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Ca®*-dependent activator protein for secretion 2 (CADPS2), a secretory granule associate protein, mediates 24
monoamine transmission and the release of neurotrophins including brain-derived neurotrophic factor (BDNF)
which have been implicated in psychiatric disorders. Furthermore, the expression of CADPS2deltaExon3, a 26
defective splice variant of CADPS2, has been reported to be associated with autism. Based on these observations,

[

5

27

Keywords:
BDNF

we examined whether expression levels of CADPS2 and CADPS2deltaExon3 are altered in psychiatric disorders. 28
Quantitative polymerase chain reaction analysis was performed for postmortem frontal cortex tissues (BA6) from 29
15 individuals with schizophrenia, 15 with bipolar disorder, 15 with major depression, and 15 controls (Stanley 30

CAPS2

Postmortem brain

Schizophrenia

Stanley neuropathology consortium

neuropathology consortium). The mean CADPS2 expression levels normalized to human glyceraldehyde-
3phosphate dehydrogenase (GAPDH) or TATA-box binding protein levels was found to be significantly increased
in the brains of the schizophrenia group, compared to the control group. On the other hand, the ratio of 33
CADPS2deltaExon3 to total CADPS2 was similar in the 4 diagnostic groups. We then analyzed CADPS2 expression

in blood samples from 121 patients with schizophrenia and 318 healthy controls; however, there was no
significant difference between the two groups. Chronic risperidone treatment did not alter the expression of 36
CADPS2 in frontal cortex of mice. The observed increase in the expression of CADPS2 may be related to the
impaired synaptic function in schizophrenia.

© 2011 Published by Elsevier Inc.

1. Introduction

Ca’*-dependent activator protein for secretion (CADPS) family,
which consists of two members, CADPS1 and CADPS2, is a secretory
granule-associated proteins involved in Ca®*-dependent exocytosis
of large dense-core vesicles containing diverse array of modulators
including neurotrophines, monoamines and neuropeptides (Liu et al.,
2008; Sadakata et al, 2004). CADPS2 mediates the release of
neurotrophins such as brain-derived neurotrophic factor (BDNF)
and neurotrophin-3. Mouse CADPS2 protein is associated with BDNF-
containing secretory vesicles and promotes activity-dependent
release of BDNF (Sadakata et al., 2004). BDNF release is significantly

Abbreviations: ANCOVA, Analysis of covariance; BDNF, Brain-derived neurotrophic
factor; CADPS2, Ca®*-dependent activator protein for secretion 2; CCK, Cholecystoki-
nin; DSM—IV, Diagnostic and Statistical Manual of Mental Disorders, 4th edition; FST,
Freezer storage time; M.LN.IL, Mini-International Neuropsychiatric Interview; NT,
Neurotensin; PCR, Polymerase chain reaction; PMI, Postmortem interval; SD, Standard
deviation; TBP, TATA-box binding protein.

* Corresponding author at: 4-1-1 Ogawahigashi-cho, Kodaira, Tokyo, 187-8502,
Japan. Tel.: +81 42 341 2712 Ex.5831; fax: + 81 42 346 1744,
E-mail address: hattori@ncnp.go.jp (K. Hattori),

0278-5846/$ - see front matter © 2011 Published by Elsevier Inc.
doi:10.1016/j.pnpbp.2011.05.004

reduced in cultured neurons prepared from the brain of CADPS2
deficient mice (Sadakata et al., 2007a,b).

A number of findings suggest that BDNF action is impaired in
psychiatric disorders including schizophrenia, bipolar disorder and
depression. Several studies have shown decreased levels of BDNF or its
receptor, TrkB, in the postmortem brains of patients with schizophrenia
(Hashimoto et al., 2005; Iritani et al, 2003; Weickert et al., 2003),
although there are contradictive reports (Chen et al., 2001; Dunham et

31
32

34
35

37
38
39

40

al,, 2009; Durany et al., 2001; Takahashi et al., 2000). The contribution of 63

BDNF in depression has been suggested from animal studies that
demonstrated stressful environments decrease, and antidepressive
treatments increase BDNF levels in the brain (Duman and Monteggia,
2006; Martinowich et al., 2007). Also, centrally administered BDNF has
an antidepressant-like effect in rat models (Siuciak et al., 1997). Thus,
the molecules that contribute to the trafficking and release of BDNF may
be a culprit of these disorders.

