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Chatsworth, CA). The total RNA yield was determined
by OD260. One microgram of total RNA was used for
c¢DNA synthesis by random hexamer and Omniscript
reverse transcriptase (Qiagen). The cDNA was stored at
—80 °C until further use.

2.4. Real-time quantitative PCR

Real-time quantitative polymerase chain reaction
(PCR) was performed as described previously (Matsu-
bara et al., 2006). Used primers sets were 5-TCTTGG
AAACAATGGCAACA-3 and 5-CTCGGGGATCTT
CAAATTCA-3 for SRp20, 5-ATATGCCCTGCGT
AAACTGG-3 and 5-AGACCGAGACCGTGAGT
AGC-3 for SRp30c, 5-CCCGGACTCACACCACAG-
3 and 5-AGATCGGCTGCGAGACCT-3 for SC35, 5-
GAGGCTTTGGTTTTGTGGAA-3 and 5-CGAGCCC
TAGCATGTTCAAT-3 for SRp40, 5-GCTACGGCG
GATCTCACTAC-3 and 5-TTGATGCAGAGCGAG
AGCTA-3 for SRp46, 5-TCCAGACTCAGCAG
TTGTGG-3 and 5-TGGTGCCAACAGAGACAAAG-
3 for SRp54, 5-AAATACGGACCACCTGTTCG-3 and
5-CTTCACCTGCTTGTCGCATA-3 for SRp55, 5-GAT
CCTGGAGGTGGATCTGA-3 and 5-CCACA
AAGGTCTTTGCCATT-3 for SRp75, 5-TGCCTACA
TCCGGGTTAAAG-3 and 5-CTGCTGTTGC
TTCTGCTACG-3 for ASF/SF2, 5-CGCTGGCAAAG-
GAGAGTTAG-3 and 5-CGAATTCCACAAAGG
CAAAT-3 for 9G8, and 5-CAGCCTCAAGATCATC
AGCA-3 and 5-TGTGGTCATGAGTCCTTCCA-3 for
GAPDH. All measurements were performed at least in
duplicate. GAPDH mRNA levels were used for normal-

ization. Expression values for mood disorder subjects
were normalized by the mean of the value for control
subjects. Methods and results of the quantitative
analysis of GRa and GRfz mRNA levels were described
in detail in our previous report (Matsubara et al., 2006).

2.5. Serum cortisol determination

Serum cortisol concentration was measured via
radioimmunoassay by the SRL Corporation (Tokyo,
Japan).

2.6. Data analysis

Data are presented as mean+standard error of the
mean (SEM) unless otherwise specified. For statistical
analyses, we used one-way analysis of variance
(ANOVA) followed by the Dunnett test. Spearman’s
correlations were calculated to assess the correlation
between data. Two group comparisons, such as the
effects of mood stabilizer usage or gender on SR protein
mRNA expression, were performed using the Student’s
r-test. For all statistical analyses, p<0.05 was consid-
ered significant.

3. Results

3.1. Increased SRp20 mRNA expression in BPD patients
during depressive and remissive siates

We first examined the expression of SR protein
splicing factors, SRp20, SRp30c, SC35, SRp40, SRp46,

Remission
n=28 n=41
Age (years) 50.0+1.8 52335 573122
Gender (male/female) 1513 10/10 15/26
HDRS 25919 3.2:02
Serum contisol (ug/dl) 86208 10.3+£1.3 1611
Medication
No medication 28 3 4
SSRI 0 5 13
TCA 0 ] 8
Li 0 0 ']
VPA 0 1] 0
CBZ 0 0 0

BFD

Depressed Remission

n=13 n=37

55.5£3.5 532423 48,835 44.7£4.7
211 730 413 510
246£1.1 29202

10.9+4.5 10.5+0.8

1 1] 17 15
4 3 0 0

1 6 0 0

4 21 0 0

7 16 0 0

2 8 0 0

MDD, major depressive disorder; BPD, bipolar disorder; Relatives, firsi-degree relatives of MDD and BPD patients; HDRS, Hamilton Depression
Rating Scale; SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic antidepressant; Li, lithium; VPA, valproic acid; CBZ, carbamazepine.



SRpS4, SRpSS, SRp75, ASF/SF2 and 9G8 in mood dis-
order patients in the depressive state (Fig. 1A). SRp30¢
mRNA expression was not altered in either BPD or MDD
patients, compared to healthy control subjects (F=0.122,
df=2, 58, p=0.885). Unexpectedly, the expression of
SRp20 mRNA was significantly increased in BPD
patients, compared to healthy control subjects (F=5.437,
df=2, 58, p=0.007, post-hoc p=0.003), whereas in MDD
patients there was only a slight, non-significant increase in
SRp20 mRNA expression (post-hoc p=0.262). There
were no significant effects of gender on SRp20 mRNA
expression in healthy control subjects (=0.839, df=26,
p=0409), MDD patients (¢=0.281, df=18, p=0.782),
or BPD patients (t=—0276, df=11, p=0.787) in the
depressive state. There were also no significant cor-
relations between SRp20 mRNA expression and age
in healthy control subjects (r=0.096, p=0.634),
MDD patients (r=0.110, p=0.644), or BPD patients
(r=—0.396, p=0.180) in this state,

Next, we examined the expression of SRp20 mRNA
in mood disorder patients in a remissive state (Fig. 1B).
We also examined SC35 mRNA expression in these
patients, because it has been reported that stress
increased SC35 expression (Meshorer et al.,, 2005).
BPD patients showed a significant increase in SRp20
mRNA expression, similar in extent to that in a de-
pressive state (F=3.999, df=2, 103, p=0.021, post-hoc
p=0.012), whereas MDD patients did not show any
alteration in SRp20 mRNA expression (post-hoc
p=0.341). SC35 mRNA expression was not altered in
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either BPD or MDD patients, compared to healthy
control subjects (F=0.210, df=2, 103, p=0.811).

As the expression of SRp20 mRNA was increased in
BPD patients in both the depressive and remissive states,
we also examined the expression of SRp20 and SC35
mRNA in the first-degree relatives of mood disorder
patients. However, the expression of both of these factors
were similar to those of healthy control subjects (SRp20:
F=0.136, df=2, 57, p=0.873; SC35: F=0.461, df=2,
57, p=0.633).

3.2. SR proteins and the HPA axis

We examined the relationships between the SRp30c
mRNA expression, which is reported to be associated
with alternative splicing of the GR transcript (Xu et al.,
2003), and the expression of GRe mRNA, GR mRNA,
the GRB/GRa ratio, and serum cortisol concentration,
There was a significant correlation between the expres-
sion of SRp30c mRNA and GR/GRa in healthy control
subjects, but not in either group of mood disorder pa-
tients in the depressive state (Fig. 2). SRp30c mRNA
expression did not show any significant correlation with
serum cortisol concentrations in healthy control subjects
(r=0.236, p=0.345), MDD patients (r=-0.092,
p=0.813), or BPD patients (»=—0.051, p=0.935) in
the depressive state.

Unexpectedly, there was also a significant correlation
between SRp20 mRNA expression and GRp mRNA
expression in MDD patients in a depressive state (Fig. 3)

[0 Healthy
B mpD 2.0
BPD

mRNA expression

PSRN

Fig. 1. The mRNA expression of SR protein splicing factors in mood disorder patients. A Quantitative real-time PCR. revealed an increased SRp20
mRNA expression only in BPD patients in a depressive state (n=13) compared to healthy control subjects (n=28), B, The expression of SRp20
mRNA was increased in BPD patients (n=37) in a remissive state compared to healthy control subjects (n=28). MDD, major depressive disorder;

BPD, bipolar disorder. Values are mean=standard error. *p<0.05.
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Fig. 2. The r:om'laiiuns‘ of SRp30c mRNA expression with GRa mRNA, GRA mRNA and the GRA/GRa ratio. There was a significant correlation
between SRp30c mRNA expression and the GR/GRa ratio only in healthy control subjects. Only data for patients in the depressive state are shown.

MDD, major depressive disorder; BPD, bipolar disorder.

No such correlations were found in either BPD patienis
in a depressive state or healthy control subjects (Fig. 3).
There were no significant correlations of SRp20 mRNA
expression with serum cortisol concentration in healthy
control subjects (r=-0.030, p=0.906), MDD patients
(r=0.285, p=0.458), or BPD patients (r=-0.066,
p=0.916) in the depressive state.

