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Reduced Glucocorticoid Receptor o Expression in
Mood Disorder Patients and First-Degree Relatives

Toshio Matsubara, Hiromasa Funato, Ayumi Kobayashi, Masaaki Nobumoto, and Yoshifumi Watanabe

Background: ndividuals with mood disorders exhibit altered function of the hypothalamic-pituitary-adrenal (HPA) axis in response
1o stress. The glucocorticoid recepior (GR) plays an tmportant role in the negative feedback regulation of the HPA axis. There are two
protein isoforms of GR, GRo and GRB, which bave distinct biological activity. It has not been examined whether GRo messenger KNA
(mRNA) and GRP mRNA expressions are altered in peripheral blood cells of mood disorder patients.

Metbods: Using quantitalive reverse transcription polymerase chain reaction (RT-PCR), GRo. mRNA and GRB mRNA were measured
in peripheral blood cells of major depressive disorder patients (depressive n = 18; remissive n = 38), bipolar disorder patients
(depressive n = 13; remissiven = 35), normal control subjects (n = 31), and first-degree relatives of major depressive (n= 17) and
bipolar (n = 15) disorder patienls.

Results: Reduced expression of GRe mRNA was shown in both bipolar and major depressive disorder patients in a current depressive
state as well as in remission. First-degree relatives of bipolar disorder patients also showed GRo mRNA reduction. Altered GRB mRNA
expression was not found in mood disorder patients.

Conclusions: Our resulls suggest that reduced GRo mRNA expression might be trait-dependent and associated with the pathophys-

iology of mood disorders.

Key Words: Glucocorticoid receptor isoforms, a, B, mood disorder,
first-degree relatives of mood disorders, HPA axis, trait-marker,
DEX/CRH test

the hypothalamic-pituitary-adrenal (HPA) axis, such as in-

creased concentration of plasma cortisol and blunted sup-
pression to dexamethasone as measured by the dexamethasone
suppression test and dexamethasone/corticotropin-releasing
hormone (DEX/CRH) test (Arborelius et al 1999; Holsboer 2001;
Nestler et al 2002; De Kloet 2003). Although the molecular
mechanism of aberrant regulation of the HPA axis in mood
disorder patients remains unclear, one candidate is the dysfunc-
tion of the glucocorticoid receptor (GR), which plays an impor-
tant role in the negative feedback of the HPA axis and adaptation
to stress (Holsboer 2000; Pariante and Miller 2001). Glucocorti-
coid receptor, a member of the nuclear receptor superfamily
proteins, binds glucocorticoids in the cytoplasm and then trans-
locates into the nucleus to work as a transcription factor,
resulting in inhibition of secretion and synthesis of both cortico-
tropin-releasing hormone (CRH) and adrenocorticotropic hor-
mone (ACTH). In addition to the role on the HPA axis, GR
expressed broadly throughout the brain is thought to modulate
various neural functions such as learning and memory (Karst et
al 2000; Lupien et al 2005). In response to stress, GR is associated
with stress-induced effects on the brain, including shrinkage of
neural dendrites, suppressed neurogenesis, and reduced seroto-
nin metabolism (Lopez et al 1998; McEwen 2000; Sapolsky et al
2000; De Kloet 2003).

There are two protein isoforms of GR, GRa and GRB,
produced by alternative splicing. In contrast to GRe, which

I ndividuals with mood disorders often exhibit hyperactivity of
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exerts glucocorticoid effects, GRB is not able to bind glucocor-
ticoids and is thought to form a heterodimer with GRa to exert
a dominant-negative effect on GRa-mediated transcription
(Ozkley et al 1999; Vottero and Chrousos 1999). The proposed
role for GRB can explain the finding that enhanced expression
of GRB was associated with glucocorticoid resistance in
allergic disease (Bamberger et al 1995; Leung et al 1997; Sousa
et al 2000; Webster et al 2001). In addition, GRB was reported
to inhibit apoptosis induced by glucocorticoids in vitro (Strick-
land et al 2001), although the biological function of GR@
remains controversial (Carlstedt-Duke 1999; Vottero and Chrou-
505 1999).

Recently, reduced expression of GRo messenger- RNA
(mRNA) on postmortem brains has been reported in the
distinct regions of the cortex and hippocampus of major
depressive disorder and bipolar disorder brains (Webster et al
2002; Knable et al 2004; Perlman et al 2004). In line with
aberrant expression of GRa mRNA in the brain, lymphocytes
of depressed patients showed reduced response to dexameth-
asone (Wodarz et al 1991, 1992; Calfa et al 2003) and a
reduced number of glucocorticoid binding sites (Gormley et al
1985; Whalley et al 1986; Yehuda et al 1993), although the lack
of alteration in glucocorticoid binding sites was also reported
(Wassef et al 1990; Rupprecht et al 1991). These previous
findings strongly support the important role of GR in the
pathophysiology of mood disorders. To date, there have been
no direct measurements of GRa mRNA and GRB mRNA on
peripheral blood cells of mood disorder patients. Moreover,
postmortem brain studies lack information on plasma cortisol
concentration and the HPA axis activity assessed by the
DEX/CRH test. It is difficult to determine whether the reduced
GRa expression is recognized only in the depressive state or
continues after recovery from the depressive state, in other
words, state-dependent or traii-dependent.

The aim of this study was to evaluate GRe mRNA and GRB
mRNA levels in the peripheral white blood cells of individuals
with major depressive disorder and bipolar disorder. Further-
more, to examine whether altered GR mRNA expression is
state-dependent or trait-dependent, mood disorder patients in
remission and first-degree relatives of mood disorder patients
were also assessed.
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Table 1. Summarized Profile of Antidepressant Medication for
Longitudinally Followed Subjects with Major Depressive Disorder and
Bipolar Disorder

MDD 8PD

Treatment Period Treatment

{(Months) Period (Months)
Anti-depressant Medication 4] 2 4 6 4] 2 4 6
Tricyclic Antidepressant 3 1
Tricyclic Antidepressant + SSRI 3 2 2 1
Tricyclic Antidepressant -+ SNRI 2 2 1
SSRI 2 7 6 6 4 3 2 1
SNRI 2 2 2 2 2 11
SSRI + SNRI 2 2 1 1
Tetracyclic Antidepressant 3 3 1 1 4 2 2
No Antidepressant 5 1 4 2 3 4
Total Number 20 19 11 11 13 10 9 8

MDD, major depressive disorder; BPD, bipolar disorder; SSR, selective
serotonin reuptake inhibitor; SNRI, serotonin-noradrenaline reuptake
inhibitor.