CADPS family also mediate monoamine transmission. Both
CADPS1 and CADPS2 mediate the refilling of catecholamine to the
releasable vesicles, and catecholamine secretion is significantly
suppressed in the CADPS1/2 double deficient cells. (Liu et al., 2008).
Another study supports that CADPS family are involved in monoamine
storage as antibodies against CADPS1 or 2 inhibit monoamine
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sequestration by synaptic vesicles from mice brain (Brunk et al.,
2009).

Dysregulation of monoamine neurotransmission has been hypoth-
esized to play a central role in the etiology of psychiatric disorders
including schizophrenia and mood disorders. In schizophrenia, not only
classical evidence that dopamine agonists induce and dopamine D2
receptor antagonists ameliorate psychoses but also brain imaging
studies on drug naive patients have suggested that dopamine
transmission is affected in this disorder (Lyon et al.,, 2009). In major
depression, reduced monoamine transmission hypothesis was derived
from the finding that most anti-depressants increase monoamine levels
in the synaptic cleft and that reserpine, a monoamine-depleting drug,
worsen depressive symptoms in a subset of patients with mood disorder
(Krishnan and Nestler, 2008), although imaging, postmortem, or
cerebrospinal fluid studies have yet to find the definitive evidence for
altered monoamine neurotransmission in this disorder (Belmaker and
Agam, 2008; Nikolaus et al.,, 2009).

While, to our knowledge, CADPS2 expression in schizophrenia or
mood disorders have not yet been examined, aberrant splicing of
CADPS2 mRNA was reported in autism (Sadakata et al., 2007b). In this
study, an exon-3 skipped isoform, CADPS2AExon3, was detected in
the bloods of several autistic patients but not in those of healthy
controls. They also showed that CADPS2AExon3 was deficient in
proper axonal transport, which results in the loss of local synaptic
BDNF release. Though the CADPS2AExon3 expression in the brains of
patients with autism is unclear, the aberrant splicing of CADPS2 could
contribute to susceptibility to autism by affecting neurotrophin
release. ‘

Based on above findings, the present study was aimed to examine
whether the expression of CADPS2 transcripts is altered in the frontal
cortex of patients with psychiatric disorders including schizophrenia,
major depression and bipolar disorder. The CADPS2 expression levels
in the blood of schizophrenia were also examined.

2. Materials and methods
2.1. Brain samples

Frozen postmortem samples of frontal cortex (BA6) were obtained
from the Stanley Foundation Neuropathology Consortium (Torrey et
al,, 2000). The collection consists of 60 subjects: 15 with schizophre-
nia, 15 bipolar disorder, 15 major depression and 15 unaffected
controls. All groups were matched for age, sex, race, pH and
hemispheric side (Table 1), although postmortem interval (PMI)
and freezer storage time differed across the groups. The brain tissues
obtained were coded. Once our blind study was complete, we sent the
data to the Stanley Foundation who then returned the codes,
demographic and clinical data. In a cold-room, each frozen brain
tissue was broken into powder in the plastic bag using dry-ice block

Table 1
Demographic information on brain specimens of Stanley Neuropathology Consortium.
Control Schizophrenia  Bipolar Major
disorder depression
Age (years) 481 (29-68) 442 (25-62) 423 (25-61) 46.4 (30-65)
Gender (M/F) 9/6 9/6 9/6 9/6
Race 14C,1AA 13C,2A 14C, 1AA 15C
PMI (hours) 237(8-42) 337 (12-61) 325(13-62) 27.5(7-47)
pH 63 (5.8-66) 6.1(58-66) 62(58-65) 62 (56-65)
Side of brain 7/8 6/9 8/7 6/9
frozen (R/L)
Freezer storage 11.3(1-26)  20.7 (2-31) 207 (7-28) 145(3-31)
time (months)

AA, African American; A, Asian; C, Caucasian; F, female; M, male; and PMI, postmortem
interval.

and dry-ice-cold hammer. The powder was then transferred and kept
in dry-ice-cold tubes. Temperature of the tubes and instruments that
directly contacted to the samples was frequently measured by
infrared-thermometer (AD-5613A, A&D Company, Japan) and kept
under — 20 °C. Then, 30 to 40 mg of brain powder was used for cDNA
synthesis. RNA was extracted using RNAqueous (Applied biosystems,
Foster City, CA) according to manufacturer's instructions with a slight
modification, i.e., after homogenization, samples were washed twice
with 500 ul of chloroform, and then applied to the spin-column.
Extracted RNA was quantified by optical density reading at 260 nm
using NanoDrop ND-1000 (Thermo Scientific, Rockford, IL). Then, the
obtained RNA (14 pl) was used for cDNA synthesis using SuperScript
VILO cDNA Synthesis Kit (Invitrogen, Carlsbad, CA).

