.127 0.133 0.58
VPAC1 SNP1 rs735773 —_— C/G Intron1 937 784 0.357 0.38 0.16
SNP2 rs406360 12972 AlG Intron4 948 789 0.431 0.433 0.91
SNP3 rs3733055 22942 G/T Exon13 958 801 0.041 0.035 0.33
(R445L)
VPAC2 SNP1 rs885861 —_ C/T 3'-UTR 963 802 0.208 0.232 0.090 1.15 (0.98-1.36)
SNP2 rs3793224 55026 C/T Intron4 944 791 0.247 0.232 0.29
SNP3 rs3812312 109228 C/T Intron2 923 781 0.221 0.218 0.85

Abbreviations: CI, confidence interval; SNPs, single nucleotide polymorphisms.
Minor allele frequencies in controls are shown. Significant results (P<0.05) are indicated with underline.

suggest that SNP3 in the PACAP gene could have an
impact on hippocampal morpholagy.

As the human hippocampus is related to memory
function, we also examined the association between
SNP3 of the PACAP gene and several subscales of the
Wechsler memory scale revised version in patients
with schizophrenia and controls (Figure 1b). Two-
way ANCOVA on VPAI revealed significant effects of
diagnosis (F=33.8, P<0.0001) and genotype of SNP3
{F=5.2, P=0.024), and an interaction between diag-
nosis and genotype (F=6.6, P=0.011), whereas an
effect of genotype was not found in other memory
subscales (data not shown). Individuals homozygous
for the G allele of SNP3, which was enriched in
schizophrenia, had lower scores of VPAI than schizo-
phrenic patients carrying the A allele (Mann-Whit-
ney U-test: P=0.015); however, there was no
difference between the two genotypes in the control
group (P>0.8). ANCOVA with gender as a covariate
did not alter the statistical significance of these
results in patients with schizophrenia (P=0.029).
These data suggest that the risk SNP of the PACAP
gene could be associated with reduced hippocampal
volume and poorer memory performance, which are
neurobiological traits related to risk for schizophrenia.

Animal study

As our data indicate that PACAP might be associated
with schizophrenia, PACAP knockout mice (PACAP~/~
mice) could be a possible animal model for
schizophrenia. Several schizophrenia-related beha-
viors in rodents, such as hyperactivity, deficits in PPI,
locomotor response to antipsychotics, disturbance in
social interaction and cognitive deficits, have been
commonly observed in previous pharmacological and
genetic animal models for schizophrenia.** Therefore,
we examined the impact of an atypical antipsychotic,
risperidone, on hyperactivity and deficits in PPI in
PACAP-'~ mice. PACAP~- mice maintained high
initial levels of locomotor activity during the open
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field test (Figure 2a and b), as reported previously.”
When treated with risperidone, hyperlocomotion in

" PACAP~/~ mice was attenuated almost to the normal

levels seen in wild-type mice; however, treatment
with risperidone had no significant effect on loco-
motor activity in wild-type mice (Figure 2a and b).
Risperidone also reversed the diminished PPI in
PACAP~'~ mice® to the control level seen in wild-
type mice (Figure 2c). Risperidone had no significant
effect on PPI levels in wild-type mice (Figure 2c) and
startle amplitudes in both PACAP~'~ and wild-type
mice (data not shown). These results suggest that
the abnormal behaviors in PACAP~/~ mice, which
are believed to be schizophrenia-like phenotypes in
rodents, can be rescued by an atypical antipsychotic,
risperidone.

The abuse of PCP, an N-methyl-D-aspartic acid
receptor antagonist, results in positive symptoms,
negative symptoms and cognitive impairments, simi-
lar to those seen in patients with schizophrenia.
Thus, mice chronically treated with PCP have been
used as a potential animal model for schizophrenia.?
To assess a possible change in the expression of
PACAP and PAC1 receptor in the pathological state,
we performed mRNA expression analysis for PACAP
and PAC1 in the frontal cortex and hippocampus of
mice chronically treated with PCP. The expression
level of PACAP mRNA was significantly reduced in
the frontal cortex, but not in the hippocampus
(Supplementary Figure 1). On the other hand,
increased expression of PAC1 mRNA was observed
in both frontal cortex and hippocampus (Supple-
mentary Figure 1). Although the altered expression of
PACAP and PAC1 in mouse brains treated with PCP
was subtle, these data are considered to be in line
with the behavioral abnormalities in PACAP~'~ mice,
a possible animal model for schizophrenia.

These results using animal models $upport the
notion that PACAP is associated with the patho-
physiology of schizophrenia.
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Figure 2 Hyperlocomotion and deficits in the PPI of PACAP~/~ mice were normalized by risperidone treatment.
(a) Locomotor activity in wild-type and PACAP~'~ mice that received 0.1 mg/kg risperidone (RIS) or saline. n=6 per group.
(b) Representative locomotor patterns of saline- or 0.1 mg/kg risperidone-treated wild-type and PACAP~'~ mice during 25—
30 min of a 60 min recording in an open field test. (c) PPI levels induced by a 77 dB prepulse in wild-type and PACAP~"~
mice after pretreatment with risperidone (0.1mg/kg) or saline. Numbers of animals for experiments are shown in
parentheses. Data are given as means +s.e.m. *P<0.05, **P<0.01, ***P<0.001, compared to wild-type. "P<0.05, *"P<0.01,

compared with saline in PACAP~/~ mice.

Discussion

Our findings support the possibility that PACAP is a
potential schiZophrenia susceptibility gene. Clinical
association between schizophrenia and the genes
encoding PACAP and PAC1 and an association
between intermediate phenotypes, hippocampal vo-
lume and visual associate memory performance and a
risk SNP in the.PACAP gene have been demonstrated
in our study. There are several limitations in our
results. We screened control subjects with no past or
current visits to psychiatric services; however, we
could not exclude the possibility that they have an
undiagnosed or untreated psychiatric disorder. The
obtained evidence for association was not very strong,
especially in the association between the genotype
and visual associate memory performance (P<0.05
level). When we applied corrections for multiple
testing for several memory tests, this positive associa-
tion became negative. This association is not con-
clusive, although the association between the risk
allele for schizophrenia and poorer memory perfor-
mance might be attractive. Thus, replication studies
should be conducted to confirm our findings. We do
not know whether SNP3 alters the expression/func-
tion of the PACAP gene. Accordingly, there remains
the possibility that other polymorphisms, which are
in linkage disequilibrium to this polymorphism, are
truly responsible for giving susceptibility.

Studies aiming to identify susceptibility genes
for schizophrenia are faced with the confounds of
subjective clinical criteria and the likelihood of allelic
and locus heterogeneity. Although schizophrenia is
substantially heritable, the mode of inheritance is
complex, involving numerous genes of small effect
and a nontrivial environmental component. The
concept of intermediate phenotype (endophenotype)
assumes that neurobiological deficits occur across the
schizophrenia spectrum in schizophrenia patients,
schizotypal patients and clinically unaffected rela-
tives of schizophrenia patients. The intermediate
phenotype approach is an alternative method for
measuring phenotypic variation that may facilitate
the identification of susceptibility genes in the
context of complexly inherited traits. Using this
approach, we showed an association between the
PACAP gene and two intermediate phenotypes,
hippocampal veolume and visual associate memory,
in addition to the genetic association with schizo-
phrenia. Our study could be a successful example of
using this strategy to find susceptibility genes for
complex diseases.