Methods and Materials

Subjects :

Major depressive and bipolar disorder patients were diag-
nosed 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 Yamagu-
chi University Hospital. The extent of depressive state was
assessed by a 21-item Hamilton Depression Rating Scale (HDRS).
Subjects were regarded as under a current depressive state when
they showed a score of more than 20 on HDRS and met the
DSM-IV criteria for major depressive episode. Subjects were
regarded to be in remission when they showed a score of less
than 6 on HDRS and did not show any symptoms of the 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 2 months for 6 months to
investigate gene expression alteration during recovery from
depressive states. Antidepressant medications for these subjects
are summarized in Table 1. Individuals were excluded from the
present study when they showed abnormal physical examina-
tions or abnormal results for routine medical laboratory tests
such as a complete blood count and renal, liver, and thyroid
function. Female subjects who were pregnant or took oral
contraceptives were also excluded. First-degree relatives who
had no significant current or past medical or neurological illness,

Table 2. Demographic and Clinical Characteristics of Subjects

T. Matsubara et al

significant alcohol or drug abuse, and past or current Axis I
psychiatric illness were enrolled (Table 2). All normal control
subjects were screened to exclude significant current or past
medical or neurological illness, significant alcohol or drug abuse,
and past or current Axis [ psychiatric illness. This protocol was
approved by the Institutional Review Board of Yamaguchi
University Hospital. Informed written consent was obtained for
all subjects.

Blood Sample Preparation

Blood was obtained by venipuncture between 10:00 A.M. and
11:00 A.M. and processed to determine plasma cortisol concen-
tration and total RNA purification.

RNA Isolation and Complementary DNA Synthesis

Total RNA was prepared from blood samples using QIlAamp
RNA Blood Mini kit (Qiagen, Chatsworth, California). The total RNA
yield was determined by OD260. One microgram of tota] RNA
was used for complementary DNA (cDNA) synthesis by random
hexamer and Omniscript reverse transcriptase (Qiagen). The
cDNA was stored at —80°C until use.

Real-Time Quantitative Polymerase Chain Reaction

Real-time quantitative polymerase chain reaction (PCR) was
performed on ¢cDNA with LightCycler (Roche Molecular Bio-
chemicals, Germany) using the QuantiTect SYBR Green PCR kit
(Qiagen) according to the manufacturer’s manual. Polymerase
chain reaction conditions were 15 minutes at 95°C, 35 to 45
cycles of 15 seconds at 95°C, 20 seconds at 55°C, and 10 seconds
at 72°C. Cycle number was optimized for each primer set
corresponding to GRa, GRB, and gylceraldehyde-3-phosphate
dehydrogenase (GAPDH). Used primer sets were S-gaactg-
geageggtittatc-3 and 5-tctcggggaattcaatactea-3 for GRa, 5-ceattgt-
caagagggaagga-3 and 5-tgtgtgagatgtgctitctgg-3 for GRB, and 5-cag-
cctcaagatcatcagea-3 and  5-tgtggtcatgagtectteca-3 for GAPDH.
Amplification of the single PCR product was confirmed by
monitoring the dissociation curve. Amplification curves were
visually inspected to set a suitable baseline range and threshold
level. To generate standard curves, different concentrations of
¢DNA made from total RNA isolated from human lymphoma cell
line 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
was employed for quantification of target molecules according to
the manufacturer’s protocol, in which the ratio between the
amount of target molecule and a reference molecule within the
same sample was calculated. At a minimum, all measurements
were performed in duplicate. The GAPDH mRNA level was used

Patients
MDD BPD Relatives

Control

Subjects Depressed Remission Depressed Remission MDD BPD

n=31 n=18 n=38 n=13 n=35 n=17 n=15
Mean Age (years) 499 + 1.7 529 + 39 583+ 2.1 555 %37 529 +24 48.8 + 3.6 44.7 + 48
Gender (Female/Male) 15/16 9/9 14/24 11/2 29/6 13/4 10/5
HDRS 269 + 2.0 3.7 % .32 246 *+ 1.1 32+ .33
Serum Cortisol (j.g/dL) 88 .79 109 = 3.5 10.2 +.76 94 2.1 115+ .97

Includes subjects with bipolar disorder, major depressive disorder, first-degree relatives of BPD and MDD, and normal control subjects. MDD, major
depressive disorder; BPD, bipolar disorder; HDRS, Hamilton Depression Rating Scale.
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for normalization. Expression value was normalized by dividing
the mean of the value of control subjects.

Plasma Cortisol Determination
Plasma cortisol concentration was measured with radioimmu-
noassay by the laboratory of SRL Corporation (Tokyo, Japan).

DEX/CRH Test

A subgroup of subjects in a current depressive state under-
went the DEX/CRH test as previously reported with minor
modifications (Heuser et al 1996). Mood disorder patients were
pretreated with an oral dose of 1 mg of dexamethasone (DEX)
(Dexamethasone, Asahikasei Pharmaceutical Corporation, To-
kyo, 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 intrave-
nous catheter 15 minutes, 30 minutes, 60 minutes, and 120
minutes later. Blood samples were immediately centrifuged and
stored at —20°C. Plasma levels of cortisol and ACTH were
measured with radioimmunoassay (SRL Corporation). We de-
fined nonsuppressors as those individuals whose post-DEX
plasma cortisol levels were more than 5 pg/dL.

Data Analysis

Data are presented as means * standard error of mean (SEM)
unless otherwise specified. Distributions for each variable were
examined for normality using Shapiro and Wilk’s test. When
homogeneity of variances and a normal distribution of data were
detectable, one-way analysis of variance (ANOVA) and post hoc
test (Tukey test) were used for statistical analysis. When signifi-
cant deviations from normality were found (p < .05), nonpara-
metric statistics were applied. When deviation from normality
and lack of homogeneity of variances occurred, Kruskal-Wallis
one-way analysis of variance was used for statistical analysis and
then, if significant, the Steel-Dwass test was used for group
comparisons. The Spearman rank correlation was calculated to
assess the correlation between data. Two group comparisons,
such as the effect of antidepressant usage or gender on GR
mRNA expression, were performed using the Student ¢ test. For
categorical variables, the chi-square test was used. The analysis
of covariance (ANCOVA) using age as a covariate was performed
to assess GR mRNA expression levels between suppressors and
nonsuppressors of the DEX-CRH test. For all statistical analy-
sis, p < .05 was considered significant.