In the remissive state, SRp20 mRNA expression was
not significantly correlated with GRa mRNA in MDD

patients (r=—0.009, p=0.954) or BPD patients (r=
-0.107, p=0.529). Also, there were no significant
correlations between SRp20 mRNA expression and
serum cortisol concentration in MDD patients (r=0.254,
p=0.382) or BPD patients (r=0.225, p=0.420) in the
remissive state. GRB mRNA expression in mood
disorder patients in the remissive state was not analyzed
in our previous report, because it was not altered in such
patients in the depressive state (Matsubara et al., 2006).
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Fig. 3. The correlations of SRp20 mRNA expression with GRa mRNA, GRE mRNA and GRA/GRa ratio. A significant correlation of SRp20 mRNA
expression with GR mRNA level was seen in depressive MDD patients, but not in healthy control subjects or in depressive BPD patients. Only data
for patients in the depressive state are shown, MDD, major depressive disorder; BPD, bipolar disorder.

3.3. No significant relationship between SRp20 mRNA
expression and medication

Recently, it was reported that valproic acid (VPA)
increased SRp20 and ASF/SF2 protein levels (Brichta
et al,, 2003). To examine the effect of VPA on SRp20
mRNA expression in BPD patients, we divided them
into two groups, those with or without VPA medication.
The two groups showed similar increased SRp20 mRNA

expression in both the depressive (r=1.058, df=11,
p=0.313) and remissive (r=—0.532, df=35, p=0.598)
states. To examine the effect of antidepressant medica-
tion on SRp20 mRNA expression in BPD patients, we
studied the correlation between SRp20 mRNA expres-
sion and the dose of antidepressant medications; how-
ever, there were no significant correlations in patients in
either the depressive (r=—0.095, p=0.757) or remissive
(r=0.025, p=0.884) states.
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4. Discussion

In the present study, we found the inverse correlation
between SRp30c mRNA expression and the GRB/GRa
mRNA ratio in healthy control subjects, but not in mood
disorder patients. This is the first evidence, in vivo, of
the possibility that SRp30c might regulate the alter-
native splicing of GR, a finding that was reported pre-
viously only in vitro (Xu et al., 2003). Also, this finding
supports our hypothesis that proper alternative splicing
of the GR transcript may be disturbed in mood disorder
patients, which is derived from our previous finding that
a significant correlation between GRa and GRE mRNA
expression was found only in healthy control subjects,
but not in mood disorder patients (Matsubara et al,,
2006). Interestingly, there was also a significant cor-
relation between SRp20 mRNA expression and GRp
mRNA expression in MDD patients, but not in BPD
patients. This may be another finding suggesting that the
alternative splicing status in mood disorder patients is
different from that in the healthy controls. Although the
present study revealed that there are altered correlative
relationships between the expression of SR proteins and
GR-related parameters in mood disorder patients, it
remains unknown whether there are any causal relation-
ships between them.

Another major finding of our study is that the
expression of SRp20 mRNA was significantly increased
in BPD patients, but not in MDD patients. The increased
expression of SRp20 mRNA was revealed in these pa-
tients in both the depressive and remissive states. These
findings suggest that increased expression of SRp20
mRNA in BPD patients may not be state-dependent,
However, we did not identify significant alterations in
SRp20 mRNA expression in the first-degree relatives of
mood disorder patients. The increased SRp20 mRNA
expression may be closely related to the onset of disease
and last after recovery from the depressive state.

It has been reported that VPA increased SRp20 and
ASF/SE2 protein levels in fibroblast cultures derived
from spinal muscular atrophy patients (Brichta et al.,
2003). However, we did not find such effects of VPA on
SRp20 mRNA in the peripheral white blood cells of
mood disorder patients, or ASF/SF2 mRNA expressions
(data not shown). Thus, our findings did not suggest that
the increased expression of SRp20 mRNA in BPD
patients was caused by VPA medication. The discre-
pancy between the previous report and this study may be
due to differences in the tissues examined.

The biological significance of increased SRp20 ex-
pression in BPD patients is the next question to be
clarified. There are several target genes regulated by

SRp20-mediated alternative splicing, such as calcitonin
(CT)/calcitonin gene-related peptide (CGRP) and CD44
(Lou et al., 1998; Galiana-Arnoux et al., 2003). These
molecules have been reported to be involved in the
regulation of proinflammatory cytokines and the HPA
axis (Noble et al., 1993; Dhillo et al., 2003), which are
related to the pathophysiology of mood disorders.

Although it is unknown whether SRp20 expression is
also changed in the brain of BPD patients, it should be
noted that there have been an increasing number of
molecules that showed altered expression in both brain and
peripheral blood cells of mood disorder patients, including
GRa mRNA, heat shock protein 40, and LIM protein
(Webster et al., 2002; Iwamoto et al., 2004; Knable et al.,
2004; Matsubara et al., 2006). To confirm the relevance of
an altered SRp20 expression to the pathophysiology of
mood disorders, it is necessary to establish an animal
model for mood disorders, in which the SRp20 gene-and/
or its target genes are genetically modified.

This is the first report demonstrating the possibility of
an aberrant altemative splicing occurring via increased
SRp20 in BPD patients. The increased expression of
SRp20 mRNA in BPD patients was consistent in both the
depressive and remissive states. Our results suggest that
SRp20 might also be a biological marker of BPD, by
distinguishing it from MDD even at the first depression
episode, and leading to appropriate psychopharmacolo-
gical strategies for prevention of manic episodes.
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Abstract

There is an abundance of evidence suggesting the involvement of altered levels of expression of neurotrophic factors in the pathophys-
iology of neuropsychiatric disorders. Although postmortem brain studies have indicated the alterations in the expression levels of neu-
rotrophic factors in mood disorder patients, it is unclear whether these changes are state- or trait-dependent. In this study, we examined
the expression levels of the members of the glial cell line-derived neurotrophic factor (GDNF) family (GDNF, artemin (ARTN), neur-
turin, and persephin), brain-derived neurotrophic factor, nerve growth factor, neurotrophin-3 (NT-3), and neurotrophin-4 mRNAs by
using quantitative real-time PCR method in peripheral blood cells of patients with major depressive and bipolar disorders in both a cur-
rent depressive and a remissive states. Reduced expression levels of GDNF, ARTN, and NT-3 mRNAs were found in patients with
major depressive disorder in a current depressive state, but not in a remissive state. Altered expressions of these mRNAs were not found
in patients with bipolar disorder. Our results suggest that the changes in the expression levels of GDNF, ARTN, and NT-3 mRNAs

might be state-dependent and associated with the pathophysiology of major depression.

© 2008 Elsevier Ltd. All rights reserved.

Keywords: Major dep n; Bipolar di

der; Neurotrophic factor; GDNF; State marker

1. Introduction

Brain imaging studies have indicated the altered vol-
umes of the hippocampus, prefrontal cortex, cingulate cor-
" tex, or amygdala in patients with major depression or
bipolar disorder (Drevets et al.,, 1997; Sheline et al., 1999;
Bremner et al., 2000; Caetano et al., 2006). Postmortem
brain studies have also reported anatomical alterations
such as neuronal/glial cell atrophy or reduction in cortical
brain regions in depressed patients (Ongur et al., 1998; Raj-
kowska et al., 1999; Cotter et al., 2001). These studies sug-
gest the alteration of structural and neuronal plasticity in
mood disorders.

* Corresponding author. Tel.: +81 836 22 2255; fax: +81 836 22 2253.
E-mail address: yoshiwat@yamaguchi-u.ac.jp (Y. Watanabe),

0022-3956/% - see front matter © 2008 Elsevier Ltd. All rights reserved.
doi:10.1016/j jpsychires.2008.01.010
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Neurotrophic factors have many effects on the nervous
system such as neurogenesis, neuronal growth, differentia-
tion, and plasticity. There is a growing body of evidence
demonstrating that neurotrophic factors have crucial roles
in stress response, the action of antidepressants, and path-
ophysiology of mood disorders (Smith et al., 1995; Nibuya
et al., 1999; Karege et al., 2002; Nestler et al., 2002; Duman
and Monteggia, 2006; Govindarajan et al., 2006). For
example, the expression level of brain-derived neurotrophic
factor (BDNF) was significantly decreased in animals sub-
jected to social defeat, immobilization, and maternal depri-
vation stresses (Smith et al., 1995; Nibuya et al., 1999;
Roceri et al., 2002; Tsankova et al.,, 2006). In addition,

chronic antidepressant treatment increases the expression
levels of BDNF and neurogenesis in rodents (Malberg
et al,
et al,,

2000; Duman and Monteggia, 2006; Tsankova
2006). Furthermore, low levels of serum BDNF is
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suggested to be associated with major depression (Duman
et al., 1997; Karege et al., 2002; Nestler et al., 2002). In
addition to BDNF, the expression levels of other neurotro-
phic factors, including: nerve growth factor (NGF), glial
cell line-derived neurotrophic factor (GDNF); neurotro-
phin-3 (NT-3); and neurotrophin-4 (NT-4) were also
reported to be associated with stress response and neuro-
genesis in rodents and depression in humans (Smith
et al,, 1995; Ueyama et al., 1997; Aloe et al., 2002; Dwivedi
et al., 2005; Shimazu et al., 2006). However, little is known
about whether the changes in the expression levels of these
molecules are state- or trait-dependent in mood disorders.