The hyperactivity and deficits in PPI observed in
PACAP~'~ mice’*® are believed to be schizophrenia-
like behaviors in rodents. PAC1 knockout mice also
show abnormal behaviors, including elevated loco-
motor activity and abnormal social behavior.?#?® Our
genetic findings, which demonstrate an association
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between schizophrenia and two genes, PACAP and
PAC1, are supported by the abnormal behaviors in
knackout mice of PACAP and PAC1. Risperidone, an
atypical antipsychotic, has the advantage of better
extrapyramidal tolerability than conventional antipsy-
chotics, but also has advantages in cognitive distur-
bances and the treatment of negative and depressive
symptoms.?® Our previous study showed that haloper-
idol, a representative conventional antipsychotic,
rescued hyperactivity,” but did not rescue deficits in
PPL? As risperidone treatment rescued both of these
abnormalities in PACAP~'~ mice, and as risperidone is
a combined D2 and 5-HT,, receptor antagonist, either
dopamine or serotonin signaling, or both, could be
relevant to the abnormal behaviors in PACAP~'~ mice.

Our convergent evidence suggests that investiga-
tion of PACAP-PAC1 signaling in the brain could
provide a clue to elucidating the possible mechan-
isms of pathophysiology in schizophrenia.
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Abstract

The Hamilton Rating Scale for Depression (HAMD) is the de facto international gold standard for the assessment of depression.
There are some criticisms, however, especially with regard to its inter-rater reliability, due to the lack of standardized questions or
explicit scoring procedures. The GRID-HAMD was developed to provide standardized explicit scoring conventions and a
structured interview guide for administration and scoring of the HAMD. We developed the Japanese version of the GRID-HAMD
and examined its inter-rater reliability among experienced and inexperienced clinicians (n="70), how rater characteristics may affect
it, and how training can improve it in the course of a model training program using videotaped interviews. The results showed that
the inter-rater reliability of the GRID-HAMD total score was excellent to almost perfect and those of most individual items were
also satisfactory to excellent, both with experienced and inexperienced raters, and both before and after the training. With its
standardized definitions, questions and detailed scoring conventions, the GRID-HAMD appears to be the best achievable set of
interview guides for the HAMD and can provide a solid tool for highly reliable assessment of depression severity.
© 2006 Elsevier Ireland Ltd. All rights reserved.

Keywords: Depressive disorder; Psychiatric status rating scales; Mental status schedule; Reproducibility of results
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E-mail address: turukawa(@med.nagoya-cu.ac,jp (T.A. Furukawa). istration of the Hamilton Rating Scale for Depression

0165-1781/% - see tront matter © 2006 Elsevier Ireland Ltd. All rights reserved.
doi: 10.1016/j.psychres.2006.07.004

— 66—



62 H. Tabuse et al. / Psychiatry Research 153 (2007) 61-67

(HAMD) (Hamilton, 1960), the de facto international
standard for the assessment of depression (Furukawa
ctal.. 2005), within Japan and appointed a team headed by
Dr. Higuchi to develop a model training program in 2000.
In the course of these efforts, we leamed that a group of
researchers had met in the USA in 1999 and proposed to
establish a common set of standards for scoring and
administering the HAMD that would be acceptable to the
Food and Drug Administration and be used by phar-
maceutical, academic and clinical researchers. This pro-
posal led to the formation of the Depression Rating Scale
Standardization Team (DRSST), a group of individuals
representing clinicians, academia, government and the
pharmaceutical industry. The goal of this group was to
standardize the administration and scoring of the
HAMD without significantly altering the original intent
of Hamilton’s items or the scoring profile rather than to
develop a new instrument (Kalali et al., 2002; Bech ct al.,
2005).

The product of their efforts is the GRID-HAMD, which
has three components: the GRID scoring system, (scoring
intensity and frequency separately to obtain the severity
score), the manual of scoring conventions with detailed
anchor descriptions and more behavioral exemplars, and a
semi-structured interview guide. The DRSST clarified and
operationalized ambiguous anchor descriptions and incor-
porated the new definitions into the individual items. The
GRID-HAMD can be downloaded fiee of charge at the
International Society for CNS Drug Development home-
page (http://www.iscdd.org). Given the many versions of
the scale in use, the DRSST concluded that standardization
would improve the current scale and lay the groundwork
for development of a new scale.

The Japanese team felt that the GRID-HAMD would
set a new standard in depression rating and decided to
develop the Japanese training program around it. We
developed the Japanese version of the GRID-HAMD (see
Section 2) and then conducted 2 model training course for
the GRID-HAMD in March 2004. The primary purpose
of the study is to examine the inter-rater reliability of the
Japanese version of the GRID-HAMD among experi-
enced and inexperienced Japanese psychiatrists and
psychologists, how rater characteristics may affect it,
and how training can enhance it.

2. Methods
2.1. Participants
Psychiatrists (n=52), clinical psychologists (n=12)

and medical students (n=6) from three university medical
schools in Japan (Nagoya City University, Nagoya Uni-

versity and Fujita Health University) took part in a full
day training course for the newly developed Japanese
version of the GRID-HAMD. Of the 70 participants, 20
had no previous experience with any version of the
HAMD, whereas 17 had administered it between one and
five times and 33 had administered it six or more times.
However, only 16 of the last group had ever received
formal training in the administration of the instrument.
The mean (S.D.) of clinical experience was 6.3 (6.1) years
for the psychiatrists and 3.5 (3.0) years for the clinical
psychologists.

2.2. Instrument

The Japanese version of the GRID-HAMD was de-
veloped in collaboration with the DRSST. The original
English version of the GRID-HAMD was translated into
Japanese by TAF. A team of seven psychiatrists, all of
them experts in depression treatment and research,
checked the translation and amended it where necessary,
based upon the consensus of the team. Two research
assistants, both proficient in English and one with a
Bachelor’s degree in psychology, and both blind to the
original English version, then back-translated the Japa-
nese translation of the probe questions into English. AK
checked the backtranslation and pointed out possible
discrepancies, based upon which TAF retranslated the
questioned sentences into Japanese. This process was
repeated three times, until AK was able to ascertain
semantic equivalence between the original and back
translated versions. :

2.3. Procedure

We used three pairs of videotapes of pre- and post-
treatment administration of the HAMD. Two pairs used
simulated Japanese patients (one man and one woman)
and the other pair used a simulated English patient. The
Japanese man, woman and their interviewers were played
by professional actors and actresses, based on rough
scenarios but including a substantial amount of ad lib
interactions. The participants’ general impression was that
the patients were very well played and appeared natural,
but that the interviewers appeared rather stiff. The English
patient’s interviews had Japanese subtitles. Each inter-
view lasted between 15 and 40 min. The experts’
consensus total scores for the six videotapes were 26 for
the Japanese man pre-treatment, 10 post-treatment, 37 for
the Japanese woman pre-treatment, 19 post-treatment, 21
for the English woman pre-treatment and 0 post-
treatment. These videotapes were prepared independently
of and before our training workshop for the GRID-
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HAMD. The interviewers in these videotapes by and large
followed the conventions of the Structured Interview
Guide for the Hamilton Depression Rating Scale (SIGH-
D) (Williams. 198%), which sometimes did not probe
specifically enough into the frequency of the symptoms
during the last week.