Results

The mean ages were not significantly different between major
depressive disorder patients, bipolar disorder patients, and nor-
mal control subjects (F = 1.95, df = 4,131, p = .106) (Table 2).
Regarding the gender distribution, bipolar disorder patients
showed a larger ratio of female to male (X? = 12.7, df = 4, p =
.013). Levels of plasma cortisol did not differ between major
depressive disorder patients, bipolar disorder patients, and nor-
mal control subjects (F = .92, df = 4,58, p = .456). Real-time PCR
revealed that the expression level of GRe mRNA was decreased
in major depressive disorder patients in a current depressive state
and in remission, compared with normal control subjects (F =
8.13, df = 4,131, p < .0001, post hoc p = .028, and p = .011,
respectively) (Figure 1). The levels of GRae mRNA expression of
major depressive disorder patients showed no significant differ-
ence between the depressive state and remission (p = .382).
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Figure 1. Quantitative RT-PCR revealed that reduced GRa mRNA expression
was shown in major depressive disorder patients in a current depressive
state (n = 18), major depressive disorder patients in remission (n = 38), in
bipolar disorder patients in a current depressive state (n = 13), and in
bipolar patients in remission (n = 35) compared with normal control sub-
jects (n = 31). Values are mean * standard error.” p <.05,"" p <.01.RT-PCR,
reverse transcription polymerase chain reaction; mRNA, messenger RNA;
MDD, major depressive disorder; BPD, bipolar disorder.

Reduced GRa mRNA expression was also recognized in bipolar
disorder patients in a current depressive state as well as in
remission (post hoc p < .0001 and p = .0005, respectively)
(Figure 1). The GRe mRNA expression levels of bipolar disorder
patients showed no significant difference between depressive
state and remission (p = .238). There was no significant corre-
lation between GRa mRNA level and plasma cortisol concentra-
tion of normal control subjects, major depressive disorder pa-
tients, and bipolar disorder patients (r = —.010, p = 967; r =
037, p = 508, r = 269, p = .238, respectively). Gender
difference did not produce significant effects on GRa mRNA
expression of normal control subjects (¢ = —.641, df = 29, p =
.526), major depressive disorder patients (¢t = —.266, df = 54,
p = .792), and bipolar disorder patients (t = ~.291, df = 46, p =
.772). No significant correlation between age and GRa mRNA
level was shown in normal control subjects (7 = .144, p = .439),
major depressive disorder patients in a current depressive state
(r = —.108, p = .671), major depressive disorder patients in
remission (# = —.111, p = .508), bipolar disorder patients in a
current depressive state (r = —.278, p = .357), and bipolar
disorder patients in remission (r = —.004, p = .839).

In contrast to GRa, there was no significant difference of GRB
mRNA expression between mood disorder patients in a current
depressive state and normal control subjects (F = .27, df = 2,59,
p=.762) (Figure 2). Also, no significant difference in GRE mRNA
expression was found between the first-degree relatives of mood
disorder patients and normal control subjects (F = 1.71, df =
2,58, p = .190) (data not shown). A strong negative correlation
was found between the expression levels of GRae mRNA and of
GRP mRNA of control individuals (r = —.463, p = .009) (Figure 3).
However, there were no significant correlations between the
expression levels of GRe mRNA and of GRB mRNA of both major
depressive disorder patients in a current depressive state (rr =
169, p = .502) and bipolar disorder patients in a current
depressive state (r = .349, p = .243) (Figure 3). There was no
significant correlation between GRE mRNA level and plasma
cortisol concentration of normal control subjects, major depres-
sive disorder patients, and bipolar disorder patients (r = .242,
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Figure 2. Quantitative RT-PCR revealed that GRB mRNA levels of subjects
with major depressive disorder {n = 18) and bipolar disorder (n = 13)did not
show significant differences from that of normal control subjects (n = 31).
Values are mean * standard error. RT-PCR, reverse transcription polymerase
chain reaction; mRNA, messenger RNA; MDD, major depressive disorder;
BPD, bipolar disorder.

Control

p = 304 r = —0632, p = 253 r = 400, p = .600,
respectively). Gender difference did not produce a significant
effect on GRB mRNA expression of normal control subjects
(t = 968, df = 29, p = .341), major depressive disorder patients in
a current depressive state (t = .265, df = 16, p = .794), and
bipolar disorder patients in a current depressive state (f = —.794,
df = 11, p = .444). No significant correlation between age and
GRB mRNA level was shown in normal control subjects (r =
—.136, p = .466), major depressive disorder patients in a current

depressive state (r = —.157, p = .533), and bipolar disorder
patients in a current depressive state (r = —.154, p = .614),
° ]
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Figure 3. Significant correlation between GRa mRNA levels and GRB mRNA
levels was recognized in normal control subjects (n = 31) but not in major
depressive disorder patients (n = 18) or bipolar disorder patients in a cur-
rent depressive state (n = 13). mRNA, messenger RNA; MDD, major depres-
sive disorder; BPD, bipolar disorder.
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Figure 4. During recovery from a depressive state, stable reduction of GRa
mRNA expression was shown at 0 (n = 20), 2 {n = 19),4 (n = 11), and 6
months (n = 11) in subjects with major depressive disorderand at 0 (n = 13),
2(n=10),4 (n = 9),and 6 months (n = 8) in subjects with bipolar disorder.
HDRS values of major depressive patients (circle) and of bipolar disorder
patients (triangle) were significantly reduced at 2, 4, and 6 months com-
pared with 0 months. Values are mean = standard error.™ p <0.01. mRNA,
messenger RNA; MDD, major depressive disorder; BPD, bipolar disorder;
HDRS, Hamilton Depression Rating Scale.

To investigate whether GRoe mRNA levels vary during recov-
ery from depressive state, individuals with major depressive
disorder (72 = 20) and individuals with bipolar disorder (7 = 13)
in a current depressive state were assessed for GRa mRNA
expression every 2 months for 6 months. No significant differ-
ence of GRa mRNA level was detected between 0 (n = 20), 2
(n=19), 4 (n=11), and 6 (# = 11) months in major depressive
disorder patients (F = 1.38, df = 3,57, p = .258). No significant
difference of GRe mRNA level was detected between 0 (17 = 13),
2(n=10), 4 (n=9), and 6 (n = 8) months in bipolar disorder
patients (F = .32, df = 3,36, p = .810). Hamilton Depression
Rating Scale values were significantly reduced at 2 months in
major depressive disorder patients and bipolar disorder patients
(F=47.2, df = 3,57, p <.0001, post hoc p < .0001 and FF = 24,5,
df = 3,36, p<<.0001, post hoc p < .0001, respectively) (Figure 4).