Another well known characteristic of the pathophysiol-
ogy of mood disorders is the dysregulation of hypotha-
lamic-pituitary-adrenal (HPA) axis (Arborelius et al.,
1999; Holsboer, 2001; Nestler et al., 2002; de Kloet,
2003). Although the molecular mechanisms of the aberrant
regulation of the HPA axis in mood disorders remains
unclear, one candidate is the dysfunction of the glucocorti-
coid receptor (GR), which plays an important role in the
negative feedback of the HPA axis and the adaptation to
stress (Holsboer, 2000; Pariante and Miller, 2001). In
response to stress, glucocorticoid hormone and GR are
associated with stress-induced effects on the brain, includ-
ing shrinkage of neural dendrites, suppressed neurogenesis,
and reduced serotonin metabolism (Lopez et al, 1998;
McEwen, 2000; Sapolsky et al., 2000; de Kloet, 2003). In
addition, previous studies have indicated the reduced
expression of GRx mRNA in the brain and peripheral
white blood cells of patients with mood disorders (Webster
et al, 2002; Knable et al, 2004; Perlman et al, 2004;
Matsubara et al., 2006). Several lines of evidence have sug-
gested that glucocorticoid hormone or GR affect the
expression levels of neurotrophic factors (Barbany and
Persson, 1992; Chao and McEwen, 1994; Smith et al,
1995; Mocchetti et al., 1996; Ridder et al., 2005; Schulte-
Herbruggen et al., 2006). For example, adrenalectomy sig-
nificantly decreased the mRNA levels of BDNF, NT-3, and
NGF in the rat cerebral cortex and hippocampus (Barbany
and Persson, 1992). In addition, GR knock-out heterozy-
gous mice exhibited decreased levels of BDNF protein in
the hippocampus, whereas GR overexpressing mice exhib-
ited increased levels of BDNF protein in the amygdala and
hippocampus (Ridder et al, 2005; Schulte-Herbruggen
et al., 2006). These observations suggest that the reduced
levels of GR may affect the expression levels of neurotro-
phic factors in patients with mood disorders.

In this study, we aimed to determine whether there are
alterations in the expression levels of multiple neurotrophic
factors, including GDNF family members (GDNF, arte-
min (ARTN), neurturin (NRTN), and persephin (PSPN)),
BDNF, NGF, NT-3, and NT-4 mRNAs in peripheral
white blood cells of mood disorder patients. Furthermore,
to examine whether the altered expression of neurotrophic
factor mRNAs are state- or trait-dependent, the mRNA
levels of these factors were examined in both current
depressive and remissive states.

2. Materials and methods
2.1. Subjects

Major depressive and bipolar disorder patients were
diagnosed according to the criteria in the Diagnostic and
Statistical Manual of Mental Disorders, fourth edition
(DSM-IV; American Psychiatric Association, 1994). These
included both outpatients and inpatients of the Division of
Neuropsychiatry of the Yamaguchi University Hospital.
The extent of the depressive state was assessed by a 21-item
“Hamilton Depression Rating Scale” (HDRS). Subjects
were classified as under a current depressive state when
they showed a score of more than 18 on HDRS and met
the DSM-IV criteria for major depressive episode. Subjects
were classified as being in remission when they showed a
score of less than 6 on HDRS and did not show any symp-
toms of the major depressive episode in the DSM-IV crite-
ria for more than 2 months. Individuals were excluded
from the present study if they had abnormal physical exam-
inations or abnormal results for routine medical laboratory
tests such as a complete blood count, renal, liver or thyroid
function. Female subjects who were pregnant or took oral
contraceptives were also excluded. All healthy control sub-
jects were screened to exclude significant current or past
medical or neurological illnesses, significant alcohol or
drug abuse and past or current Axis I psychiatric illnesses.

“This protocol was approved by the Institutional Review

Board of Yamaguchi University Hospital. Informed writ-
ten consent was obtained for all subjects,

2.2. Blood sample preparation, RNA isolation, and cDNA
synthesis

Blood sample preparation, total RNA isolation and
c¢DNA synthesis were performed as previously described
(Matsubara et al., 2006). In brief, blood was obtained by
venipuncture between 10:00 a.m. and 11:00 a.m. and pro-
cessed for total RNA purification from peripheral blood
cells by using QlAamp RNA Blood Mini Kit (Qiagen,
Chatsworth, CA, USA) according to the manufacturer’s
manual. The quality of RNA was determined based on
Ao/ A2so atio, which was found as 1.7-2.0 for all RNA
preparations. One microgram of total RNA was used for
¢DNA synthesis using random hexamer primers and Omni-
script Reverse Transcriptase (Qiagen). The cDNA was
stored at —80 °C until further use.

2.3. Serum cortisol determination

Serum cortisol concentration was measured via radioim-
munoassay by the SRL Corporation (Tokyo, Japan).

2.4. Quantitative real- time polymerase chain reaction

Quantitative real-time polymerase chain reaction (QRT-
PCR) was performed in an Applied Biosystems 7300 Fast




Real-Time PCR System with SYBR green PCR master mix
(Applied Biosystems, CA, USA) according to the manufac-
turer’s manual, PCR conditions were 15 min at 95 °C, 45
cycles of 15s at 95°C and 30s at 60°C. The primer
sequences are described in Table 1. The amplification of
a single PCR. product was confirmed by monitoring the dis-
sociation curve and electrophoresis on 1.5% agarose gels
stained with ethidium bromide. Amplification curves were
visually inspected to set a suitable baseline range and
threshold level. To generate standard curves, various con-
centrations of cDNA, made from total RNA isolated from
human lymphoma-derived Jurkat cells, were used in each
PCR reaction. The number of cycles required to reach
the threshold fluorescence level was scored and used for
generating standard curves and interpolating mRNA con-
centration levels. The relative quantification method, in
which the ratio between the amount of target molecule
and a reference molecule within the same sample was calcu-
lated, was employed for quantfying target molecules
according to the manufacturer’s protocol. All measure-
ments were performed at least in duplicate. Levels of GAP-
DH mRNA was used to normalize the relative expression
levels of target mRNA. Expression values for mood disor-
der subjects were normalized by the mean of the value for
control subjects.

2.5. Dex/ICRH test

A few days after blood sampling for the RNA isolation
and basal cortisol determination, Dexamethasone (Dex)/
corticotropin-releasing hormone (CRH) test was per-
formed as previously reported (Matsubara et al., 2006).
Mood disorder patients were pretreated with an oral dose
of 1 mg of Dex (Asahikasei Pharmaceutical Corporation,
Tokyo, Japan) at 11:00 p.m. The next day intravenous can-
nulation was carried out at 12:30 p.m. and 100 ug of
human CRH (hCRH, Mitsubishi Pharma Corporation,
Tokyo, Japan) was administered intravenously at 1:00
p.m., immediately after the first blood collection. Blood
specimens were drawn through the intravenous catheter
15 min, 30 min, 60 min and 120 min later. Blood samples

- were immediately centrifuged and stored at —20 °C. Serum
level of cortisol and plasma level of ACTH were measured
with radioimmunoassay (SRL). We defined non-suppres-
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sors as those individuals whose post-CRH plasma cortisol
levels were more than § pg/dl.

2.6. Statistical analysis

Commercial software (SPSS version 11.5; Chicago, Illi-
nois) was used to perform data analysis. All data are
expressed as the mean =+ standard error of the mean
(SEM). Two group comparisons were performed using
the Student’s r-test. The other data were subjected to
one-way analysis of variance (ANOVA) followed by post
hoc analysis (Tukey test). In all cases, comparisons were
considered statistically significant for p < 0.05.

3. Results

Table 2 shows the demographic and clinical characteris-
tics of the subjects. The majority of the patients were on
medications. The mean ages were not significantly different
among major depressive disorder patients, bipolar depres-
sive patients or healthy control subjects (F=1.228,
df = 4.125, p = 0.303).

We first examined the expression levels of the GDNF
family members (GDNF, ARTN, NRTN, and PSPN) in
patients with mood disorder in a current depressive state
(Fig. 1). The gRT-PCR revealed that the expression of
GDNF mRNA was significantly decreased in major
depressive disorder patients compared with healthy control
subjects (F=5.472, df =2.58, p=0.005) (Fig. 1A). In
addition, ARTN mRNA was significantly decreased in
major depressive disorder patients compared with healthy
control subjects and bipolar disorder patients (F=4.147,
df = 2.58, p=0.037; p=0.049) (Fig. 1B). There was no
significant difference in the expression levels of GDNF
and ARTN mRNA between patients with bipolar disorder
in a current depressive state and healthy control subjects
(GDNF: F=5472, df=2.58, p=0214, ARTN: F=
4,147, df = 2.58, p=0.932) (Fig. 1A and B). There was
no significant difference in the expression levels of NRTN
and PSPN mRNAs among major depressive, bipolar disor-
der patients and healthy control subjects (NRTN: p = 0.67;
PSPN: p =0.282) (Fig. 1C and D).