The participants in the workshop used GRID-HAMD
to rate each interview. When the videotape failed to ask for
the frequency, the participants were instructed to assume
that the frequency was 50% of the time. This was the case
for items 2; 3. 7, 10, 11, 12, and 13 of the pre-treatment
videotape of the Japanese man, for items 2, 11, and 13 of
the post-treatment videotape of the Japanese man, for
items 2, 3, 6, 7. 10, 12, 13, and 15 of the pre-treatment
video of the Japanese woman, and for items 2, 5,7, 10, 12,
and 13 of the post-treatment video of the Japanese
woman. lnsother words, 24 out of the 68 items (35%)
required participants to rely on this rating convention.

Because the rating difficulty might differ between the
videotapes of the Japanese man and woman, the parti-
cipants were randomly divided into two groups, and each
group saw either the man’s videos or the woman’s videos
first. Therecwas no discussion immediately following the

Group 1 {n=33}

two videos. The videos therefore served as pre-training
and post-training assessments of the raters’ reliability.
After this pre-training assessment in the reliability of the
GRID-HAMD, their training began with a lecture on the
history of the Hamilton Rating Scale for Depression and a
general discussion of assessment in psychiatry. The
training of the GRID-HAMD formed the core of the
workshop and used the English woman’s videotapes.
After scoring each English woman’s videotapes, possible
discrepancies and questions were discussed among the
participants and the trainers. The three pairs of videotapes
were therefore presented during this 1-day course as
shown in Fig. I.

2.4. Analyses

The inter-rater reliability for each item of the GRID-
HAMD and for its total score was estimated by way of the
ANOVA intraclass correlation coefficient (ICC) (one-way
random effects model, single rater) of the SPSS (SPSS
Inc., 2002). Because of its intrinsic paradoxical character-
istic whereby we obtain low ICC despite high agreement
{Feinstein and Cicchetti, 1990), we did not calculate ICC

Group 2 (n=37)

Japancse man pre-treatment video rating

Japanese man post-treatment video rating

Japanese woman pre-treatment video rating

Japanese woman post-treatment video rating

!

}

Introductory lecture on Hamilton Rating Scale by NO

Introductory lecture on psychiatric assessment by TAF

Discussion of individual items in GRID-HAM-D

English woman pre-treatment video rating

Explanation ol expert rating lor the vidco and discussion among participants
English woman post-treaiment video rating

Explanation of expert rating for the video and discussion among participants

}

!

Japancse woman pre-treatment vidco rating

Japancse woman post-treatment video rating

Japancse man pre-treatment video rating

Japancse man post-treatment video rating

}

{

Wrap-up

Explanation of expert rating for the Japanese men and women videos

Fig. 1. Procedure of the model training program.

— 68 —



64 H. Tabuse et al. / Psychiatry Research 153 (2007) 61-67

when one rating predominated (= 0.90 of all the ratings)
for a particular item. It has been suggested that ICCs
between 0.61 and 0.80 are “substantial” and those greater
than 0.80 are “almost perfect” (Landis and Koch, 1977).
Because we were interested in the effects of experience
and training, we subgrouped our participants based on
their previous experience with the HAMD as follows.

Group A (n=20) No previous experience with the HAMD
Group B (n=17) Have administered the HAMD between
one and five times

Group C (n=17) Have administered the HAMD six or
more times, but have never had formal training
in its administration

Group D (n=16) Have administered the HAMD six or
more times, and have received formal training
in its administration.

To examine the influence of the rating convention of
assigning 50% frequency to such items as where the
nterviewer failed to ask for frequency in the videotape,
we ran a supplementary sensitivity analysis by comparing

Table 1
ANOVA ICC for each item and the total score of the GRID-HAMD for the four subgroups of phrticipants before and after training
Item Group A Group B Group C Group D
Before After Before After Before After Before After
traming training traming training training training training training
1 Depressed 0.83 0.89 0.78 0.84 091 0.84 0.84 092
mood (0.64-0.95) (0.76-0.97) (0.50-0.96) (0.61-0.97)  (0.74-0.98)  (0.62-0.97) (0.57-0.97) (0.55-0.99)
2 Guilt 0.69 0.60 041 0.71 0.67 0.59 0.70 0.58
(0.41-0.89) (0.30-0.86) (0.07-0.84)  (0.40-0.94) (0.34-0.93) (0.27-0.91) (0.34-0.94) (0.19-0.91)
3 Suicide 0.89 0.87 092 0.90 0.92 0.89 0.94 0.97
(0.75-0.97) (0.70-0.96) (0.79-0.99) (0.73-0.98)  (0.78-0.99)  (0.72-0.98) (0.83-0.99) (0.91-1.00)
4 Insomnia, early 0.90 0.90 1.00 1.00 0.72 0.85 0.86 1.00
(0.76-0.97) (0.77-0.97) (1.00-1.00) (1.00-1.60) (0.41-0.95) (0.63-097) (0.62-0.98) (1.00-1.00)
5  Insommia, . 0.78 0.75 0.66 0.79 0.78 0.70 0.87 0.78
middle (0.55-0.93) (0.50-0.92) (0.32-0.93) (0.51-0.96) (0.50-0.96) (0.39-0.94) (0.64-0.98) (0.47-0.96)
6  Insonmia, late 0.86 0.93 0.91 0.97 0.87 0.95 0.92 0.96
(0.69-0.96) (0.83-0.98) (0.74-0.98) (0.91-1.00) (0.66-0.98) (0.86-0.99) (0.77-0.99) (0.8-0.99)
7  Work and 0.63 0.69 0.70 0.72 0.73 0.75 0.73 0.71
activities (0.34-0.87) (042-0.90) (0.37-0.94) (0.40-0.94) (0.42-095) (0.47-095) (0.39-0.95) (0.35-0.94)
8  Psychomotor 0.67 0.80 0.67 0.78 0.85 0.83 0.59 0.61
retardation (0.39-0.89) (0.68-0.94) (0.34-0.93) (0.50-0.96) (0.63-0.97) (0.61-097) (0.20-0.91) (0.22-0.92)
9  Psychomotor na na =0.05 -0.05 0.13 na na 0.00
agitation (—0.18-043) (-0.18-0.43) (-0.10-0.67) (—0.21-0.57)
10 Anxiety, psychic 0.75 0.38 0.64 0.75 0.73 0.74 0.82 0.96
(0.50-0.92) (0.08-0.74) (0.30-0.92) (0.45-0.95) (0.41-0.95) (0.45-095) (0.54-0.97) (0.88-0.99)
11 Anxiety, somatic  0.88 0.82 0.80 0.87 0.89 0.86 0.93 0.89
(0.73-0.96) (0.61-0.94) (0.53-0.96) (0.66-0.98) (0.70-0.98) (0.65-0.97) (0.80-0.99) (0.69-0.98)
12 Loss of appetite 0.87 0.91 0.89 095 0.88 0.82 091 0.87
: (0.72-096) (0.78-0.97) (0.71-0.98)  (0.84-0.99)  (0.69-098) (0.58-0.97) (0.74-0.99) (0.64-0.98)
13 Somatic 0.53 0.50 0.64 048 0.57 0.36 0.63 044
symptoms, general (0.21-0.82) (0.20-0.81) (0.30-0.93) (0.13-0.87)  (0.21-0.90)  (0.07-0.81) (0.25-0.93) (0.05-0.86)
14  Sexual interest na na na na na na na na
15 Hypochondriasis  0.60 0.62 0.53 0.73 0.69 0.83 0.85 0.73
(0.30-0.86) (0.33-0.87) (0.18-0.89) (0.42-0.95) (0.37-0.94) (0.60-0.97) (0.59-0.97) (0.39-0.95)
16 Loss of weight 0.63 0.65 0.64 0.79 0.71 0.84 0.77 0.71
(0.34-0.87) (0.36-0.88) (0.30-0.92) (0.51-0.96) (0.39-0.94) (0.73-0.98) (0.46-0.96) (0.35-0.94)
17 Loss of insight na na na na 0.03 na na na
(—0.15-0.55)
Total 095 0.95 0.93 095 0.97 0.95 0.97 0.99
(0.87-0.98) (0.87-0.91) (0.82-0.99) (0.86-0.99) (0.91-1.00) (0.85-0.99) (0.90-1.00) (0.96—1.00)