2.2. Blood samples

Subjects were 121 patients with schizophrenia (84 males and 37
females; age 44.14 13.7 (mean = SD) years) and 318 controls (90 males
and 228 females; age 43.1 +15.3 years). All subjects were biologically
unrelated Japanese and recruited from the same geographical area
(Western part of Tokyo Metropolitan). Consensus diagnosis by at least
two psychiatrists was made for each patient according to the Diagnostic
and Statistical Manual of Mental Disorders, 4th edition (DSM—IV)
criteria (American Psychiatric Association, 1994) on the basis of
unstructured interviews and information from medical records. The
controls were healthy volunteers recruited from the community,
through advertisements in free local magazines and our website
announcement. Control individuals were interviewed by the Japanese
version of the Mini-International Neuropsychiatric Interview (M.LN.I)
(Otsubo et al., 2005; Sheehan et al., 1998) and those who had a current
or past history of psychiatric treatment were not enrolled in the study.
After the nature of the study procedures had been fully explained,
written informed consent was obtained from all subjects. The study was
conducted in accordance with the Declaration of Helsinki and approved
by the ethics committee of the National Center of Neurology and
Psychiatry, Japan.

Blood collection and RNA isolation were performed using the
PAXgene blood RNA system (Qiagen, Valencia, CA). Blood samples
were collected around 11 A.M. Extracted RNA was quantified as
described above. Samples that contained more than 40 ng/pl of total
RNA were used for analysis; 8yl from each sample was reverse
transcribed using SuperScript VILO cDNA Synthesis Kit (Invitrogen,
Carlsbad, CA).

2.3. Chronic risperidone treatment to mice

C57BL/6] male mice aged 10 weeks were purchased from Crea
Japan. Chronic oral risperidone treatment was performed according to
Belforte et al., (Belforte et al, 2010). In brief, 2.5 mg/kg/day of
risperidone (Rispadal liquid, Janssen Pharmaceutical, Tokyo, Japan) in
drinking water freshly made every 72h had been administered
continuously for 3 weeks. Control mice received solvent (1.4 mM
tartaric acid neutralized to pH 6-7). All experimental procedures were
in accordance with the guidelines of the United State's National
Institutes of Health (1996) and were approved by the Animal Care
Committee of the National Institute of Neuroscience, NCNP.

2.4. Quantitative real-time polymerase chain reaction

Polymerase chain reaction (PCR) amplifications were performed in
triplicate (5l volume) on 384-well plates using ABI prism 7900HT
(Applied Biosystems, Foster City, CA). Each reaction contained 0.28 ul of
cDNA sample, qPCR QuickGoldStar Mastermix Plus (Eurogentec, Seraing,
Belgium) and a primer of the target, i.e. human CADPS2 (Hs01 095968_m1
at Exon 4-5 on NM_017954.9), mouse CADPS2 (Mm00462577_m1),
human CADPS2AExon3 (Forward primer: GTAGCTGACGAAGCATTTTGCA,

Please cite this article as: Hattori K, et al., Expression of Ca?*-dependent activator protein for secretion 2 is increased in the brains of
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Reverse Primer: TGATCTGGGCTGCTTGTTCAT, Reporter: CTGCGTTATC-
CAGCTCAT) and a primer of the housekeeping gene human glyceralde-
hyde-3phosphate dehydrogenase (GAPDH, 4326317E), mouse GAPDH
(4352339E) and human TATA-box binding protein (TBP,
Hs99999910_ml) all purchased from Applied Biosystems (Foster City,
CA). Negative control reactions were carried out with “no RNA” samples.
The real time PCR reactions ran at 50 °C for 2 min, at 95 °C for 10 min and
in 40 or 45 cycles changing between 95 °C for 15 s and 60 °C for 1 min. A
standard amplification curve was made by serial dilution of a “standard”
pooled cDNA sample in each plate. The mean value of triplicate of each
sample was normalized to the standard curve. Then, the values of CADPS2
and CADPS2AExon3 from each sample were normalized to those of
GAPDH.