Next, we examined the expression levels of BDNF,
NGF, NT-3 and NT-4 mRNAs in patients with mood

Table 1
Primer sequences used for quantitative real-time PCR
Forward primer (5'-3') Reverse primer (§'-3) Size (bp)

BDNF TGGCTGACACTTTCGAACAC AGAAGAGGAGGCTCCAAAGG 145
NGF CAACAGGACTCACAGGAGCA GTCTGTGGCGGTGGTCITAT 115
NT-3 GAAACGCGATGTAAGGAAGC CCAGCCCACGAGTTTATIGT 138
NT-4 CCTCCGCCAGTACTICTTTG TCAGATACCCAGTGCCTCCT 114
GDNF CCAACCCAGAGAATTCCAGA AGCCGCTGCAGTACCTAAAA 150
ARTN CTCTCCACACGACCTCAGC ATGAAGGAGACCGCTTGGTA 123
NRTN ACGAGACGGTGCTGTTCC GCAGCCCGAGGTCGTAGA n
PSPN CCGTAGGGAAGTTCCTGCT CCTTTGCCACCTGTTCAGAC 126
GAPDH CAGCCTCAAGATCATCAGCA TGTGGTCATGAGTCCTTCCA 106
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Table 2
Demographic and clinical charactenstcs of subjects
Control Patients
MDD BFD
n=28 Depressive n=20 Remissive n =40 Depressive n= 13 Remissive n =29
Age (years) 50.0= 18 523£3.5 57.1+£22 555435 53.6+2.6
Gender (Male/Female) 15/13 10/10 15/25 2 5/24
HDRS 25919 33+02 246211 29402
Serum cortisol (pg/dl) B6=08 10313 1.6x11 109+45 105+ 1.0
Dex-CRH test
Suppressor 8 7 3 2
Non-suppressor B 3 7 5
Medication
No medication 28 3 4 1 0
Antidepressants 0 17 36 9 14
Mood stabilizers 0 0 ] 10 27
MDD, major depressive disorder; BPD, bipolar disorder; HDRS, Hamiiton Depression Rating Scale.
A Gonr B o N A i B Bele
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Fig. 1. The mRNA expression of GDNF family members in mood
disorder patients in a depressive state, Quantitative real-time PCR
révealed decreased GDNF and ARTN mRNA expression only in MDD
patients (n = 20) compared with healthy control subjects (n = 28). MDD,
major  depressive  disorder; BPD, bipolar disorder. Values are
mean + standard error. : p<0.05; :p<0.01.

disorder in a current depressive state (Fig. 2). The expres-
sion levels of NT-3 mRNA was significantly decreased in
major depressive patients compared with healthy control
subjects (F=3.310, df = 2.58, p =0.034) (Fig. 2A). There
was no significant difference in the expression level of
NT-3 mRNA between patients with bipolar disorder in a
current depressive state and healthy control subjects
(F=3.31, df =2.58, p=0.675) (Fig. 2A). There was no
significant difference in the expression levels of BDNF,
NGF and NT-4 mRNAs among the three groups (BDNF:
p = 0.615; NGF: p=0.162, NT-4: p = 0.245) (Fig. 2B-D).

Healthy MDD BPD
Fig. 2. The mRNA expression of NT-3, BDNF, NGF, and NT-4 in mood
disorder patients in a depressive state, Quantitative real-time PCR
revealed decreased NT-3 mRNA expression only in MDD patients
{n=20) compared with healthy control subjects (n = 28). There was no
significant difference in the levels of BDNF, NGF, and NT4 mRNAs
among the three groups studied. MDD, major d:pr:s.swt disorder; BPD,
bipolar disorder. Values are mean + standard error. : p<0.05.

Healthy MDD BPD

We analyzed the effect of gender on the mRNA levels of
GDNF, ARTN, and NT-3 in patients with major depressive
disorder in a current depressive state and healthy controls.
Gender difference did not produce a significant effect on
GDNF, ARTN, and NT-3 mRNA expression of healthy
control subjects (GDNF: ¢ =-0.970, df =26, p=0.341,
ARTN: 1= —1.187, df = 26, p = 0.246, NT-3: r = —0.386,
df = 26, p = 0.703) and those of major depressive disorder
patients in a current depressive state (GDNF: ¢ = —0.919,
df = 18, p=0.370, ARTN: t = —0.984, df = 18, p = 0.338,
NT-3: t = —0.659, df = 18, p =0.519).
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To examine whether the altered expression levels of
GDNF, ARTN, and NT-3 mRNAs observed in a current
depressive state are state- or trait-dependent, the mRNA lev-
els of these factors were also examined in a remissive state.
The expression levels of GDNF, ARTN, and NT-3 mRNAs
in major depressive disorder patients in a remissive state
showed no significant differences compared with healthy
control subjects or bipolar disorder patients (GDNEF:
F=2296, df =2.94, p=0.106; ARTN: F=2.619, df =
294, p=0.078; NT-3:F=0.980, df =294, p=0.379)
(Fig. 3A-C). In addition, the expression levels of GDNF,
ARTN, and NT-3 mRNAs in bipolar disorder patients in
a remissive state showed no significant differences compared
with healthy control subjects or major depressive disorder
patients (GDNF: F=2.296, df = 2.94, p = 0.997; ARTN:
F=2.619,df = 2,94, p = 0.063; NT-3:F = 0,980, df = 2.94,
p=0.522) (Fig. 3A-C). We also examined the expression
levels of GDNF, ARTN, and NT-3 mRNA in same patients
with major depressive (n = 15) or bipolar disorder (n=29)
before and after remission. qRT-PCR revealed that the
expressions of these three mRNA were significantly
decreased in patients with major depressive disorder in a cur-
rent depressive state compared with those in a current remis-
sive state (GDNF: t = —2.704, df = 28, p=0.012, ARTN:
t=—3.241, df = 28, p = 0.030, NT-3: t = -2.151, df = 28,
p = 0.040). There was no significant difference in the expres-
sion levels GDNF, ARTN, and NT-3 mRNA between
patients with bipolar disorder in a current depressive and
depressive state (GDNF: r=—0.095, df = 16, p=0.925,
ARTN: = —0.655, df =16, p=0.522, NT-3: 1=0.778,
df = 16, p = 0.448). Importantly, there was no significant
difference in the treatment periods before remission between
major depressive disorder (2.93 & 0.36 months) and bipolar
disorder patients (2.78 & 0.4]1 months) (1= 0.274, df =22,
p = 0.787). In addition, there was no difference in the medi-
cation (imipramine equivalent) between patients with major
depressive disorder in a current depressive and remissive
state (1=0.120, df =28, p=0.906). Furthermore, there
was no correlation between expression levels of GDNF,
ARTN, or NT-3mRNA and medication (imipramine equiv-
alent) in same patients with major depressive disorder

(GDNF: r=0.186, p=0.326, ARTN: r=-0.130, p=
0.493, NT-3: r =0.048, p = 0.801). These data suggest that
the observed effects are likely to be due to the disease states.

There was no significant correlation between GDNF,
ARTN, or NT-3 mRNA levels and the serum cortisol con-
centration for healthy control subjects, major depressive dis-
order patients or bipolar disorder patients (data not shown).

To examine the association between GDNF, ARTN or
NT-3 mRNA levels and HPA axis activity; the mRNAs
levels for these three genes of mood disorder patients in a
current depressive state were compared between suppres-
sors and non-suppressors of the Dex/CRH test. There
was no significant difference in the expression level of the
mRNAs for these three genes between suppressors and
non-suppressors (data not shown).

4. Discussion

In the present study, we found the reduced expression of
GDNF, ARTN, and NT-3 mRNAs in peripheral white
blood cells of major depressive disorder patients in a cur-
rent depressive state. In contrast, these reductions of
GDNF, ARTN, and NT-3 mRNA expression were not
observed in major depressive disorder patients in a remis-
sive state. These results suggest that reduced expression
of GDNF, ARTN, and NT-3 mRNAs are state-dependent.