Figures in parentheses indicate the 95% confidence intervals.
na = not applicable due to too little variation because the particular score predominated and more than 90% of the obtained ratings were the same.
Group A (n=20): No previous experience with the HAMD.
Group B (n=17). Have administered the HAMD between one to five times.
Group C (n=17): Have administered the HAMD six or more times, but have never had formal training in its administration.
Group D (n=16): Have administered the HAMD six or more times, and have received formal training in its administration.
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the average ANOVA ICCs between items for which the
interviewers did not ask about frequency in more than half
of the videotapes (items 2, 7, 10, 12, and 13) and those for
which the interviewers asked (items 1, 4, 5, 6, and 15).

3. Results

Tablc 1 shows the ANOVA ICCs and their 95% con-
fidence intervals for each item and the total score of the
GRID-HAMD as applied to the Japanese man and wom-
an’s videotapes, for Groups A through D, both before and
after training with lectures and practice with the English
woman’s videotapes. Excluding items 9, 14, and 17
(Psychomotor agitation, Sexual interest, and Loss of
insight), which showed too little vanation among raters to
calculate meaningful chance-corrected agreement coeffi-
cients, and item 13 (Somatic symptoms, general), which
often had ANOVA ICCs below 0.60, the inter-rater
reliability of individual items was already largely in the
substantial to excellent range before the training and did
not show much increase after the training. Thus the
respective averages of the ANOVA ICCs for individual
items were 0.75 and 0.74 for Group A before and after
training, 0.73 and 0.81 for Group B, 0.78 and 0.79 for
Group C, and 0.81 and 0.79 for Group D. The ANOVA
ICCs for the total score were almost perfect for all groups
both before and after the training (range: 0.93 t0 0.99). The
average ICC for the items where the interviewers asked for
frequency was 0.83 (range: 0.70 to 0.92) and that for the
items where they failed to ask and where therefore the
subjects were instructed to assume 50% frequency was
0.69 (range: 0.52 to 0.89).

4. Discussion

Our results suggest that when we relied on the GRID-
HAMD scoring conventions, the inter-rater reliability of
the total score was excellent to almost perfect and that
satisfactory inter-rater reliability for individual items
was also achievable, even with inexperienced raters and
even without training. These findings are at variance with
some previous studies on inter-rater reliability for HAMD
items, which often reported poor reliability at the
individual item levels. Cicchetti and Prusoff (1983)
assessed reliability before treatment initiation and
16 weeks later at trial end. Before treatment, only one
item was sufficiently reliable and 13 items had coeffi-
cients below 0.50. After treatment, again only one item
was sufficiently reliable and 11 items had coefficients
below 0.50. Craig et al. (1985) also found that only one
item had adequate inter-rater reliability. On the other
hand, Moberg et al. (2001) reported that nine items

showed adequate reliability when the standard HAMD
depression scale was administered, but all items showed
adequate reliability when the scale was administered with
the SIGH-D interview guidelines of Williams (1988). Our
findings appear to extend theirs. Narita ct al. (2002)
pointed out specific weaknesses/ambiguities in the rating
instructions in the SIGH-D, especially with regard to
items for middle insomnia, somatic anxiety, loss of
weight, depersonalization/derealization, and loss of in-
sight; all of these are well anchored in the GRID-HAMD.

On the other hand, our results suggested that inter-rater
reliability for general somatic symptoms may be low.
However, we suspect that this was due to the difference in
emphasis between SIGH-D item 13 and GRID-HAMD
item 13, the former following the traditional HAM-D
interpretation and focusing on heaviness and aches and
the latter emphasizing fatigue and anergia in accordance
with DSM-IV criterion symptoms.

With regard to the total score of the HAMD, most of
the previous studies reported substantial to satisfactory
inter-rater reliability, with ICCs ranging from 0.46 to
0.99 (Bagby et al.. 2004). Some investigators provided
evidence that the skill level or expertise of the inter-
viewer and the provision of structured queries and
scoring guidelines affect reliability (O’Hara and Rehm,
1983; Hooxjer et al.. 1991). Our findings suggest that
with the use of explicit scoring conventions as outlined
in the GRID-HAMD, even inexperienced raters can
achieve satisfactory inter-rater reliability. We failed to
show a significant effect of expertise or training, possibly
because of the ceiling effect of these already high
baseline reliability coefficients, although the raw scores
do hint at even higher reliability coefficients after
training and for more experienced users.