Next, to examine whether reduced GRa expression is present
in trait-dependent change of mood disorder, GRa mRNA expres-
sions were determined in first-degree relatives of major depres-
sive disorder patients (7 = 17) and bipolar disorder patients (n =
15). Reduced GRo mRNA expression was recognized in the
first-degree relatives of bipolar disorder patients but not in the
first-degree relatives of major depressive disorder patients (F =
3.30, df = 2,60, p = .043, post hoc p = .040, and p = 968,
respectively) (Figure 5). There were no significant differences in
GRa mRNA expression regarding gender of first-degree relatives
of major depressive disorder patients (¢ = .157, df = 3, p = .203)
and those of bipolar disorder patients (¢ = 1.05, df = 13, p =
312). No significant correlation between age and GRa mRNA
level was shown in first-degree relatives of major depressive
disorder patients (r = —.283, p = .270) and those of bipolar
disorder patients (» = .285, p = .303).

To examine whether the reduction of GRa mRNA expression
in mood disorders would have an influence on the HPA axis
activity, GRa and GRP mRNA levels of mood disorder patients in
a current depressive state were compared between suppressors
(n = 13, 10 major depressive disorder patients and 3 bipolar
disorder patients) and nonsuppressors (12 = 16, 8 major depres-
sive disorder patients and 8 bipolar disorder patients) of the
DEX/CRH test. The mean age of nonsuppressors was signifi-
cantly higher than suppressors (59 * 3.3 vs. 44 *+ 5.5; { = 2.47,
df = 29, p = .020) with similar gender distribution (X* = 3.84,
df=1, p=.11), which is consistent with a previous report (Heuser
et al 1994). Thus, we applied analysis of covariance using age as
a covariate, finding no significant difference in GRa and GRB
mRNA expression level between suppressors and nonsuppres-
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Figure 5. Quantitative RT-PCR revealed that GRa mRNA expression was
reduced in first-degree relatives of bipolar disorder patients (n = 15) but not
in first-degree relatives of major depressive disorder patients (n = 17) com-
pared with normal control subjects (n = 31, data shown in Figure 1). Values
are mean = standard error.” p < .05, RT-PCR, reverse transcription polymer-
ase chain reaction; mRNA, messenger RNA; MDD FDR, first-degree relatives
of major depressive disorder; BPD FDR, first-degree relatives of bipolar dis-
order patients.

sors (F= 1.04, df = 1,26, p = 319; F= 1.97, df =1,26, p = .179,
respectively) (Figure 6).

Finally, to examine the effect of antidepressants on GRa
mRNA expression, bipolar disorder patients in remission were
divided into two groups regarding antidepressant medication
and assessed for GRe mRNA expression. No significant differ-
ence in GRo mRNA was shown between bipolar disorder
patients in remission (# = 18) medicated with both antidepres-
sants and mood stabilizers and those (# = 18) medicated with
mood stabilizers only (1 = 1.30, df = 1,34, p = .20). Also, seven
drug-free patients (bipolar disorder 7 = 1; major depressive
disorder 11 = 6) showed significant GRoe mRNA reduction compared
with normal control subjects (1 = 2.14, df = 1,35, p = .038).

Discussion

In this study, we demonstrated that GRa mRNA level reduc-
tion occurs in peripheral blood cells of individuals with major
depressive disorder and bipolar disorder, in both a depressive
state as well as in remission. Reduced GRa mRNA expression
was also shown in first-degree relatives of bipolar disorder
patients but not in those of major depressive disorder patients.
Based on these and previous findings that GRae mRNA reduction
occurred in the cerebral cortex, hippocampus, and amygdala of
mood disorder brains (Webster et al 2002; Knable et al 2004;
Perlman et al 2004), we propose that the GRa mRNA level in
mood disorder patients is decreased in multiple systems. Glu-
cocorticoid receptor plays multiple roles in the brain, such as
modulation of neural activity and regulation of the HPA axis, as
well as in the immunological system (Riccardi et al 2002). The
GRa mRNA reduction in the peripheral blood cells of mood
disorder patients may be associated with the immunological
alteration of mood disorder patients such as increased plasma
concentration of interfeukin-1 (IL-1) and interleukin-6 (IL-6)
(Maes et al 1995; Owen et al 2000; Anisman and Merali 2003),
although there was controversy about immunological alteration
of mood disorder patients.
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The present findings of GRoa mRNA reduction in mood
disorder patients in remission and continuous GRa mRNA reduc-
tion during recovery from a depressive state show that altered
GRa mRNA levels are not restricted to depressive states but
continue after recovery. Furthermore, first-degree relatives of
bipolar disorder patients also showed reduced GRa mRNA
levels. These results suggest that GRoe mRNA reduction is not a
state-dependent finding but a trait-dependent finding of mood
disorder, especially in bipolar disorder. Together with previous
findings that remissive bipolar disorder patients and first-degree
relatives of bipolar disorder patients showed disturbed GR
function assessed by cortisol concentration after the DEX/CRH
test (Holsboer et al 1995; Watson et al 2004), first-degree relatives
of bipolar disorder patients as well as remissive bipolar disorder
patients may have GR dysregulation.

Although GRa mRNA level could be influenced by plasma
cortisol, plasma cortisol concentrations at 10:00 A.M. were not
different between individuals with mood disorders and normal
control subjects, which is consistent with previous reports
(Young et al 1994, 2001). Both GRa mRNA and GRP mRNA levels
did not correlate with plasma cortisol concentrations of normal
control subjects as well as mood disorder patients, suggesting
that GRe mRNA and GR mRNA levels were not simply deter-
mined by plasma cortisol concentrations. One cannot deny the
possibility that altered baseline plasma cortisol concentrations of
mood disorder patients, which was not determined in the present
study, may reduce GRa mRNA levels. However, there have been
inconsistent reports that evening baseline plasma concentrations
of mood disorder patients either increased (Young et al 1994,
2001) or decreased (Vythilingam et al 2004). Furthermore, in-
creased glucocorticoid concentrations do not result in the down-
regulation of GRa, since a normal number of glucocorticoid-
binding sites were shown in recovered depressive patients with
sustained high plasma cortisol concentrations (Hunter et al 1988)
and Cushing’s disease patients (Invitti et al 1999; Huizenga et al
2000). Thus, our finding of GRa mRNA reduction in mood
disorder patients may not be a direct consequence of elevated
cortisol concentrations.