Importantly, this represents the first study showing a
reduced expression of ARTN mRNA in a depressive state,
but not in a remissive state of major depressive disorder.
ARTN is expressed in structures of the basal ganglia (sub-
thalamic nucleus, putamen and the substantia nigra), thal-
amus and many peripheral adult human tissues (Baloh
et al., 1998), and is a potent neurotrophic factor that
may play an important role in the structural development
and plasticity of ventral mesencephalic dopaminergic neu-
rons (Zihlmann et al., 2005). It is known that the GDNF
family ligands exert their effects through GDNF family
receptor a (GFRa) and Ret (Airaksinen et al., 1999). Four
distinct GFRas (GFRx1-4) have been reported (Airaksinen
et al., 1999). These molecules form a complex, containing
the GDNF family ligand and GFRa« homodimers, that

A GDNF B ARTN c NT-3
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Fig 3. The mRNA expression of GDNF, ARTN, and NT-3 in mood disorder patients in a remissive state. There was no significant difference in the levels
of GDNF, ARTN, and NT-3 mRNAs among the three groups studied. MDD, major depressive disorder; BPD, bipolar disorder. Values are
mean =+ standard error.
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brings two molecules of Ret together (Coulpier and Ibanez,
2004). Ret can then activate a variety of intracellular sig-
naling pathways, including Ras/mitogen-activated protein
kinase (MAPK); PI3K/AKT; RAC!/Jun NH2-terminal
kinase (JNK); p38MAPK and phospholipase Cy pathways
(Ichihara et al., 2004; Kodama et al., 2005), resulting in cell
survival, inflammation, differentiation and apoptosis. Con-
cerning the relationship between ARTN and disease, the
upregulation of ARTN mRNA expression is observed in
smooth muscle cells of arteries, Schwann cells, and neural
ganglia in chronic pancreatitis (Ceyhan et al., 2007), and
in the auditory nerve of deafened rats (Wissel et al,
2006). To our knowledge, however, there is no report indi-
cating the involvement of ARTN in the pathophysiology of
neuropsychiatric disorders. It is important to note that
both GDNF and ARTN bind to GFRal (Airaksinen
et al., 1999). Our present data showed both GDNF and
ARTN expression levels were reduced in patients with
major depressive disorder, suggesting that dysfunctions of
GFRu«l-mediated pathways may be involved in the patho-
physiology of major depression.

Our major finding i1s the reduced expression of two
GDNF family gene (GDNF and ARTN) mRNAs in
major depressive disorder. Recent postmortem brain
studies have shown a reduction of glia in different brain
structures of patients with mood disorders (Ongur
et al, 1998; Rajkowska et al., 1999; Hamidi et al,
2004). Although there are no reports showing an altered
expression of GDNF in the brains of patients with mood
disorders, a report showed the decreased levels of whole
blood GDNF in a remissive state of major depressive
and bipolar disorder patients (Takebayashi et al., 2006).
In contrast, increased serum GDNF immunocontent in
bipolar disorders was observed (Rosa et al., 2006). The
reason for this discrepancy is unclear, but one possible
speculation is racial differences between the Japanese
and Brazilian populations. Differences in the methodol-
ogy used for sample preparation and determination of
GDNF levels, such as ELISA (Takebayashi et al.,
2006) and Western blotting (Rosa et al., 2006) may also
account for this discrepancy.

- A growing body of evidence has implicated a role for
chronic or moderate oxidative stress in the pathogenesis
of mood disorders. Previous studies showed that increased
levels of malondialdehyde (a marker of lipid peroxidation)
(Kuloglu et al., 2002; Khanzode et al., 2003; Ozcan et al.,
2004), and decreased catalase levels (Ranjekar et al.,
2003; Ozcan et al., 2004) were observed in the peripheral
blood of mood disorder patients. Moreover, increased lev-
els of oxidative DNA damage was reported in the periphe-
ral blood of major depressive disorder patients (Forlenza
and Miller, 2006). These results suggest an increased oxida-
tive stress status in mood disorders. Importantly, GDNF
blocked the DNA cleavage induced by bleomycin sulphate
and L-buthionine-[S,R}sulfoximine exposure in cultured
mesencephalic neurons (Sawada et al., 2000), and reduced
oxidative stress-induced cell death (Gong et al., 1999; Toth

et al., 2002; Ugarte et al., 2003). Interestingly, increased
levels of apoptosis have been observed in peripheral blood
lymphocytes of depressive patients (Eilat et al., 1999; Iva-
nova et al., 2007). In addition, in a postnatal primary cul-
ture of mesencephalic dopaminergic neurons, GDNF
supports their viability by suppressing apoptosis (Burke
et al., 1998). Taken together, these data indicate that the
reduced expression of GDNF mRNA may contribute to
oxidative stress-induced cell death and apoptosis in periph-
eral blood cells of mood disorders, and this might be one of
the mechanisms of immune inadequacy in mood disorders
(Riccardi et al., 2002).

NT-3 mRNA and protein levels have been observed to
be decreased in the hippocampus in a postmortem study
(Dwivedi et al., 2005). In addition, increased levels of
NT-3 in the cerebrospinal fluid of major depressive patients
were reported (Hock et al., 2000). In peripheral blood,
serum NT-3 levels were increased in bipolar disorder
patients during a depressive state (Walz et al., 2007), and
this data could not be replicated by our present study. Walz
et al. (2007) speculated that the increased levels of NT-3
was due 10 a compensation to the decreased BDNF level.
Our data showed decreased levels of NT-3 in a depressive
state in major depressive disorder, but not for BDNF.
The reason for this discrepancy is unclear.

A limitation of our study is that the majority of the
patients were on medication, thus we can not exclude
the influence of medication on the expression levels of
the neurotrophic factors studied. A previous report
indicated no alteration of the level of GDNF in the hip-
pocampus of mice upon chronic treatment with antide-
pressants (Chen et al., 2001), whereas the increased
expression of GDNF has been reported in cultured cells
upon treatment with both antidepressants and mood sta-
bilizers (Hisaoka et al., 2001; Castro et al., 2005). In addi-
tion, NT-3 levels have been reported to be decreased by
chronic treatment with antidepressants which blocked
norepinephrine uptake in the locus coeruleus of rats
(Smith et al., 1995). In our study, however, expression lev-
els of GDNF, ARTN, and NT-3 mRNA are only affected
in the depressive state, but not in the remissive state. In
addition, we found that there was significant difference
in the expression levels of the GDNF, ARTN, and NT-
3 mRNA in same patients with major depressive disorder
before and after remission, although these two patient
groups received similar medications. It is important to
note that there was no correlation between expression lev-
els of GDNF, ARTN, or NT-3 mRNA and medications
in same patients with major depressive disorder before
and after remission. These results suggest that there is
no effect of medications on the expression of these three
mRNAs, and the observed effects are likely 1o be due to
the disease states.

Several lines of evidence have suggested that glucocorti-
coid hormone or GR affect the expression levels of GDNF
and NT-3 mRNA (Barbany and Persson, 1992; Verity
et al., 1998; Baecker et al., 1999; Hansson et al., 2000). It
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is important to note that reduced expression of GRa has
also been observed in the cerebral cortex, hippocampus,
and amygdala in mood disorder patients (Webster et al.,
2002; Knable et al., 2004; Perlman et al., 2004). Further-
more, we previously reported that the expression of GRx
mRNA is also reduced in peripheral white blood cells of
mood disorder patients (Matsubara et al., 2006). These
observations raise the possibility that dysfunction of GR
in peripheral blood plays a causal role in the aberrant
GDNF and NT-3 expression in mood disorder patients.
However, present our study indicated that there was no dif-
ference in the expression levels of GDNF and NT-3
mRNA between suppressors and non-suppressors of the
Dex/CRH test or even in cortisol levels between mood dis-
orders and healthy controls. Furthermore, it is important
to mention that some antidepressants alter the expression
of GR (Pariante and Miller, 2001). Thus, the involvement
of GR in the aberrant transcriptional regulation of certain
neurotrophic factors in patients with major depressive dis-
order remains unclear, Further studies are needed to clarify
the aberrant transcriptional mechanisms of both GDNF
and NT-3 expression in patients with major depressive
disorder.

In conclusion, our results suggest that the changes in the
expression levels of GDNF, ARTN, and NT-3 mRNAs in
peripheral white blood cells might be state-dependent and
associated with the pathophysiology of major depression.
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ABSTRACT

Recent postmortem brain and imaging studies provide evidence for disturbances of structural and synaptic
plasticity in patients with mood disorders. Several lines of evidence suggest that the cell adhesion molecules
(CAMs), neural cell adhesion molecules (NCAM) and L1, play important roles in both structural and synaptic
plasticity. Although postmortem brain studies have indicated altered expression levels of NCAM and L1, it is
still unciear whether these changes are state- or trait-dependent. In this study, the mRNA levels for various
CAMs, including NCAM and L1, were measured using quantitative real-time PCR in peripheral blood cells of
major depressive disorder patients, bipolar disorder patients and normal healthy subjects. Reduced
expression levels of NCAM-140 mRNA were observed in bipolar disorder patients in a current depressive
state. In contrast, L1 mRNA levels were increased in bipolar disorder patients in a current depressive state.
NCAM-140 and L1 mRNA levels were not changed in bipolar disorder patients in a remissive state, or in major
depressive disorder patients. In addition, there were no significant changes in the expression levels of
Intercellular adhesion molecule -1, vascular cell adhesion molecule -1, E-cadherin, or integrin aD among
healthy controls, major depressive or bipolar disorder patients. OQur results suggest that the reciprocal
alteration in the expression of NCAM-140 and L1 mRNAs could be state-dependent and associated with the

pathophysiology of bipolar disorder.