Weaknesses of the present study may be as follows:
Firstly, the present study is based on videotaped inter-
views with simulated patients. Although the actor and
actress played their roles naturally, with much ad lib
interaction, the generalizability of the present findings to
bona fide patients cannot be taken for granted and warrant
another study. However, it should be pointed out that
experienced physicians have been reported to be unable to
differentiate standardized patients from real patients when
they were sent unannounced into a physician’s office,
even when the physician was told in advance that this
would be occurring (Kobak et al., 2003). The videotaped
reliability study with simulated patients may also have
inflated reliability estimates in comparison with test—
retest design with real patients, which would more
accurately reproduce clinical realities. Secondly, we
used videotapes that had been made prior to and
independently of our workshop for the GRID-HAMD.
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The interviewers in the videotapes therefore did not abide
by the GRID-HAMD conventions but roughly followed
the SIGH-D questions. They therefore did not probe
specifically enough about the frequency of some symp-
toms. The rating convention of assigning a 50% fre-
quency to such items may have inflated the reliability
estimates, but our sensitivity analysis did not support this
possibility. Had the interviewers in the videotapes fol-
lowed the GRID-HAMD interview guides, it is safe to
assume that reliability could have been even higher.
Thirdly, the videotaped interviews in the present study
were such that there was little variation for three out of 17
items of the GRID-HAMD. We could therefore not as-
certain satisfactory reliability for these items. In future
studies we need to prepare videotapes that allow more
variation in ratings for these items. Fourthly, although the
ICCs did not change materially before and after the
training, it must be pointed out that the present findings do
not obviate the need for clinical expertise in depression
assessment, as almost all the participants had substantial
clinical experience already. In order to assure satisfactory
rater performance, the raters’ ability to conduct assess-
ments on real patients is important in itself, in addition to
the reliability of the instrument (Lipsitz et al., 2004).
Lastly, the present study was conducted in Japanese with
the Japanese version of the GRID-HAMD. The Japanese
version was developed in strict adherence to the estab-
lished back-translation procedure to ensure its linguistic
equivalence with the English original, and we believe the
present findings can be replicated with the original
version as well, as it is thanks to the well-structured,
adequately explained nature of the GRID-HAMD and not
to any particularities of its Japanese version that we could
achieve satisfactory reliability. Strictly speaking, howev-
er, the cross-cultural generalizability of the present
findings must await independent replication studies in
English and other languages and cultures.

Recently, a comprehensive review of the HAMD by
Bagby et al. (2004, 2005) concurred that the GRID-
HAMD is a major improvement over the previous
versions in developing clear structured interview prompts
and scoring guidelines, and in standardizing the scoring
system. However, the retention of “loss of insight” that
makes neither a conceptual nor an empirical contribution
to the severity of depression or the lack of such DSM-IV
criterion symptoms as “loss of concentration” remain
major difficulties with the GRID-HAMD. Also the report
from a 2002 National Institute of Health sponsored
conference in the US on the assessment of depression and
anxiety in clinical trials recommended the GRID-HAMD
as the optimal way to administer the HAMD. A recent
National Institutes of Health sponsored conference on

assessment of suicidality also recommended the GRID-
HAMD as the preferred version of the HAMD for asses-
sing suicidality.

We feel that the GRID-HAMD is the best achievable
set of semi-structured guides for the HAMD, the de facto
standard in depression rating for over four decades, and
this fact was corroborated in the present study by its robust
reliability findings. In conclusion, the GRID-HAMD
appears to provide a solid tool for highly reliable assess-
ment of depression severity for both experienced and
inexperienced mental health professionals.
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Abstract

AKT! (V-akt murine thyoma viral oncogene homolog 1) is involved in intracellular signalling pathways postulated as of
aetiological importance in schizophrenia. Markers in the AKT/ gene have also recently been associated with schizophrenia in two
samples of European origin and in Japanese and Iranjan samples. Aiming to replicate these findings, we examined ten SNPs
spanning AKT/ in a UK case-control sample (schizophrenia cases n=673, controls n=716). These included all SNPs previously
reported to be associated in European, Japanese and Iranian samples, alone or in haplotypes, as well as additional markers defined
by the Haploview Tagger program (pair-wise tagging, minimum r°=0.8, minor allele frequency=0.02). We found no association
with single markers (min p=0.17). We found weak evidence for association (p=0.04) with a four marker haplotype reported as
significant in the original positive European sample of Emamian et al. {Emamian, E.S., Hall, D., Bimbaum, M.J., Karayiorgou, M.,
Gogos, J.A., 2004. Convergent evidence for impaired AKT1-GSK3beta signaling in schizophrenia. Nat. Genet. 36, 131-137] and
also an overlapping three marker haplotype (p=0.016) that had previously been reported as significant in a Japanese sample.
Nominal p-values for these haplotypes did not survive correction for multiple testing. Our study provides at best weak support for
the hypothesis that AKTY is a susceptibility gene for schizophrenia. Examination of our own data and those of other groups leads us
to conclude that overall, the evidence for association of AKT/ as a susceptibility gene for schizophrenia is weakly positive, but not
yet convincing.
© 2007 Elsevier B.V. All rights reserved.

Keywords: AKT]; Schizophrenia; Association; Candidate gene

1. Introduction of schizophrenia. In pursuit of this hypothesis, they
examined the abundance of seven protein kinases in

Emamian et al. (2004) proposed that alterations in lymphoblast cell lines. Reduced AKT1 expression was
brain protein kinase activity contribute to the actiology found in cell lines derived from schizophrenic patients
compared to controls, a finding subsequently con-

firmed in post-mortem frontal cortex and hippocampus.

* Corresponding author. Tel.: +44 2920744212; fax: +44 2020746554, Moreover, they also found reduced phosphorylation of
E-mail address: nortonn(gicf.ac.uk (N. Norton). GSKpP3, a substrate of AKT1. These data provide a

0920-9964/$ - see front matter © 2007 Elsevier B.V. All rights reserved.
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plausible case that AKTI might be involved in the
pathophysiology of schizophrenia, a hypothesis whose
aetiological relevance they explored by genetic associ-
ation using S SNPs spanning the gene (see Tables 1 -3 for
SNP nomenclature) in 268 US families of North
European origin containing one or more individuals
with schizophrenia. The initial evidence for association
was weak but one marker, (SNP3), yielded evidence for
association {(p=0.05, uncorrected) as did a number of
haplotypes (minimum p=0.04, corrected) each of which
shared alleles T and C at SNPs 2 and 3 (Emamian et al.,
2004), (referenced hereafter as the core haplotype). The
core haplotype was also associated with reduced AKT1
protein expression in 20 control lymphoblast cell lines.
Follow-up studies in three independent Japanese sam-
ples gave mixed results. Two studies consisted of over
500 cases and over 400 controls. The first (Ohtsuki et al..
2004) found no association (allelic or haplotypic) while
the second (lkeda et al., 2004) reported weak evidence
for association with a different variant and different
haplotype to that of Emamian et al. (2004) (Table 2), with
allele C of the core being carried in haplotypes that were
both over and underrepresented in cases. A third study in
a Japanese sample of 124 families found no association
(allelic or haplotypic) (Ide et al.. 2006). Schwab et al.
(2005) found significant association with 3 of 7 SNPs
tested in AKT/ in 79 sib pair families of German origin.
The associated SNPs included SNP3, p=0.027, which

was nominally significant in the Emamian study as well
as two other SNPs, with the strongest result (SNP2a,
rs10149779, p= 0.002) remaining significant after
correction for multiple testing (p=0.014). The most
significant haplotype from the Emamian study (SNP2/
SNP3/SNP4, TCG, Table 2) was also significantly over-
represented in cases as was the TTA haplotype (formed
by the same SNPs), which had been under-transmitted to
cases in the study of Emamian et al. (2004) and which
does not carry the core TC haplotype. Several other
haplotypes created by various permutations of markers
were also significantly over-transmitted with illness,
with the strongest evidence coming from a haplotype
derived from SNP1/SNP2a/SNP3 (p=0.0013 corrected
for multiple testing), Table 2. For all haplotypes in which
SNP2 was included, the over-transmitted haplotype
carried Emamian’s core T allele at SNP2 but the finding
of the earlier study was not precisely recapitulated since
haplotypes camrying either C or T at core SNP3 were
significantly over-transmitted.