2.5. Statistical analyses

Data analyses were performed with SPSS software (Version 11,
SPSS Japan, Tokyo, Japan). Effect of age, brain pH, postmortem interval
(PMI), and freezer storage time on each brain analysis was assessed by
Pearson's correlations (Table 2). Variables showing significant
correlations were included as covariates in the main analysis. Levene's
test was used to assess the equality of variances across diagnostic
group. Analysis of covariance (ANCOVA) was used to identify overall
effects of diagnosis and significant main effects of diagnosis were
investigated by planned post hoc contrasts, In the blood sample
analyses, CADPS2 expression levels were converted to 10-log scale
before statistical analysis in order to obtain a normal distribution
(Castensson et al., 2005). The effect of diagnosis on blood CADPS2
expression was assessed by ANCOVA with sex and age as covariates
after Levene's test. The effect of diagnosis on blood CADPS2AExon3
expression was assessed by logistic regression, controlling for sex and
age as covariates. The effect of risperidone on CADPS2 expression in
mice brain was assessed by student's t-test after F-test.

3. Results
3.1. CADPS2 expression levels in the postmortem brain (BA6)

We first analyzed the effects of age, brain pH, postmortem interval
(PMI), and freezer storage time (FST) on each expression analysis
(Table 2). Brain pH was significantly correlated with GAPDH
expression levels or raw CADPS2 expression levels. PMI also tended
to be correlated with GAPDH expression levels or raw CADPS2
expression levels. If the effects were analyzed separately within each
diagnostic group, no significant correlation was detected.

CADPS2 expression levels normalized to GAPDH expression levels
(CADPS2/GAPDH) in each sample are shown in Fig. 1A. ANCOVA with
brain pH as covariates detected a significant effect of diagnosis on
CADPS2/GAPDH levels (F=3.4, df=3, p=0.025) and post hoc test
detected a significant difference between schizophrenia and control
groups (p=0.03). Even if PMI was added as another covariate, the
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Fig. 1. CADPS2 expression levels in the postmortem brains of psychiatric disorder. (A)
CADPS2 expression levels normalized by GAPDH levels. Scatter plots display the
variability and differences in the CADPS2 mRNA expression levels normalized by each
GAPDH expression levels. A crossbar on each scatter plot represents mean expression
levels for each group. (B) GAPDH expression levels (C) Raw CADPS2 expression levels.
(D) Correlation between GAPDH levels and raw CADPS2 levels. Cont, control; Sch,
schizophrenia; BD, Bipolar Disorder; and Dep, Depression. *, statistically significant
difference (p<0.05).

difference was significant (p = 0.002). There was no significant difference
between bipolar disorder and controls or between depression and
controls. There was no significant correlation between CADPS2/GAPDH
levels and lifetime dose of antipsychotic drugs (data not shown). There
was a significant effect of diagnosis on GAPDH expression levels (F= 3.4,
df=3, p=0.023, Fig. 1B). GAPDH levels in the control group was
significantly higher than that of schizophrenia (p=0.012), bipolar
disorder (p=0.009) or major depression group (p=0.013). Raw
CADPS2 levels did not differ among the diagnostic groups (F= 1.0,
df=3, p=0.38, Fig. 1C). There was a significant correlation between
GAPDH expression levels and raw CADPS2 expression levels (Pearson's
correlation 0.69, p<0.001, Fig. 1D).

We compared relative CADPS2 expression levels among diagnostic
groups using another endogenous control, TATA-box binding protein
(TBP), and obtained similar result (Fig. S1, this experiment was done
after uncode the sample). ANCOVA with brain pH as covariates
detected a significant effect of diagnosis on CADPS2/TBPlevels
(F=3.3, df=3, p=0.027) and post hoc test detected a significant

Table 2
The effect of age, pH, postmortem interval, and freezer storage time on each brain expression analysis.
GAPDH CADPS2 AExon3 CADPS2/GAPDH AExon3/G APDH AExon3/C ADPS2
Age Pearson's 0.013 -0.13 0.19 —0.18 0.088 0.27
P 0.92 034 037 0.16 051 0.041
pH Pearson's 036 0.26 0.25 0.031 0.12 0.090
p 0.005 0.048 0.058 0.81 038 0.50
Post mortem Pearson's interval (hours) —-0.23 -0.22 -0.13 —0.040 0.039 0.15
P 0.076 0.098 0.30 0.76 0.77 0.25
Freezer storage time (months) Pearson's —-0.22 —0.034 —0.041 0.21 0.12 0.052
P 0.092 0.80 0.75 0.11 036 0.69

AExon3, CADPS2AExon3; and Pearson's, Pearson's correlation.