© 2008 Elsevier Inc. All rights reserved.

1. Introduction

Brain imaging studies have indicated altered volumes of the
hippocampus, prefrontal cortex or amygdala in patients with major
depression, bipolar disorder or schizophrenia (Drevets et al., 1997;
Nelson et al, 1998; Sheline et al, 1599; Wright et al, 2000),
Furthermore, postmortem brain studies have reported anatomical
alterations such as neuronal/glial atrophy and a reduction in the
central nervous system of patients with mood disorders (Ongur et al,,
1998; Cotter et al, 2001; Drevets, 2003). These data suggest the
aberrant alteration of structural and synaptic plasticity in mood
disorders. However, the exact pathways and mechanisms for the
pathophysiology of mood disorders have not been fully characterized.

Cell adhesion molecules (CAMs) play crucial roles in cell-cell
interactions, which form the basis for the organization of cells and

Abbrevictions: BPD, bipolar disorder; CAM, cell adhesion molecule; GAFDH,
glyceraldehydes-3-phosphate dehydrogenase; HDRS, Hamilton depression rating
scale; HPA, hypothalamic-pituitary-adrenal: MDD, major depressive disorder; NCAM,
neural cell adhesion molecule; PBMCs, peripheral blood monocyte cells.

* Corresponding author. Tel.: +81 836 22 2255; fax: +81 836 22 2253

E-mail addres: yoshiwat@yamaguchi-wacp (Y. Watanabe).

D278-5845(3 - see front matter © 2008 Elsevier Inc. All rights reserved.
doi:10.1016/] prpbp.2008.03.005

tissues, Neural cell adhesion molecule (NCAM) and L1 are members of
the immunoglobulin superfamily and play important roles in
structural and synaptic plasticity in the brain (Martin and Kandel,
1996; Schachner, 1997; Benson et al., 2000; Sandi, 2004).

NCAM Is composed of three major isoforms: NCAM-180, -140 and
=120 (Hemperly et al.. 1990; Ricard et al, 1999). These molecules are
involved in multiple neurobiological functions (Kiss and Muller, 2001;
Sandi, 2004). The NCAM-180 and -140 isoforms are transmembrane
proteins, whereas the NCAM-120 isoform is an extracellular polypep-
tide attached to the cell surface via a glycosyl phosphatidyleinositol
lipid anchor. The NCAM-180 and -120 isoforms are mainly expressed
in the brain, whereas the NCAM-140 isoform is widely expressed in a
number of organs (Gennarini et al, 1986; He et al., 1986; Hemperly
et al, 1986; Murray et al., 1986; Sadoul et al., 1986). NCAM and L1 have
important roles in cell-cell adhesion, intracellular signaling and in-
teractions with growth factor receptors through homophilic (NCAM-
NCAM or L1-L1) and heterophilic (NCAM~L1) binding (Sandi, 2004).

Several lines of evidence have indicated that altered expression of
INCAM and L1 was observed in patients with mood disorders. Variable
alternative spliced exon (VASE)-NCAM, which leads to a down-
regulation of synaptic plasticity, was increased in the prefrontal cortex
and hippocampus of patients with bipolar disorder [Vawter et al.,
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1998), In addition, levels of secreted exon (SEC)}-NCAM were increased
in the hippocampus of patients with bipolar disorder (Vawter et al.,
1999). Furthermore, NCAM protein levels were increased in the
cerebrospinal fluid (CSF) of patients with major depressive disorder
and bipolar disorder (Poltorak et al., 1996). Alterations in the protein
levels of L1 in the brains of patents with mood disorders are
controversial. The expression of L1 mRNA and protein was reported to
be increased in the prefrontal cortex, but decreased in the ventral
parieto-occipital cortex, in patients with major depression (Laifenfeld
et al. 2005b). However, another study reported a lack of any
significant change of L1 protein in the prefrontal cortex of patients
with major depressive disorder and bipolar disorder (Webster et al,
1999). Also, it is still unclear whether alterations in the levels of NCAM
and L1 in mood disorders are state- or trait-dependent.

Previously, we and others have reported that the reduced
expression of glucocorticoid receptor (GR), which plays important
roles in the negative feedback of the HPA axis and adaptation to stress
(Holsboer, 2000; Pariante and Miller, 2001), was observed in
peripheral blood cells and postmortem brains of patients with mood
disorders (Webster et al., 2002; Knable et al,, 2004; Perlman et al,
2004; Torrey et al., 2005: Martsubara et al,, 2006). Aberrant regulation
and function of GR are thought to be involved in the pathophysiology
of stress-related disorders including mood disorders, anxiety disorder
and post-traumatic stress disorder in human, and are also associated
with stress-induced alterations of neural plasticity such as shrinkage
of neural dendrites and suppressed neurogenesis in rodents (de Kloet
et al, 1998; McEwen, 1999; Sapolsky, 2000; Gass et al. 2001).
Importantly, the expression levels of NCAM and L1 are considered to
be regulated through glucocorticoid-mediated pathways, although
the detailed molecular mechanisms of this regulation are still unclear
(Grant et al, 1996; Simpson and Morris, 2000: Sandi, 2004). These
observations prompt us to speculate the possibility that the mRNA
levels of NCAM and L1 would be altered by the reduced expression of
GR observed in patients with mood disorder.

In the present study, we assessed the mRNA levels of NCAM, L1 and
other CAMs in peripheral white blood cells of depressive patients with
mood disorders. Furthermore, to examine whether the altered mRNA
levels of CAMs are state- or trait-dependent, we also assessed them in
patients in a remissive stare.

2. Materials and methods
2.1. Subjects

Major depressive and bipolar disorder patients were diagnosed
according to the criteria in the Diagnostic and Statistical Manual of
Mental Disorders, fourth edition (DSM-IV; American Psychiatric Assodia-
tion, 1994). These included both outpatients and inpatients of the Division
of Neuropsychiatry of the Yamaguchi University Hospital. The extent of
the depressive state was assessed by a 21-jtem “Hamilton Depression
Rating Scale” (HDRS). Subjects were classified as under a current
depressive state when they showed a score of more than 18 on HDRS
and met the DSM-IV criteria for a major depressive episode. Subjects were
classified as being in remission when they showed a score of less than 6
on HDRS and did not show any symptoms of a major depressive episode
in the DSM-IV criteria for more than 2 months. A group of individuals
with mood disorder in a current depressive state was assessed every two
months for 6 months to investigate alterations in gene expression during
recovery from depressive states. Individuals were excluded from the
present study if they had abnormal physical examinations or abnormal
results for routine medical laboratory tests such as a complete blood
count, renal, liver and thyroid function. Female subjects who were
pregnant or took oral contraceptives were also excluded. All healthy
control subjects were screened to exclude significant current or past
medical or neurological illness, significant alcohol or drug abuse and past
or current Axis I psychiatric illness. This protocol was approved by the
Institutional Review Board of Yamaguchi University Hospital. Informed
written consent was obtained for all subjects.

22. Blood sample preparation, RNA isolation and cDNA synthesis

Blood sample preparation, total RNA isolation and cDNA synthesis
were performed as previously described (Matsubara et al,, 2006). In brief,
blood was obtained by venipuncture between 10:00 am. and 11:00 am.
and processed for total RNA purification from peripheral blood cells using
the QlAamp RNA Blood Mini Kit (Qiagen, Chatsworth. CA. USA) according
to the manufacturer’s manual. One microgram of total RNA was used for
¢DNA synthesis by random hexamer primers and Ominiscript Reverse
Transcriptase (Qjagen). Human brain cDNA was commercially obtained

A Exons 13 14 18 17 18 19
18F2
18F == == —1B-10F
NCAM-180 Sy 1
19R4 — —10R3
1R —
NCAM-140 o] |
19R2— —18R
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15Rz — 1R
B
NCAM-120 NCAM-140 NCAM-120
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Fig 1. Schematic diagram of the 3 region of the three NCAM Isoforms mRNA (A} The commanly used exans for each isoform are filled with the same patterns. The positions of PCR
primers used in RT-PCR are indicared with a black line with the primer name. RT-PCR revealed that the expression of mRNA for the three NCAM isoforms was defected in human
brain. In contrast, the expression of NCAM-120 and -180 mRNA was not observed in human PEMCs, although NCAM-140 mRNA expression was detected (B). PEMCs, peripheral blood

monocyte cells.
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(FirstChoice™ PCR-Ready Human Brain cDNA; Ambion, Foster City,
CA, USA). The cDNA was stored at ~80°C until further use.