Further studies have been less supportive (Bajestan
etal., 2006; Liu et al., 2006). The 5 SNPs genotyped by
Emamian et al. (2004) were genotyped in 218 families
from Taiwan (Liu et al., 2006) with no significant as-
sociation from either single markers or haplotypes. The
same SNPs were also typed in an Iranian case control
sample, (schizophrenia cases n=321, controls n=383)
(Bajestan et al., 2006). Again, neither the SNPs nor the

Table 1

Results: single markers

SNP ID Dist to next Base change Sample sized Allele 1 count Allele 2 count p-value

SNP (bp) allele 1/2 (freq) (freq) (1df)

rs3803300 (SNP1) 4816 G/A Case (N=660) 1194 (0.90) 126 (0.10) 0.40
Control (N=707) 1292 (0.91) 122 (0.09)

152498784 (SNP1a) 5229 T/IC Case (N=658) 102 (0.08) 1214 (0.92) 0.93
Control (N=712) 109 (0.08) 1315 (0.92)

rs1130214 (SNP2) 8648 T/G Case (N=586) 361 (0.31) 811 (0.69) 0.73
Control (N=660) 415 (0.31) 905 (0.69)

rs10149779 (SNP2a) 4400 AIG Case (N=658) 398 (0.30) 918 (0.70) 0.69
Control (N=711) 440 (0.31) 982 (0.69)

152494738 279 A/G Case (N=662) 109 (0.08) 1215 (0.92) 0.68
Control (N=705) 110 (0.08) 1300 (0.92)

rs3730358 (SNP3) 6513 Crr Case (N=608) 1043 (0.86) 173 (0.14) 0.30
Control (N=679) 1145 (0.84) 213 (0.16)

152498799 (SNP4) 702 G/A Case (N=592) 918 (0.78) 266 (0.22) 0.17
Control (N=659) 991 (0.75) 327 (0.25)

12494732 (SNP5) 46 T/C Case (N=588) 652 (0.55) 524 (0.45) 0.80
Control (N=663) 742 (0.56) 584 (0.44)

rs3803304 6051 C/G Case (N=653) 327 (0.25) 979 (0.75) 0.56
Control (N=707) 368 (0.26) 1046 (0.74)

152498804 (SNP A) - G/T Case (N=660) 911 (0.69) 409 (0.31) 0.46
Control {(N=709) 960 (0.68) 458 (0.32)

Allele counts, frequencies and p-values across AKT/ locus. SNP ID includes both rs no. and ID used in Emamian et al. (2004 ), Ikeda ct al. (2004) and

Schwab et al. (2005).
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Table 2
Comparison of associated haplotypes
Study Population . 2 - 2 w4 4 2 sCZ CON Pvalue

o 2 £ = L0009 P

E £ S & = E & 8

g 22 5 3 S 3 5 £

g 2 = £ 2 & & 3 2 E

$ 52 f53 22 3 %

- &= p E ¥ v & 4 T Z
Emamian et al. Us T ¢ ¢ - 0.15 0.0006
Schwab ct al, German T ¢t G 0.17 0.10 0023
This study UK T C G 0.19 0.17 037
Schwab et al. German aG* T ¢ 0.17 0.09 0.0013
This study UK G T C 0.18 0.16 0.51
Emamian et al. us T ¢ @& 6 - - 0.004
This study UK T e & 6 0.13 0.10 0.04
Schwab et al. German T C G G 0.10 0.07 o.11°
Ikeda et al. Japanese T C G G 0.02 0.01 0.182
Tkeda et al. Japanese ¢ & ¢ 0.32 0.27 0.014
This study UK N ¢ 6 6 022 0.17 0.016
Bajestan ct al. Iranian A G ¢ A @ 0.07 0.03 0.004
This study UK A G C A G 0.05 0.05 0.73
This study UK A ¢ & 0.04 0.02 0.006
Tkeda et al. Japanese (a: N ¢ Y | 0.17 0.24 0.0001
This study UK C G A 0.55 0.56 0.55

Comparison of the most significant p-values from current studies reporting positive association with AK7/ and schizophrenia. Significant

haplotypes are marked in grey.
*Personal communications, *Ancestral allele in NCBI entrez SNP.

haplotypes from the Emamian study were associated.
However, a novel five marker haplotype comprised of
SNPs1-5, showed some evidence for association (global
p=0.05 uncorrected) with haplotype AGCAG being
more frequent in cases compared to controls (uncorrec-
ted p=0.004, Bonferroni corrected, p=0.03, case freq
0.068, control freq 0.034). Given the diverse range of
ethnicities studied so far, lack of consistency of the
patterns of association between studies is potentially
explicable in terms of population differences in LD and

Table 3
LD data for control sample

modest power to detect weak genetic effects. Moreover,
in the light of partial replication of the original findings
at the level of a specific haplotype in the only other
European origin sample so far reported, AK71/ is clearly
worth further investigation in other samples of broadly
similar ethnicity.

We set out to investigate AKT/ in schizophrenia
using a moderately large UK based case control sample
under the following strategies. We genotyped SNPs 1-5
from Emamian ct al. (2004), and additional markers

rs3803300 rs2498784 rs1130214 1510149779 152494738 133730358 rs2498799 152494732 r1s3803304 rs2498804

(SNP1) (SNPla) (SNP2) (SNP2a) (SNP3) (SNP4) (SNP5) (SNPA)

rs3803300 (SNP1) x 0.86 0.0t 0.01 0.46 0.01 0.11 0.07 0.00 0.12
rs2498784 (SNPla) 098 X 0.02 0.02 0.38 0.00 0.11 0.06 0.00 0.10
rs1130214 (SNP2) 036 0.78 X 0.95 0.00 0.25 0.06 0.21 0.11 0.06
rs10149779 (SNP2a) 041 0.81 099 X 0.01 0.26 0.06 0.20 0.12 0.07
rs2494738 0.71 0.62 0.30 0.36 0.02 0.12 0.09 0.00 0.16
rs3730358 (SNP3)  0.63 0.55 0.80 0.80 X 0.40 0.22 0.49 0.37
rs2498799 (SNP4)  0.63 0.70 0.29 0.30 0.71 0.85 X 0.43 0.40 0.69
152494732 (SNP5)  0.77 0.79 0.60 0.59 0.92 0.98 1 X 0.44 0.59
13803304 0.05 0.18 037 0.38 0.14 0.96 0.65 1 X 0.69
rs2498804 (SNPA)  0.79 0.76 0.25 0.27 0.95 0.96 0.99 1 0.97 X