Although most individuals in our study with mood disorders
were on antidepressant medication, which can influence GRa
mRNA expression, drug-free patients also showed GRa mRNA
reduction. Furthermore, GRa mRNA reduction of bipolar disor-
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Figure 6. Nosignificant difference in GRa mRNA or GRB mRNA expression of
mood disorder patients was shown between suppressors (n = 13) and
nonsuppressors (n = 16) of the DEX/CRH test. mRNA, messenger RNA;
DEX/CRH, dexamethasone/corticotropin-releasing hormone; Sup, suppres-
sors; Non-Sup, nonsuppressors.
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der patients in remission occurred regardless of antidepressant
medication. These results are consistent with the report of the
lack of statistical difference between GRa mRNA levels in the
brain of subjects on antidepressant medication and subjects free
of antidepressant medication (Webster et al 2002). In vivo and in
vitro studies on the effect of antidepressants on GRa expression
showed an increase or unaltered expression of GRa (Seckl and
Fink 1992; Barden et al 1995; Pariante et al 1997; Okugawa et al
1999; Vedder et al 1999; Pariante and Miller 2001), although there
was a report that some antidepressants reduced GRa mRNA in
blood cells (Heiske et al 2003). Thus, antidepressant medication
alone might not be a major determinant of GRe mRNA reduction
in the peripheral blood cells. This is supported by the present
result that first-degree relatives of bipolar disorder patients with
no exposure to antidepressant medication also showed a reduc-
tion in GRa mRNA.

" The present result showed no significant difference in GRa
and GRP mRNA expression levels between suppressors and
nonsuppressors of the DEX/CRH test in mood disorder patients.
Nonsuppression of the DEX/CRH test is thought to be indicative
of a blunted response to increased glucocorticoid via GRo-
mediated transcription (Barden et al 1995; Holsboer 2000; Pari-
ante and Miller 2001). The finding of unaltered GRB expression
between suppressors and nonsuppressors is not consistent with
the proposed function for GRB as an antagonist for GRa-
mediated transcription. There was a report that GRB does not act
as an antagonist for GRa-mediated transcription (Lange et al
1999). Thus, the biological function of GRB remains controversial
(Carlstedt-Duke 1999; Vottero and Chrousos 1999). Both GRS
mRNA and GRP protein have been repeatedly reported to be
extremely low in lymphocytes, as well as in the brain, compared
with GRa (DeRijk et al 2003; Pedersen and Vedeckis 2003).
Together with the present results of unaltered GRB expression in
mood disorder patients, GRS may not play an important role in
the pathogenesis of mood disorders. However, it is possible that
GRP may exert some effects on the dysregulation of the HPA axis
in mood disorder patients.

It is not surprising there was no detectable difference in GRa
mRNA regardiess of the results of the DEX/CRH test, which is
indicative of GRa-mediated transcription, because GRa-medi-
ated transcription is modified by many factors including GR
phosphorylation, nuclear localization, and interaction with other
molecules such as AP1, NFk-B, and GRB (Oakley et al 1999;
Hayashi et al 2004). Moreover, aberrant HPA axis function of
mood disorder is thought to be related to many neurotransmitters
and hormones such as arginine vasopressin (AVP) (Holsboer
and Barden 1996; Holsboer 2001), gamma-aminobutyric acid
(GABA), and glutamate (Herman et al 2004). Furthermore, a
recent report has shown discrepancies between the GR mRNA
level, GR protein level, and GR function in peripheral blood
mononuclear cells (Torrego et al 2004). Future studies should
examine whether GRoe mRNA reduction is associated with re-
duced GRa protein expression and disturbed GRa function.

Another finding of our study is the inverse correlation be-
tween the amount of GRa and GRB mRNA in normal control
subjects but not in mood disorder patients. The GRB mRNA is
produced from pre-mRNA common to GRo mRNA by alternative
splicing associated with SRp30c (Xu et al 2003). Although
regulatory mechanisms of alternative splicing remains to be
clarified, the present result suggests that GRa may suppress GRB
production by regulating the alternative splicing in normal
control subjects. If this hypothesis is valid, the lack of a signifi-
cant correlation between GRa and GRB recognized in mood
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disorder patients suggests aberrant alternative splicing associated
with GRa-mediated transcription in mood disorder patients. It is
also possible that an alternative splicing mechanism itself is
disturbed in mood disorder patients (Lee and Irizarry 2003).

Although the pathological significance of reduced GRa mRNA
expression in mood disorder patients is a problem, heterozygous
mice of the GR-deficient mouse showed normal behavior at
baseline with enhanced helplessness and despair in response to
stress and nonsuppression to the DEX/CRH test (Ridder et al
2005). Thus, reduced expression of GRae mRNA could be one
factor that leads individuals to be susceptible to stress and mood
disorders.
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Frontal lobe dysfunction has been implicated as one of the pathophy-
siological bases of bipolar disorder. Detailed time courses of brain
activation in the bipolar disorder group were investigated using
muitichannel near-infrared spectroscopy (NIRS), a recently developed
functional neuroimaging technology with a high time resolution, and
were compared with those in the major depression and healthy control
groups. Seventeen patients with bipolar disorder, 11 equally depressed
patients with major depression, and 17 healthy controls participated in
the study. Changes in oxy hemoglobin concentration ([oxy-Hb]) during
cognitive and motor tasks were monitored using frontal and temporal
probes of two sets of 24-channel NIRS machines. [oxy-Hb]| increases in
the bipolar disorder group were smaller than those in the healthy
control group during the carly period of a verbal fluency task, larger
than these in the major depression and healthy control groups during
the late period of this task, and were smaller than those in the major
depression group during a finger-tapping fask. Depressive symptoms
and antidepressant dosages did not correlate with [oxy-Hb] changes in
the two patient groups. Bipolar disorder and major depression were
characterized by preserved but delayed and reduced frontal lobe
activations, respectively, in the present high-time-resolution study by
multichannel NIRS,

€ 2005 Elsevier Inc. All rights reserved.