2.3. Quantitative real-time polymerase chain reaction

Quantitative real-time polymerase chain reaction (qRT-PCR) was
performed in an Applied Biosystems 7300 Fast Real-Time PCR System
with SYBR green PCR master mix (Applied Biosystems, Foster City, CA,
USA} according to the manufacturer’s manual. PCR conditions were
15 min at 95°C, 40 to 50 cycles of 15 s at 95°C and 30 s at 60°C. The
position and sequences of the PCR primers on the NCAM gene to detect
each specific-NCAM isoform are described in Fig. 1A and Table 1,
respectively. Primer sequences for other CAMs were: L1 forward,
GCCAAAGGAGACAGTGAAGC, L1 reverse, GTCCTGCTTGATGTGCAAGA;
ICAM-1 forward, CAAGGCCTCAGTCAGTGTGA: ICAM-1 reverse,

CCTCTGGCTTCGTCAGAATC; VCAM-1 forward, AAGATGGTCGT-
GATCCTTGG; VCAM-1 reverse, GGTGCTGCAAGTCAATGAGA; E-cadherin
forward, GAACGCATTGCCACATACAC; E-cadherin reverse, ATTCGGG-
CTTGTTGTCATTC; ITGAD forward, ATTTGGGGGATACAGGAAGG; ITGAD
reverse, AGAAGCAGCTGCAGGAGAAG. The amplification of the single
PCR product was confirmed by monitoring the dissociation curve and
electrophoresis on 1.5% agarose gels stained with ethidium bromide.
Amplification curves were visually inspected to set a suitable baseline
range and threshold level. To generate standard curves, various
concentratons of cDNA, made from total RNA isolated from human
lymphoma-derived Jurkat cells, were used in each PCR reaction. The
number of cycles required to reach the threshold fluorescence level was
scored and used for generating standard curves and interpolating mRNA
concentration levels. The relative quantification method, in which the
ratio between the amount of target molecule and a reference molecule
within the same sample was calculated, was employed for quantifying
target molecules according to the manufacturer’s protocol. All measure-
ments were performed, at least. in duplicate. GAPDH mRNA levels were

uséd for normalization. The PCR primers of GAPDH were: forward,’

CAGCCTCAAGATCATCAGCA; reverse, TGTGGTCATGAGTCCTTCCA.
Expression values for mood disorder subjects were normalized by the
mean of the value for control subjects.

2.4. Serum cortisol determination

Serum cortisol concentrations were measured via radioimmu-
noassay by the SRL Corporation (Tokyo, Japan).

Table 1

NCAM PCR primers

Lane Primer name Exon Direction Sequence (5'-3")

NCAM-120

" 1'4 13F 13 Forward GGGAACCCAGTGCACCTAAG

15R 15 ‘Reverse GAGCAAMAGAAGAGTCAC

2.5 14F 14 Forward GAACCAGCAAGGAAAATCCA
15R 15 Reverse GAGCAAAAGAAGAGTCAC

3.6 14F 14 Forward GAACCAGCAAGGAAAATCCA
1582 15 Reverse GAAGAGTCACTGCAGAGAAAAGC

NCAM- 140

7.9 17F 17 Forward GAGTCCAAGGAGCCCATC
198 19 Reverse TCIGTGTGGCGTCATTG

8,10 17F2 17 Forward AACCATGATGGAGGGAAACA
19R2 18 Reverse GGCTTCGTTTCTGTCTOCTG

NCAM- 180

11,14 18F 18 Forward AGATATTGACCTTGCAAAGGATG
198 19 Reverse TCTGTGTGGCGTCATTG

12,15 18-19F 18-19 Forward CCAGCAAAGACCGAGAAG
1983 19 ‘Reverse ATTGGGGACCGTCTTCACTT

13,16 18F2 18 Forward CTGAGCTTGCTCCTTCCALT
1984 19 Reverse TTCTGTCTCCTGGCACTCTG

The positions of the primers are shown in Fig. 1.
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Table 2
Demographic and clinical charactenstics of subjects
Control Patients
MDD BPD
Dep i ; o i B
n=28 n=20 n=40 n=13 n=29

Age (years) 500:18 523236 571222 555237 538127
Gender (maleffemale)  15/13 10/10 1525 2/l 6/23
HDRS 2559£19 3302 246211 28202
Serum cortisol (ug/dl) 85209 10314 11210 109455 101411
Dex-CRH test

Suppressor 8 7 3 2

Nonsuppressor 8 i 7 5
Medication

No medication 28 3 4 1 o

idh 0 17 36 8 14

Mood stabilizers ] 0 1] 10 27
MDD, major depressive disorder; BPD, bipolar disorder; HDRS, Hami|
Rating Scale.
2.5, Dex/CRH test

A subgroup of subjects in a current depressive state underwent the
Dex/CRH test as previously reported, with minor modifications
(Matsubara et al., 2006; Heuser et al.. 1996). Mood disorder patients
were pretreated with an oral dose of 1 mg of Dex [Dexamethasone,
Asahikasei Pharmaceutical Corporation, Tokyo, Japan) at 11:00 p.m.
The next day intravenous cannulation was carried out at 12:30 p.m. and
100 pg of human CRH (hCRH, Mitsubishi Pharma Corporation, Tokyo,
Japan) was administered intravenously at 1:00 P.M., immediately after
the first blood collection. Blood specimens were drawn through the
intravenous catheter 15 min, 30 min, 60 min and 120 min later. Blood
samples were immediately centrifuged and stored at -20°C Serum
levels of cortisol and ACTH were measured with radicimmunoassay
(SRL). We defined non-suppressors as those individuals whose post-
CRH serum cortisol levels were more than 5 pg/dl.

2.6. Staristical analysis

Commercial software (SPSS version 11.5; Chicago, Illinois) was
used to perform data analysis. All data are expressed as the means
standard error of mean (SEM). For analysis of two groups, data were
subjected to the Student’s £ test. For analysis of three or more groups,
data were subjected to one-way analysis of variance (ANOVA)
followed by post hoc analysis (Dunnett test). The Spearman correlation
was calculated to assess the correlation between data. In all cases,
comparisons were considered statistically significant for p<0.05.

3. Results

3.1. The mRNA expression pattern of three NCAM isoforms in peripheral
blood cells

The three major isoforms of NCAM, generated by alternative
splicing from a single NCAM pre-mRNA, are expressed in the brain
(Hemperly et al, 1990; Ricard et al, 1999). However, the mRNA
expression pattern of these NCAM isoforms in peripheral white blood
cells is not known. Therefore, we examined the expression of the
mRNA for these NCAM isoforms in peripheral white biood cells using
reverse transcription-PCR (RT-PCR). The locations and sequences of

- the PCR primer sets are described in Fig. 1A and Table 1, respectively.

To detect the expression of specific-NCAM isoform mRNA, multiple
PCR primers were constructed in the positions of isoform-specific
exons or splice junctions (Fig. 1A). In addition, human brain cDNA was
used as a positive control RT-PCR showed that the expression of
NCAM-180, -140 and -120 isoform mRNAs were detected in human
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brain, while only NCAM-140 isoform mRNA was detected in human
peripheral white blood cells (Fig. 1B).

3.2. Demographic and clinical characteristics of subjects

Table 2 shows the demographic and clinical characteristics of the
subjects used in this study. The mean ages were not significantly
different among major depressive disorder patients, bipolar depres-
sive patients and healthy control subjects (F=1228, df=4.125,
p=0.303). Levels of serum cortisol were not significantly different
among the three groups (F=0.833, df=4,55, p=0510). Table 3 shows
the summarized profile of medication for longitudinally followed
subjects with bipolar disorder.

3.3. The expression levels of NCAM-140 and L1 mRNA in mood disorder
patients

The expression levels of NCAM-140 mRINA were examined in patients
with mood disorder in a current depressive state. qRT-PCR revealed that
the expression levels of NCAM- 140 mRNA were significantly decreased in
bipolar disorder patients compared with healthy control subjects and
major depressive disorder patients (F=522, df=2.58, p=0.008, post hoc
p=0.008) (Fig. 2A). There were no significant differences in the
expression levels of NCAM-140 mRNA between major depressive
disorder patients and healthy control subjects (p=1.00) (Fig. 2A). In
contrast, in a remissive state, bipolar disorder patients did not show any
differences in the expression levels of NCAM-140 mRNA compared with
healthy control subjects and major depressive disorder patients.
(F=0.724, df=2,94, p=0.590) (Fig. 2A). There was no significant correla-
tion between NCAM-140 mRNA levels and serum cortisol concentrations
in healthy control subjects, major depressive disorder patients and
bipolar disorder patients in a current depressive state (data not shown).