LD data for control sample. D’ is below diagonal and # is above diagonal.
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reported by others, SNPla, SNP2a, (Schwab et al.,
2005) and SNPA (lkeda et al., 2004). We specifically
tested all significant associated haplotypes reported by
IEmamian et al. (2004), (n=7), lkeda et al. (2004),
(n=9). Schwab et al. (2005), (n=23) and the Iranian 5
marker haplotype (Bajestan et al., 2006), (a total of 30
tests), although our primary hypothesis concemed the
European origin haplotypes (n=28). Additionally, we
derived tagged SNPs across the AKT/ locus after
genotyping all the above markers in the CEU panel
used by the HapMap project and combining those data
with all additional markers available in the HapMap
(version 1.65) and performed two and three marker
haplotype analyses for all marker combinations,

2. Materials and methods
2.1. Subjects

All case-control subjects used in this study were
unrelated Caucasians born in the UK or Ireland. All
cases met DSM-IV criteria for schizophrenia. Consen-
sus diagnoses were made by two raters from all avail-
able information following a semi-structured interview,
SCAN or PSE (Wing et al., 1974, 1990), and exami-
nation of case notes. The cases consisted of 456 males
and 217 females, average age at collection 44.5 years
+14.6, whilst the controls consisted of 482 males and
234 females, average age at collection 41.5 years £11.5
years. Control individuals were group matched to cases
for age. sex, and ethnicity from more than 1400 blood
donors recruited from the National Blood Transfusion
Service. Individuals on medication are not allowed to
donate blood in the UK nor are they remunerated even
for expenses. Thus unlike in some countries, donating
blood in the UK is entirely an altruistic process that
does not tend to enrich for indigents, or people with
substance abuse or psychosis. Donors were not
screened for the absence of psychiatric illness, as this
does not affect the power when a disease has the pop-
ulation prevalence of schizophrenia (Owen et al.. 1997).
Multicentre and Local Research Ethics Committee
approval was obtained, and all subjects, both cases
and controls, gave written informed consent to par-
ticipate. We previously found no evidence for popula-
tion stratification within the samples based on the
distribution of p-values obtained from genotyping
pooled samples for >300 SNPs (Williams et al.,
20052a). We also tested for evidence of substructure in
approximately one-third of our sample with STRUC-
TURE (Pritchard et al., 2000) by using 97 SNPs
scattered across the genome and 1000 SNPs targeted to

regions on chromosomes 10 and 22 (Gcorgieva et al.,
2006).

Sample power was estimated to be 80% for the “core
TC haplotype” given our observed frequency, an OR of
1.3, alpha=0.05 and 79% for the associated TCG
haplotype in Table 2, under the same parameters. For
rs3730358 (associated in both Emamian et al., 2004 and
Schwab et al.. 2005), we estimated power to be 73%
given an OR of 1.3, alpha=0.05.

2.2. SNP selection

We initially selected for genotyping, SNPs 1-5 from
Emamian et al. (2004), (rs3803300, rs1130214, rs3730358,
152498799, 152494732 respectively), two additional SNPs
from Schwab et al. (2005), (rs2498784 and rs10149779,
SNPla and SNP2a respectively), and 1 additional SNP
from Ikeda et al. (2004), (rs2498804, SNPA), in order to be
able to test the specific marker and haplotype hypotheses
generated by those studies. All SNPs were optimised on
the same CEPH DNA samples used in the intemational
HapMap project for purposes of both error checking
(all genotypes were checked against HapMap data for
concordance) and also for tag SNP selection. We used our
CEPH data and all other available CEPH data from
the HapMap release 16C.1 June 2005 (Generic genome
browser version 1.65) across the AKT] locus from UCSC
May2004 chr14:104304140-104341530 (including 8.4 kb
sequence upstream and 2.6 kb sequence downstream of
AKTI) and performed pairwise analysis with TAGGER as
implemented in Haploview (Barrett et al., 2005) using
settings #*>0.8, minimum MAF 2%. This suggested as
additional tagging SNPs rs2494738 and rs3803304,
none of which have been genotyped in previous 4AKT]
association studies (Emamian et al.. 2004; Ohtsuki et al.,
2004; Tkeda et al., 2004; Schwab et al., 2005; Liu et al.,
2006; Bajestan et al., 2006; Ide et al., 2006).

2.3. Genotyping

8/10 SNPs were genotyped using the Sequenom
MassARRAY™ gystem as per the manufacturer’s in-
structions with either hME or iplex chemistries. SNPs la
and 2a were genotyped with allele-specific PCR using
the Amplifluor system (Myakishev et al., 2001; Haw-
skins et al., 2002).

Assay design and PCR conditions are available on
request. All assays used to type the full association
sample were optimised initially by genotyping DNA
from 30 CEPH parent—offspring trios from 21 families
(Utah residents with ancestry from northern and western
Europe), as detailed in the international HapMap project
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(The International HapMap Consortium. 2005). We re-
genotyped 46 of these samples along with the case
control sample to provide a measure of genotyping
accuracy. All genotypes were called blind to sample
identity and affected status.

2.4. Statistical analysis

Tests of genotypic and allelic association were
performed using contingency tables. Haplotype analy-
ses were performed using the EM algorithm and a
permutation test as implemented in program EH plus
(Zhao et al., 2000) for global significance. Association
of specific haplotypes was estimated with Cocaphase
(Dudbridge, 2003). LD values were calculated using the
ldmax program within the GOLD software (Abecasis
and Cookson. 2000).

3. Results

Genotype data for SNP2, rs2494738, rs3803304 and
SNPA from our assays in the same 90 CEPH DNA
samples used in the Intemational HapMap Project were
100% concordant with HapMap data. 100% concor-
dance was also achieved between genotype data of 46
CEPH DNA samples typed in our initial assay
optimisation stage and the same samples contained
within our case control sample set for all 10 SNPs.

Genotype data were in Hardy Weinberg equilibrium
for both cases and controls for all SNPs. No significant
differences between cases and controls were observed
for any single markers by allele (Table 1) or genotype
(data not shown).

We specifically tested those marker combinations
reported to yield the most significantly associated
haplotypes by Emamian et al. (2004) including the core
haplotype. (SNP2/SNP3, TC), those of Schwab et al.
(2005), (SNP1/SNP2a/SNP3, GTC) and lkeda et al.
(2004), (SNP3/SNP4/SNP5, CGG and CGA as well as
seven other overlapping haplotypes also significantly
associated in the Japanese sample). Table 2 summarizes
the most significant haplotypes with the ancestral alleles
marked as *. Marker combination SNP2/SNP3/SNP4
which gave the most significant results in the Emamian
study, gave a global p-value of 0.08 in our sample.
However, the TCG haplotype for this marker combination
which gave nominal significance in the initial Emamian
study (»p=0.0006) and also in that of Schwab et al. (2005),
(p=0.02) was not significantly associated in our sample,
p=0.37, although a non significant trend was observed
in the previously reported direction (Table 2). Our case
and control frequencies for this haplotype were 0.19 and

0.17 respectively, compared to 0.17 and 0.10 in the
German sample (Schwab et al., 2005) and 0.15 in the US
sample of European origin of Emamian et al. (2004).