Kevwords: Near-infrared spectroscopy: Cerebral blood volume; Bipolar
disorder; Major depression; Verbal fluency task; Diagnosis

Introduction

Bipolar disorder and major depressive disorder (major depres-
sion} are two of the principal disorders among mood disorders.
Although their etiology and pathophysiology have not yet been
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completely elucidated, a number of structural and functional
neuroimaging studies suggest the importance of the frontal lobe.
For example, a reduction in the volume of cerebral regions (Beyer
and Krishnan, 2002; Fossati ¢t al., 2004; Shelinc, 2003; Strakowski
et al., 2002), particularly the gray matter and glial cell density
(Davidson et al., 2002) in the frontal lobe, has been reported in
structural neuroimaging studies. In functional neuroimaging
studies using positron emission tomography (PET), single-photon
emission computed tomography (SPECT), or functional magnetic
resonance imaging (fMRI), abnormal changes in cerebral glucose
mctabolism and cercbral blood flow have been demonstrated,
particularly in the prefrontal cortex (Drevets, 2000; Stolf ot al.,
2000, Videbech, 2000), and they were often reported to be
associated with cognitive dysfunctions in some studies (Sweeney
ct al,, 2000; Veicl, 1997).

In many of the functional neuroimaging studies demonstrating
abnormal prefrontal functions, mixed paticnts with bipolar disorder
and major depression were examined; that is, different diagnostic
groups (e.g., bipolar disorder and major depression) with various
mood states (e.g., depressed and manic) were oflen classified into
one patient group (Strakowski ct al.. 2000). Differences in
abnormalities in frontal lobe functions between patients with
bipolar disorder and thosc with major depression have been
suggested in recent studies, in which depressed patients with
bipolar disorder and those with major depression were examined
separately. Decreased prelrontal activity (hypofrontality) both at
rest and during an activation task has been consistently demon-
strated in depressed patients with major depression in a number of
PET, SPECT, and fMRI studies (Brody ct al.. 2001: Drevets, 2000+
Liotti and Mayberg, 2001; Malhi et al., 2004b; Rogers et al., 2004).

On the other hand, in depressed patients with bipolar disorder,
the reported changes in the frontal lobe lunction during an
activation task are so far inconsistent (Strakowski ot al.. 2000,
2004) although changes at rest are consistent in showing decreased
activity (Blumberg et al.. 2002): increased activity (visuospatial
working memory task, Chang el al., 2004), decreased activity
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(Stroop task, Blumberg et al., 2003: auditory diserimination
continuous performance task. Ketter et al.. 2001; positive affect
induction, Malhi ct al., 2004a; emotional recognition, Yurgelun-
Todd ct al., 2000). and unchanged frontal lobe functions (semantic
decision task, Curtis ¢t al,, 2001) compared to healthy controls
have been reported, even within the same task. that is the verbal
fluency task (increased activity, Curlis et al. 2001; decreased
activity, Matsuo et al.. 2002, 2004; unchanged function, Dye et al..
1999),

As far as the authors surveyed, only two research groups have
directly contrasted the frontal lobe functions between depressed
patients with bipolar disorder and those with major depression, but
these studies showed inconsistent results. In near-infrared spectro-
scopy (NIRS) studies, Matsuo et al. found reduced [oxy-Hb)
increases in the prefrontal region during a verbal fluency task in
both the bipolar disorder and major depression groups compared
with the healthy control groups, and found no significant
differences between the bipolar disorder and major depression
groups (Matsuo et al,, 2000, 2002, 2004, 2005). However, in
fMRI study, Lawrence et al. (2004) found larger prefrontal
activations in response to emotional stimuli in the bipolar disorder
group than in the major depression group. The reasons for the
differences in the results of these research groups have not been
clarified.

NIRS is a recently developed noninvasive funclional neuro-
imaging technique. NIRS can detect regional cerebral blood
volume (rCBV}) changes in terms of changes in oxy hemoglobin
concentration ([oxy-Hb]) and deoxy hemoglobin concentration
([deoxy-Hb]). The principle of NIRS is based on the modified
Lambert—Beer law, and NIRS monitors the absorption of near-
infrared light by oxy and deoxy hemoglobin using two different
wavelengths. Both the [oxy-Hb] increase and [deoxy-Hb] decrease
detected by NIRS have been shown to reflect cortical activation by
simultancous measurcments using other methodologies (Hock ot
al., 1997; Kleinschmidt et al,, 1996; Mchagnoul-Schipper et al.,
2002: Toronov el al., 2001). The correlations with cerebral blood
flow have been shown (o be stronger for {oxy-Hb] than for {deoxy-
Hb] (Malonek et al., 1997; Strangman et al., 2002b). In an animal
study using a perfused brain rat model, foxy-Hb] was also
demonstrated to be the most sensitive marker of CBF changes
among {oxy-Hb], [deoxy-Hb], and [total-Hb] (Hoshi et ai., 2001).

NIRS has some advantages and disadvantage over other
functional neuroimaging methodologies such as PET, SPECT,
and fMRI. The three advantages of NIRS are (1) the complete
noninvasiveness of the measurement enabling repeated measure-
ments, (2) the high time resolution of 0.1 s enabling a detailed
clarification of temporal changes in rCBYV, and (3) the portability
and compactness of its apparatus enabling measuwrements under
natural conditions with subjects sitting on a comfortable chair. The
disadvantages of NIRS are that it measures hemoglobin concen-
trations (1) only as relative changes, not as absolute values, (2)
only in the cortex immediately beneath the probes but not in deeper
brain structures, (3) with a high time resolution but with a low
spatial resolution, and (4) not only in the brain but also in other
surface structures, such as the skin and skull. Considering the
advantages and disadvantages described above, NIRS is assumed
to be particularly useful in assessing the dynamic aspects of
cortical activation in rather broad areas.

NIRS has been demonstrated to enable the defection of brain
activations during cognitive tasks i healthy controls (reviewed by
Hoshi. 2003; Obrig and Villringer, 2003: Strangman et al., 2002a).
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For mood disorders, several NIRS studies have been conducted.
Okada et al. (1996) reported no dominant hemispheric changes in
[total-Hb] in the prefrontal area of patients with major depression
during a mirror drawing task. In addition to Matsuo ct al. (2000,
2002, 2005) as described above, both Suto et al. (2004) and
Herrmann et al. (2004) reported reduced trontal activation during a
verbal fluency task in patients with major depression. Eschweiler et
al. (2000) found that reduced {oxy-Hb] increases predict a good
therapeutic efficacy of repetitive transcranial magnetic stimulation
in patients with major depression.