In contrast to NCAM-140, the expression levels of L1 mRNA were
significantly increased in bipolar disorder patients in a current
depressive state compared with healthy control subjects and major
depressive disorder patients in a current depressive state (F=8.307,
df=2,58, p=0.001, post hoc p=0.001) (Fig. 2B). There were no
significant differences in the expression levels of L1 mRNA between
major depressive disorder patients in a current depressive state and
healthy control subjects (p=0923) (Fig. 2B). The expression levels of
L1 mRNA in bipolar disorder patients in a remissive state showed no
significant difference compared with healthy control subjects and
major depressive disorder patients in a remissive state (F=0.783,
df=294, p=0460) (Fig. 2B). There was no significant correlation
between L1 mRNA levels and serum cortisol concentrations of healthy
control subjects, major depressive disorder patients and bipolar
disorder patients in a current depressive state (data not shown).

Table 3
Summarized profile of medication for longitudinally followed subjects with bipelar
disorder

Mood stabilizers Treatrent period (Months)
o 2 4 6
Antidepressants alone - 2 4 3 2
Antidepressants + u -2 2 2 2
mood stabilizers VPA 3 1
U+VPA 2 1
VPA+CBZ 1
Mood stabilizers alone VPA 1 2 1 1
CHZ
Li+VPA 1
Li+CBZ 1 1
VPA+CEZ 1 1 1
No medication -
Total number 13 10 9 8

Li, lithium carbonate; VA, sodium valp CBZ c
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Fig. 2. The expression levels of NCAM-140 and L1 mRNA in mood disorder patients.
Reduced expression levels of NCAM- lwmmsminﬁmmmmﬂmb
in a current depressive state, but not in bipolar di ina issive state,
m&m‘iwmmmmmtemmwmmﬂmma
remissive state compared with healthy control subjects (A). Increased expression levels
ufummshmmblpnludmﬂpammnammntupxmhem but
not in bipolar disorder pati ina i state, major dep pati ina
current depressive state and major dep ina issive state comp
with healthy control subjects (B). MDD, majoc depressive disorder; BPD. bipolar
fisorder, Values are error. *p<001.

To further investigate whether NCAM-140 and L1 mRNA levels
vary during recovery from a depressive state, bipolar disorder patients
in a current depressive state were assessed for NCAM-140 and L1
mRNA expression every 2 months for 6 months (0 M, 2M,4M and 6 M
indicate 0, 2, 4 and 6 months recovery period, respectively). The
decreased expression levels of NCAM-140 mRNA were observed in0M
compared with healthy controls (F=4.518, df=4,63, p=0.003, post hoc
p=0.001), but notin 2 M, 4 M and 6 M (2 M, p=0.385; 4 M, p=0.070;
6 M, p=0.553) (Fig. 3A), Similar to NCAM-140, the increased
expression levels of L1 mRNA compared with healthy controls were
observed in only 0 M (F=3.387, df=4,63, p=0.014, post hoc p=0.008),
butnotin 2 M, 4 Mand 6 M (2 M, p=1.00; 4 M, p=0944; 6 M,
p=0,146) (Fig. 3B). The Hamilton Depression Rating Scale (HDRS) score
was significantly reduced at 2 months in bipolar disorder patients
(F=19.6, df=3,35, p<0.01) (Fig. 3C). Thus, the reduced expression of
NCAM-140 and the increased expression of L1 mRNAs would be state-
dependent in bipolar disorder patients.

3.4. Relationship between CAMs (NCAM-140, L1) and the HPA axis

Next, we examined whether the altered expression levels of NCAM-
140 and L1 mRNAs are correlated with GRee mRNA levels or the HDRS
score. There was no significant correlation between GRox mRNA levels
and NCAM-140 or L1 mRNA levels in bipolar disorder patients in a
current depressive state (r=-0.198, p=0.517, r=-0.052, p=0.865,
respectively) (data not shown). There was 2 significant correlation
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between HDRS scores and NCAM-140 mRNA levels in patients with
bipolar disorders (r=-0.411, p=0.008), whereas no significant correla-
tion was observed between HDRS scores and L1 mRNA levels (r=-0.042,
p=0.797) (data not shown).

To examine the association between NCAM-140 or L1 mRNA levels
and HPA axis regulation, NCAM-140 and L1 mRNA levels of patients
with major depressive disorder and bipolar disorder in a current
depressive state were compared between suppressors and non-
suppressors of the Dex/CRH test. Non-suppressors showed a sig-
nificant decrease of NCAM-140 mRNA expression, but not L1 mRNA,
compared with suppressors (f=2346, df=24, p=0.028, t=-0.531,
df=24, p=0600, respectively) (Fig. 4).

3.5. The expression levels of other CAMs mRNA in mood disorder patients

Previous reports have indicated the increased expression of
intercellular adhesion molecule-1 (ICAM-1) and vascular adhesion
molecule-1 (VCAM-1) in post mortemn brains of bipolar disorder
patients or major depression in the elderly patients (Thomas et al.,
2002, 2004). In addition, cadherin and integrin are also well known to
be associated with structural plasticity in the brain. Therefore, we also
examined the expression levels of the mRNA for these CAMs in mood
disorder patients. There were no significant differences in the
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Fig. 3. The expression levels of NCAM-140 and L1 mRNA in bipolar disorder patients
during recovery from a depressive state. Reduced expression levels of NCAM-140 mRNA
were not observed at 2, 4 and 6 months in bipolar disorder patents (A). Similarly,
increased expression levels of L1 mRNA were not observed at 2, 4 and & monthe in
bipolar disorder patients (B). HDRS value of bipolar disorder patients was significantly
reduced at 2, 4 and 6 months compared with 0 month (C). HDRS. Hamilton Depressive
Rating Scale; 0OM, 2 M. 4 Mand 6 M, 0, 2, 4 and & months recovery period, respectively.
Values mean #standard error. *p<0.035; *p<0.01L
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Fig. 4. Companison of the expression levels of NCAM-140 and L1 mRNA between

suppressors and non- suppttmrs of Dex/CRH test. There was a significant difference in

NCAM-140 mRNA exp of mood disord ! bmnotfurLl Sup.
PP s; Non-Sup, non-supp: s. Values are meanz ard error, *p<0.05.

expression levels of ICAM-1 (F=0338, df=258, p=0.715), VCAM-1
(F=0.760, df=2.58, p=0.472), E-cadherin (F=1.005, df=2.58, p=0.372)
or integrin a D (F=0.751, df=2,58, p=0477) between the mood
disorder patients in a current depressive state and healthy controls
(data not shown).

4. Discussion

In the present study, we examined the mRNA expression levels of
structural and synaptic plasticity-associated CAMs in mood disorder
patients, Our main finding is the significant alterations in the
expression levels of NCAM-140 and L1 mRNAs in bipolar disorder
patients. Even in this group of subjects, the decreased expression levels
of NCAM-140 mRNA and increased expression levels of L1 mRNA were
specifically observed in a depressive state, These results suggest that
the reciprocal alteration of NCAM-140 and L1 mRNA expression in
peripheral white blood cells is state-dependent in bipolar disorders.
Moreover, a significant correlation between HDRS scores and NCAM-
140 mRNA levels in bipolar disorders supports this idea.

In contrast, any significant difference was not observed in the
expression levels of NCAM-140 or L1 mRNA of major depressive dis-
order patients compared with healthy control subjects. Recent studies
have demonstrated the pathophysiologic distinctions between bipolar
and major depression (Soares and Mann, 1997: Vawter et al.. 2000;
Beyer and Krishnan, 2002). For instance, increased expression of
VASE-NCAM and SEC-NCAM isoforms were shown in postmortem
brains of bipolar disorder patients (Vawter et al., 1998, 1999; Vawter,
2000). Furthermore, a genetic study has indicated that a single
nucleotide polymorphism of the NCAM gene displays a significant
association with bipolar disorder but not with major depressive
disorder in Japanese individuals (Arai et al., 2004). Thus, these results
support the idea that NCAM is more relevant to the pathophysiology
of bipolar disorder than that of major depressive disorder.

We have previously shown a reduced expression of GRa mRNA in
mood disorder patients in both a depressive and a remissive state
(Matsubara et al., 2006). In this study, the expression levels of NCAM
and L1 mRNA was not changed in a remissive state. In addition, we did
not find any significant correlation in the expression levels between
GRox mRNA and NCAM or L1 mRNA in mood disorder patients in a
current depressive state. These data suggest that the alteration of
NCAM-140 and L1 mRNA expression in bipolar disorder patients is not
likely to be due to aberrant regulation of GR, although previous
reports have suggested that NCAM expressian is regulated by a GR-
mediated pathway (Sandi, 2004). It has been reported that transform-
ing growth factor-f (TGF-3) (Roubin et al., 1990) and neural restrictive
silencer factor (NRSF; also known as REST) (Schoenherr and Anderson,