Please cite this article as: Hattori K, et al., Expression of Ca®*-dependent activator protein for secretion 2 is increased in the brains of

schizophrenic patients, Prog Neuro-Psychopharmacol Biol Psychiatry (2011), doi:10.1 016/j.pnpbp.2011.05.004




247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263

264
265

266
267
268
269
270
271

272

273
274

4 K. Hattori et al. / Progress in Neuro-Psychopharmacology & Biological Psychiatry xxx (2011) xxx-Xxx

difference between schizophrenia and control groups (p=0.019).
Even if PMI was added as another covariate, the difference was
significant (p=0.012).

With respect to CADPS2AExon3/GAPDH level (Fig. 2A), the effect
of age was detected in the control group (Pearson's correlation 0.8,
p=0.023) and the effect of pH was detected in the bipolar disorder
group (Pearson's correlation 0.60, p=0.018). ANCOVA with age and
brain pH as covariates detected the marginal effect of diagnosis
(F=2.8, df=3, p=0.050) and the mean expression level was
significantly increased in the schizophrenia group, compared to the
control group (p=0.030). When the ratio of CADPS2AExon3 to raw
(total) CADPS2 expression levels was compared, the ratio was similar
in the 4 diagnostic groups (F=1.1, df=3, p=0.36, Fig. 2B). Neither
the effect of diagnosis on raw CADPS2AExon3 levels was observed
(F=1.9, df=3, p=0.15, Fig. 2C). There was a significant correlation
between GAPDH expression levels and raw CADPS2AExon3 expres-
sion levels (Pearson's correlation 0.66, p<0.001, Fig. 2D).

3.2. Cortical CADPS2 expression after chronic antipsychotic treatment in
mice

To see whether antipsychotics alter the mRNA expression of
CADPS2, we measured the CADPS2 levels in the frontal cortex of mice,
following chronic treatment with an antipsychotic risperidone. Oral
administration of risperidone (2.5 mg/kg, n= 15 for the controls and
16 for the risperidone group) for 3 weeks did not alter CADPS2
expression (F= 1.5, df=29, p=10.61).

3.3. CADPS2 expression in blood sample

Since we observed increased expression of CADPS2 in postmortem
brains of schizophrenia patients, we then examined whether such an
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Fig. 2. CADPS2AExon3 expression levels in the postmortem brains of psychiatric
disorder. (A) CADPS2AExon3 expression levels normalized by GAPDH levels. Scatter
plots display the variability and differences in the CADPS2AExon3 mRNA expression
levels normalized by each GAPDH expression levels. A crossbar on each scatter plot
represents mean expression levels for each group. (B) CADPS2AExon3 levels
normalized to each total CADPS2 expression levels. (C) Raw CADPS2AExon3 expression
levels. (D) Correlation between GAPDH expression levels and raw CADPS2AExon3
expression levels. Cont, control; Sch, schizophrenia; BD, Bipolar Disorder; and Dep,
Depression. *, statistically significant difference (p<0.05).

alteration exists in peripheral blood samples. The CADPS2/GAPDH
expression levels were converted to 10-logarism before statistical
analyses to obtain normal distribution. The mean (Standard deviation)
CADPS2 expression level was 0.17 (1.29) in the control group and 0.32
(1.46) in the schizophrenia group. ANCOVA controlling for age and sex
did not detect the significant effect of diagnosis on CADPS2/GAPDH level
(F=1.67,df=1,p=0.20). We also measured CADPS2AExon3 levels in
the blood samples. Compared to brain samples, the expression levels
were quite low and could not detect in the majority of samples. Thus, we
defined “expressed” when at least 2 tubes in triplet analyses of each
sample were detected until 45 cycles. CADPS2AExon3 expression was
detected in 36 of 318 control samples (ratio=0.11), and 21 of 121
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schizophrenia samples (ratio= 0.17). There was no significant effect of 287

diagnosis on CADPS2AExon3 expression by the logistic regression
analysis controlling for age and sex (odds ratio 1.51, [95% CI 0.80-2.86],
p=0.21). Even when men and women were examined separately, there
was no significant difference between the patients and controls for each
sex (data not shown).