In the present study, we cvaluated the spatial and temporal
characteristics of rCBV changes during cognitive activation in
patients with bipolar disorder by multichannel NIRS, and
compared them with those in patients with major depression.
The verbal fluency task was employed as cognitive activation and
the finger-tapping task as cognitively undemanding control
activation. The inconsistency in frontal lobe activation in bipolar
disorder has not been clarified in any functional neuwroimaging
methodologies as described above, and there have been no studies
that assessed the temporal characteristics of cerebral activation in
mood disorders except a NIRS study in our laboratory (Suto ct al..
2004). The objectives of the present study are (1) to clarify the
characteristics of brain activations in paticnts with bipolar disorder
along the task time course with the aid of the high time resolution
of NIRS and (2) to compare them with those in healthy controls as
well as patients with major depression of similar psychopathology.
We hypothesized that (1) the characteristics of the frontal lobe
tfunction are expressed more clearly in cognitive activation than in
control motor activation, (2) cognitive activalions in bipolar
disorder are congistent in some time segments and inconsistent in
other time segments with those in major depression, and (3) such
differences in activations along the time course can explain, at least
in part, the inconsistent results in cognitive activation regarding
bipolar disorder.

Materials and methods
Subjects

Seventeen patients with bipolar disorder, 11 patients with major
depression, and 17 healthy controls participated in the present
study (Table 1). The patients with bipolar disorder and those with
major depression were recruited among the outpatients and
inpatients at Guama University Hospital. and were diagnosed
according to the criteria in the Diagnostic and Statistical Manual of
Mental Disorders, 4th ed. (American Psychiatric  Association
1994).

The patients with bipolar disorder included 11 males and 6
females (age: mean, 40.9 years; SD, 13.3; range, 20-62), and 4
patients with bipolar [ disorder and 13 patients with bipolar Il
disorder. At the time of the study., all the subjects were cuthymic to
subdepressive as indicated by their scores in the 24-item Hamilton
Rating Scale for Depression (HRSD, Hamilton, 1960; mean, 9.4
SD, 6.5; range, 1-22). and were on medication with mood
stabilizers and/or antidepressants.

The patients with major depression, including 9 males and 2
females (age: mean, 44.8 years; SD, 13.1; range, 24 359), were
euthymic to subdepressive at the time of the study (HRSD score:
mean, 10.4: 8D, 9.5; range. 0-26) with the same severity as the
patients with bipolar disorder (1 = —0.32, P = 0.76). and were on
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Table !
Clharacteristics of subjects
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Casc  Ape  Sex Subtype HRSD  Performance Total imipramine Medication (imipramine cquivalent dose) mg/day
equivalent dose mg/day
Bipolar disorder (n = 17)
1 39 M 11 12 8 243.8 Clomipramine 75 (93.8). paroxetine 40 (150). lithium 800,
: levomepromazine 15

2 27 F 1 10 11 0 Lithium 600, risperidone 2

3 33 M i1 11 11 125 Maprotiline 50 (50), milnacipran 75 (75). lithium 400,
bromocriptine 5

4 43 F 11 I 17 325 Amitriptiline 150 (150}, amoxapine 100 (100), maprotiline 75 (75),
lithium 600, bromocriptine20

5 57 I 1 10 21 60 Milnacipran 60 (60), lithium 600

G 38 M 1 3 i8 240 Imipramine 60 (60), maprotiline 150 (150), milnacipran 30 (30),
sodium valproate 400

7 49 M 11 19 21 0 Chlorpromazine 50, lithium 400, sodium valproate 800

8 33 M i 1 19 0 Lithium 600

9 48 M 11 10 17 200 Imipramine 125 (125), paroxetine 20 (75), lithium 1000

1O 28 M I 17 10 287.5 Clomipramine 200 (250), trazodone 75 (37.5), lithium 600.
risperidone |

11 62 M 1 17 20 125 Paroxctine 30 (112.5), wazodone 25 (12.5)

12 57 M | 3 14 162.5 Milnacipran 150 (150), trazodone 25 (12.5), lithium 800

13 20 F 17 5 13 12.5 Sulpiride 25 (12.5), lithium 200, sodium valproale 400

14 50 M I 4 14 0 Lithium 1200

IN 28 M i 22 17 100 Dosulepin 50 (50), mianserin 10 (25), sulpiride 50 (25),
levomepromazine 10

16 25 F 1 3 8 0 Lithium 400, sodium valproate 400

17 59 F Il 2 11 0 Carbamazepine 400, lithium 600

Mcan  40.9 MILF6  14/1013 9.4 14.7 110.7

SD 13.3 6.5 4.4 1142

Muajor depression {n = 11)

1 R M 12 9 175 Paroxctine 40 (150), trazodone 50 (25)

2 51 M 2 16 28 Amitriptyline 25 (25), lithtum 800, bromocriptine 7.5

3 52 M Q 23 25 Clomipramine 10 (12.5), trazodone 25 (12.5)

4 24 M 6 14 200 Mianserin 20 (50), paroxetine 40 (150), carbamazepine 400

5 57 M 1 5 50 Mianserin 20 (50)

6 30 M 2 15 100 Amitriptyline 100 (100)

59 M 17 17 45 Milnacipran 45 (45)

8 37 F 8 9 1563 Clomipramine 125 (156.3), levomepromazine 10

9 55 M 26 14 50 Dosulepin 50 (50)

10 26 F 14 11 125 Milnacipran 100 (100), sulpiride 50 (25)

11 48 M 26 23 75 Clomipramine 50 (62.5), trazodone 25 (12.3)

Mean 448 MY/F2 10.4 14.2 933

sD 3.1 9.5 5.6 62.3

Healthy controls (n = 17)

Mean 42.8 MI3/F4 16.5

SD 4.5 36

M, male; F. female; 1, bipolar I disorder; 11, bipolar 11 disorder: HRSD, 24-item Hamilton Rating Scale for Depression,

medication with antidepressants. Eight of the 11 patients were also
mcluded in our previous study (Suto et al.. 2004): two patients in
the study were excluded from the present one because more strict
criteria for artifact rejection of body movements in NIRS
measurcments were employed in the present study, and three
new patients were added.