Global haplotype analysis of markers (SNP2/SNP3)
forming the core two-marker haplotype of Emamian
et al. (2004) revealed no significant evidence for assoc-
iation (global p=0.09) nor did specific analysis of the
TC phased core haplotype (»=0.41). However, a spe-
cific phased 4 marker haplotype (SNP2/SNP3/SNP4/
SNPS, TCGQG, Table 2) which was also significant in the
Emamian study, p=0.004, was associated in our sample,
p=0.04 (case freq=0.13, control freq=0.10). The same
haplotype was not significantly associated in either the
German (Schwab ct al., 2005) or in the Japanese (lkeda
et al., 2004) samples, (p=0.11 and 0.18 respectively),
(personal communications).

The most significant haplotype of (SNP1/SNP2a/
SNP3 GTC, Table 2) reported by Schwab et al. (2005)
was not associated in our sample, (p=0.51), although
the trend with frequencies of 0.18 and 0.16 in our cases
and controls respectively, compared to 0.17 and 0.09 in
the German sample was in the same direction.

Global haplotype analysis of SNP3/SNP4/SNPS5
which was the most significant haplotype in the Jap-
anese study of lkeda et al. (2004) was significantly
associated (uncorrected p=0.04) in our sample. The
largest difference in haplotype frequency for this
combination was 5% for the haplotype CGG (Table 2,
p=0.016). The same haplotype was also significantly
associated in the same direction in the Japanese sample
(Ikeda et al., 2004), p=0.014, although frequencies in
the samples are different (CGG=0.27 in Japanese con-
trols vs. 0.17 in Cardiff controls). The most significant
haplotype associated in the Japanese sample was SNP3/
SNP4/SNP5 CGA, (p=0.0001), (Ikeda et al., 2004).
This was not significantly associated in our sample. The
haplotype frequencies in our sample and in that of lkeda
et al. (2004) are substantially different (Table 2). lkeda
et al. (2004) also reported 7 overlapping haplotypes with
individual p-values less than 0.05. None of these was
significantly associated in our sample.

Although we selected the markers predicated on single
locus (i.e. pairwise tagging), in order to try to capture the
effect of unknown variants that are not represented in
HapMap, we undertook 2 and 3 marker haplotype analysis
across all the markers including those additional SNPs
recommended by our tagging procedure. We obtained
evidence for association for haplotypes of SNP1/SNP3/
SNP4, global p=0.04, which overlaps physically with the
most significant haplotypes reported by Schwab ct al.
(2005) and Emamian et al. (2004). On closer inspection,
the effect came from two haplotypes with frequencies of
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less than 5%, (GTG case=0.009, control=0.018, p=0.06
and ACG, case=0.043, control= 0.023, p=0.006). Allele
C of SNP3 is common to our significant haplotype (SNP1/
SNP3/SNP4, ACG) and the most significant haplotypes of
Emamian et al. (2004) and Schwab et al. (2005), whilst
allele G of SNP4 is common to our SNP1/SNP3/SNP4,
ACG haplotype and the SNP2/SNP3/SNP4, TCG haplo-
type of Emamian et al. (2004) and Schwab et al. (2005).

4. Discussion

Following the initial report (Emamian ct al., 2004)
and mixed replication evidence (Ohtsuki et al., 2004;
lkeda ct al., 2004; Ide et al., 2006; Schwab et al., 2005;
Liu et al.. 2006; Bajestan et al., 2006) we sought to
provide further evidence for association between schi-
zophrenia and polymorphisms in 4KT!I. The question
of when the evidence for association between disease
and gene is convincing is a vexing one for several
reasons. ldeally, such evidence would come from re-
peated demonstration of a directional association (even
if not significant) between a disorder and a specified
allele such that pooled or meta-analyses demonstrates a
clear highly significant directional effect. However,
when based upon indirect association, replication of
specified alleles may not be easily obtained due to a
mixture of population differences in allelic heterogene-
ity at the locus, patterns of LD, allele frequencies,
phenotypic variation relevant to the associated allele, or
exposure to environmental variables with which a risk
allele interacts (O’Donovan and Owen. 1999). More-
over, mathematical analyses show that where the true
effect size of a susceptibility allele is weak, opposite
alleles may be genuinely associated with disease even
in populations with similar LD measures, allele
frequencies, and identical effect sizes at the functional
locus (Moskvina and O’Donovan, in press). Given the
above, while association to the same allele across
studies should at least be sought, it cannot be a pre-
requisite for considering a study as supportive of as-
sociation between disease and a gene. Instead, we
believe it is legitimate to view association to any allele
or haplotype that both survives honest appropriate cor-
rection for multiple testing and is based on a well-
designed quality-controlled study as significant evi-
dence for replication at the gene-level. When multiple
studies meet this criterion, as we consider to be the case
for example for dysbindin (Williams et al., 2005b), then
in our view, the evidence can be considered convincing.

Our single marker data for AKT1 provide no evi-
dence for association with schizophrenia, but haplotype
analysis showed some trends similar to the existing data,

albeit, none that remain significantly associated in the
context of multiple testing. When associated haplotypes
from all of these studies are aligned (Table 2), it is
apparent that the most significant risk haplotypes across
studies overlap, making the comection for multiple
testing over conservative. (Of the p-values reported in
Table 2, the most significant haplotype of Schwab ct al.
(2005) is already corrected for multiple testing by simu-
lation (Becker and Knapp. 2004). The most significant
haplotype in the Emamian study (p=0.006) is uncor-
rected, but remains significant after adjustment for the
comparisons made in the study, (p<0.04).

In Table 2 where we show the most significant
haplotype reported from each study and compare these
specific haplotypes across the published data and with
our own data, the SNP3/4, alleles CG combination
occurs in 6/7 of the significant haplotypes. This trend
also extends to the Japanese sample (lkeda et al., 2004),
but not in the Iranian sample (Bajestan et al., 2006)
where the only significant haplotype contains the A
allele at SNP 4. Also, when all ethnicities are considered
together, a trend for a longer overlap is observed with
SNPs 3/4/5, CGG in the significant risk haplotypes of
both this, the initial positive and the Japanese study, (4/
10 significant haplotypes). However, given that alleles
C and G are respectively the major alleles at SNP3 and
SNP4, and are present on numerically more haplotypes
than SNP3 allele T, this may simply be chance rather
than a reflection of a genuine pattem in the data.
Nevertheless, similar directions of effect were observed
in our sample for the haplotypes most significantly over-
represented in samples of European origin. Further con-
fidence could be achieved if the four marker haplotype
(SNP2/SNP3/SNP4/SNPS, TCGG) which was associ-
ated in the original positive study and in our own data
was also significant in the German study and Japanese
samples, particularly since (SNP3/SNP4/SNPS, CGQ)
was also significant in the Japanese sample. However,
the TCGG haplotype was not significantly associated in
the German sample, p=0.11 (personal communication)
although the trend was in the same direction, and the
same haplotype was of low frequency in the Japanese
sample of lkeda et al. (2004), (personal communication)
and was not significant in the Japanese sample of
Ohtsuki et al. (2004), (personal communication).

Our haplotype frequencies were broadly similar to
those other samples of European, origin (Emamian
et al., 2004; Schwab et al., 2005), although when com-
pared to the German sample (Schwab et al., 2005), both
our case and control frequencies were more similar to
the German cases than to the German controls (Table 2).
Comparison of LD patterns across studies showed D’
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