4. Discussion
4.1. Main findings

In the present study, we analyzed the expression of CADPS2 mRNA
in the postmortem brains (BA6) of psychiatric patients (schizophre-
nia, major depression and bipolar disorder) and controls. A significant
increase in the CADPS2 expression was detected in the brains of the
schizophrenia group, compared to the control group. No change was
detected in other disease groups. While a CADPS2 splice variant,
CADPS2AExon3 showed a non-significant increase in the schizophre-
nia group, its ratio to the total CADPS2 levels was not different from
the control group. Chronic risperidone treatment did not alter the
CADPS2 levels in mice brain. We also analyzed CADPS2 or CADPS2-
AExon3 expression levels in the blood samples of schizophrenia and
control subjects; however, the levels were not significantly different
between the two groups.

4.2. Brain analysis

4.2.1. Drug effect

A large number of gene expressions in the brain are affected by
antipsychotic treatments (Girgenti et al.,; Mehler-Wex et al., 2006;
Thomas, 2006). Therefore, the observed increase in CADPS2 mRNA in
the schizophrenia group could be the result of antipsychotic
treatment. However, our results did not support this assumption
because the CADPS2 levels did not correlate to life-time antipsychotic
dose and chronic risperidone treatment in mice did not alter CADPS2
expression on their cortexes, although caution is required for the
interpretation of those results because we don't have data for the
latest dose before death and other drugs such as chlorpromazine,
haloperidol and clozapine might be used in the patients.

4.2.2. Possible relevance to BDNF secretion, dopamine transmission, and
neuropeptide release

Considering that defective BDNF signaling has been suggested in
schizophrenia and mood disorders (Angelucci et al., 2005) and that
CADPS2 mediates BDNF release in neurons (Sadakata et al., 2004), we
initially expected that CADPS2 levels would be decreased in frontal
cortex in patients with these psychiatric disorders. However, in our
results, CADPS2 levels were not altered in mood disorders but
increased in schizophrenia. In addition, the relative levels of defective
CADPS2 isoform, CADPS2AExon3 were not altered in those disorders.
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Thus, it is unlikely that altered CADPS2 expression might be a cause of 331

BDNF deficits in schizophrenia. It may be rather a compensatory
consequence of reduced BDNF signaling.
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CADPS2 also promotes monoamine storage in neurons (Brunk et al.,
2009; Liu etal,, 2008). CADPS2 is highly expressed in the dopamine-rich
brain areas such as ventral tegmental area and substantia nigra of mice
brain (Sadakata et al., 2006) and it is reported to interact with dopamine
D2 receptor (Binda et al., 2005). Growing evidence has demonstrated
increased presynaptic dopamine levels in the striatum of schizophrenia
patients (Lyon et al., 2009). If the observed increase in the expression of
CADPS2 occurs in the subcortical regions including striatum and
midbrain as well as frontal cortex, it might be the cause of hyper-
dopamine transmission that reflects psychotic state (Howes et al,
2009).

Furthermore, large dense-core vesicles contain not only neuro-
trophins and monoamines but also neuropeptides (Salio et al., 2006).
Neuropeptides such as endorphins, cholecystokinin (CCK), neuroten-
sin (NT), somatostatin, Neuropeptide Y and neuregulin 1 have been
implicated in schizophrenia (Caceda et al., 2007). Especially reduced
levels of CCK and NT have been repeatedly reported in the disorder
(Caceda et al., 2007), which may have caused compensatory increase
in the CADPS2 expression in schizophrenia.

4.3. CADPS2 expression in the blood

4.3.1. CADPS2 expression and diagnosis

Following the report that 4 of 16 patients with autism expressed
CADPS2AExon3 in peripheral bloods but none in 24 normal subjects
(Sadakata et al,, 2007b), another group reported that they detected
CADPS2AExon3 in some control subjects (Eran et al., 2009). Thus we
assumed that the ratio of CADPS2AExon3 to total CADPS2 rather than
whether CADPS2AExon3 exists or not is important and therefore we
applied quantitative real-time PCR to measure their expression. The
pilot experiment in the present study indicated that our quantification
method using SuperScript VILO and random-hexamer, was 4 to 8 fold
more sensitive than one step real-time PCR using gene specific
primers and could detect 10 to 100 clones of CADPS2 or CADPS2-
AExon3 sequence-containing vector. Compared with the brains,
CADPS2 expression was 32 to 128 fold lower in the blood. Unlike in
the brain, CADPS2AExon3 could not be detected in most blood
samples. So we performed qualitative analysis for each subject. As a
result, we didn't detect any significant difference in the expression of
CADPS2AExon3 in the blood between patients with schizophrenia
and controls. The CADPS2AExon3 was abundantly expressed in the
brain and the levels were unchanged across the diagnostic groups.
Thus, it is unlikely that the expression or the splicing balance should
relate to diseases we analyzed.