The healthy controls included 13 males and 4 females (age:
mean, 42.8 years; SD, 4.5; range, 36—52). They had no history of
any major psychiatric disorders, neurological disorders, substance
abuscs, head injuries, or major physical illnesses, and were not on
any psychotropic medications at the time of the study. Sixteen of
the 17 healthy controls were also included in our previous study
(Suto et al., 2004).
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The mean ages and sex ratios were not significantly different
among the three groups (F = 0.44, P = 0.65; chi square = 1.14, P =
0.57). All the subjects were right-handed as indicated by their
LEdinburgh scores (Oldficld, 1970; mean, 95.1; SD, 12.0; range,
33.3-100). The present study was approved by the Institutional
Review Board of Gunma University Graduate School of Medicine,
and writlen informed consent was oblained from all the subjects
prior to the study.

Activation tasks

Hemoglobin concentration changes were measured during
cognilive and motor activalions. The subjects sat on a comfortable
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chair in a daylight room with their eyes open throughout the
measurements. The cognitive activation consisted of a 30-s pretask
baseline, a 60-s verbal fluency task. and a 60-s post-task baseline.
During the verbal fluency task, the subjects were instructed to
generate as many words whose initial syllable was either /a/, /ka/,
or /sal as they could. The three initial syllables were employed in
this order and changed every 20 s during the 60-s task to reduce the
time during which the subjects remained silent. The number of
words generated during the verbal fluency task was determined as
a measure of task performance. The subjects were instructed to
repeat the syllables /a/, /i/, A/, fe/, and /o/ during the pretask and
post-task baseline periods as a Japanese phrase for ‘A, B, (" in
English.
The motor activation consisted of a 30-s pretask rest, a 40-s
right-finger-tapping task, and a 30- s post-task rest. The subjects
“werce instructed to tap their four fingers with their thumb in turn as
quickly and accurately as they could. They practiced the right-
finger-tapping after receiving the instructions on the task. and it
was confirmed that they could perform the task correctly.

NIRS measurements

NIRS machine

In this study, changes in [oxy-Hb], [deoxy-1ib], and [total-Hb]
were measured using two 24-channel NIRS machines (Hitachi
ETG-100) at two wavelenghts of near-infrared light (780 and 830
nm) whose absorption was measured, and [oxy-Hb] and [deoxy-
Hb] were caleulated. {total-Fb] was caleulated as the sum of [oxy-
Hb] and [deoxy-Hb]. The distance between the pair of emission
and detector probes was 3.0 cm, and it was considered that the

machines measure points at 2—3 cm depth from the scalp, that is.
the surface of cerebral cortices (Hock et al.. 1997: Toronov et al.
2000,

Probe positions and measurement points

The probes of the NIRS machines were placed on the subject’s
frontal and bilateral temporal regions. The frontal probes measured
the hemoglobin concentration changes at 24 measurement points in
a9 x 9 cm” area, with the lowest probes positioned along the Fp,
Fpy linc according to the international 10/20 system used in
electroencephalography. Each set of bilateral lemporal probes
measured the hemoglobin concentrafion changes at 12 measure-
ment points ina 6 x 6 em® area, with the central probe positioned
at the midpoint between the verlex and the external ear hole. These
measurcment points were labeled FE-F24, Li-1L12, and R -R12
for the frontal, left temporal, and right temporal channcls,
respectively, from top to bottom.

The correspondence of the probe positions and the measure-
ment points on the cerebral cortex was confirmed by super-
imposing the probe positions on a magnetic resonance image of a
three-dimensionally reconstructed cerebral cortex of a representa-
tive subject in the healthy control group (Figs. | 3), and the
correspondence was also supported by a multisubject study of
anatomical cranio-cerebral correlation {Okamoto et al., 2004).

Measurement parameters

The absorption of near-infrared light was measured with a time
resolution of 0.1 s. The obtained data were analyzed using the
“integral mode™: the pretask baseline was determined as the mean
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Fig. I. Grand averaged wavelorms of hemoglobin concentration changes during cognitive activation in the healthy control group. Grand avernged waveforns
of {oxy-Hb] (red line), [deoxy-Hb] (blue line), and [total-Hb] (green line) changes during cognitive activation (between two vertical dotled Hines) measured by
the frontal (center) probe and the feft (ripht) and right temporal (Icft) probes in the healthy control group. The channcls with low signal-to-noise ratios were
presented with gray meshing. Three sets of the grand averaged waveforms and superimposed individual waveforms of {oxy-TIh] changes in representative

channels (circled in orange) are enlarged below. The upper figures show the measurement positions of the NIRS machines. which were superimposed on a
magnetic resonance image of a reconstructed cerebral corlex of a represenative subject.
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Fig. 2. Grand averaged wavetorms of hemoglobin concentration changes during cognitive activation in the bipolar disorder group. Grand averaged waveforms
of foxy-Hb] (red line), [deoxy-Hb] (blue line), and [total-Hb] (green line) changes during cognitive activation (between two vertical dotted lines) measured by
the frontal (center) probe and the left (right) and right temporal (left) probes in the bipolar disorder group. The channcls with low signal-to-noisc ratios were
presented with gray meshing. Three sets of the grand averaged waveforms and superimposed individual waveforms of [oxy-Hb] changes in representative
channels (circled in orange) are enlarged below. The upper figures show the measurement positions of the NIRS machines, which were superimposed on a
magnetic resonance image ol a reconstructed cerebral cortex of a representative subject.

L1,

e e

Fi6

e G%Y-Hb
emmn deoxy-Hb

-

30 80 sec

Fig. 3. Grand averaged waveforms of hemoglobin concentration changes during cognitive activation in the major depression group. Grand averaged waveforms
ol [oxy-Hb] (red line). [deoxy-Hb] (blue line}, and [total-Hb] (green line) changes during cognitive activation (between Lo vertical dotted lines) measured by
the frontal (center) probe and the left (right) and right temporal (ieft) probes in the major depression group. The channels with low signal-to-noisc ratios were
presented with gray meshing. Three sets of the grand averaged waveforms and superimposed individual waveforms of [oxy-11b] changes in representative
channels (circled in orange) are enlarged below. The upper figures show the measurement positions of the NIRS machines, which were superimposed on a
magnelic resonance image of a reconstructed cerebral cortex of a representative subject.
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