5. Conclusion

In conclusion, we found increased mRNA expression of CADPS2 in
the postmortem frontal cortex of schizophrenia patients which might
have some relevance to dysregulation in the release of dopamine,
neurotrophins, and/or neuropeptides in the disorder. This increase was
unlikely to be attributable to antipsychotic medication. We also
analyzed the CADPS2AExon3 in human brains and found that it is
abundantly present in the frontal cortex in any diagnostic group. We
obtained no evidence for the specific role of the splice variant in
schizophrenia or mood disorders. Future research should include the
evaluation of CADPS2 expression in other brain areas, and basic studies
on the cause and consequence of increased CADPS2 expression.

Supplementary materials related to this article can be found online
at doi:10.1016/j.pnpbp.2011.05.004.
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1. Introduction

Although sleep disturbance has been shown to be associated with psychological distress and the
hypothalamic-pituitary-adrenal (HPA) axis function, the simultaneous relationship between sleep,
distress and HPA axis function is less clear. Here we examined the relationship between sleep quality as
assessed with the Pittsburgh Sleep Quality Index, psychological distress as assessed with the Hopkins
Symptom Checklist, and cortisol responses to the dexamethasone (DEX)/corticotropin-releasing
hormone (CRH) test in 139 non-clinical volunteers. Poor sleep was significantly correlated with greater
cortisol response to the combined DEX/CRH challenge, but not with the cortisol level just before CRH
challenge. When subjects were divided into three groups based on the suppression pattern of cortisol
(i.e., incomplete-, moderate-, and enhanced-suppressors), poor sleep was significantly associated with
the incomplete suppression in women while no significant association was found between sleep and the
enhanced suppression. The association between poor sleep and exaggerated cortisol response to the CRH
challenge became more clear in the regression analysis where the confounding effect of psychological
distress was taken into consideration. These results indicate that poor sleep would be associated with
exaggerated cortisol reactivity. The observed association of poor sleep with reactive cortisol indices to
the CRH challenge, but not with the cortisol level after DEX administration alone, might add to the well-
established evidence demonstrating the role of CRH in the regulation of sleep. Our findings further
suggest that the mediation model would work better than the bivariate approach in investigating the
relationship between sleep, distress and HPA axis reactivity.

© 2011 Elsevier Ltd. All rights reserved.

sleep as well. Poor sleep status such as chronic insomnia (Vgontzas
et al,, 2001) and short sleep duration (Kumari et al., 2009) can lead

Sleep is recognized as a physiological function necessary for
optimal daytime functioning. Sleep disturbance due to various
challenges imposed by modern society can represent serious
threats to our health and well-being, such as cognitive impairments
(Ferrara et al.,, 2000), impaired glucose regulation (Scheen et al.,
1996) and elevation of cortisol (Leproult et al, 1997). The
hypothalamic-pituitary-adrenal (HPA) axis mediates the reaction to
all sorts of stressors, and plays an important role in the regulation of
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to HPA axis overactivation; likewise, hyperactive HPA axis could
have many unfavorable effects on sleep, including increased light
sleep and wakefulness and decreased slow wave sleep (Buckley and
Schatzberg, 2005; Steiger, 2002). Accumulated evidence thus
shows multiple reciprocal relationships between sleep and HPA
axis function (Buckley and Schatzberg, 2005). Indeed, HPA axis is
proposed as a potential mechanism by which sleep could be asso-
ciated with physical and mental health (McEwen, 2006).

Previous studies investigating HPA axis function in relation to
a variety of sleep parameters have employed different cortisol
measures, including diurnal cortisol profiles (Lasikiewicz et al.,
2008), cortisol awakening response (Stetler and Miller, 2005), and
cortisol reactivity to psychosocial challenge tests (Raikkénen et al.,
2010). Besides these measurements, several recent studies have

Please cite this article in press as: Hori H, et al., Poor sleep is associated with exaggerated cortisol response to the combined dexamethasone/
CRH test in a non-clinical population, Journal of Psychiatric Research (2011), doi:10.1016/j.jpsychires.2011.04.001




