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GluN2 subunit [10,11]. Previous studies have found that
Tyr-1325 and Tyr-1472 are the principal tyrosine phos-
phorylation sites on the GluN2A and the GluN2B subu-
nits, respectively [12,13]. Genetically engineered mice
expressing the Y1325F mutation of GluN2A show anti-
depressant-like behavior, but their other neural func-
tions, such as hippocampal-dependent learning, are
normal [12]. Alternatively, mice expressing the Y1472F
mutation of GluN2B show a selective impairment in
amygdala-dependent fear-learning [13]. Considering the
versatile role of the NMDA receptor in various neural
functions [6], the phenotypes of these mutant mice are
milder than expected: thus these mice provide valuable
models in which to dissect the molecular basis of speci-
fic behaviors including anxiety-like behavior.

Corticotropin-releasing factor (CRF), which is highly
abundant in the amygdala as well as in the paraventricu-
lar nucleus of the hypothalamus, plays an important role
in regulating anxiety-like behavior [14]. Patients suffer-
ing from anxiety disorders often have increased CRF
levels in their cerebrospinal fluid [15,16]. In rodents,
intracerebro-ventricular delivery of CRF is anxiogenic
[17]. Likewise, transgenic mice overexpressing CRF exhi-
bit increased anxiety-like behavior [18]. Conversely,
CREF; receptor knockout mice have reduced anxiety [17].
Injection of CRF antagonists or CRF; receptor antisense
oligonucleotide into the amygdala reduces stress-
induced anxiety-like behavior [19,20]. These results
collectively show that CRF plays a key role in the regu-
lation of anxiety-like behavior particularly in the amyg-
dala. Therefore understanding the molecular mechanism
of the regulation of CRF expression in the amygdala is
important.

In the present study, using behavioral, pharmacologi-
cal, and biochemical approaches with knock-in mice in
which the Tyr-1472 of GluN2B is mutated to phenylala-
nine (GluN2B-YF), we have identified Tyr-1472 phos-
phorylation as a regulator of CRF mRNA expression
and anxiety-like behavior.

Results

Enhanced anxiety-like behavior of GluN2B-YF mice

Given that we previously found that GluN2B-YF mice
show a selective impairment in amygdala-dependent
learning [13], we evaluated amygdala-dependent anxiety-
like behavior in GIuN2B-YF mice using the elevated
plus-maze (EPM) test, one of the most popular beha-
vioral tests for research on anxiety [21]. The measures
of anxiety are the percentage of time spent in the open
arms and the percentage of open arm entries. In the
test, GIuN2B-YF mice spent less time in the open arms
than wild-type (WT) mice (time in open arms: WT,
41.5 + 3.9%, n = 28; YF, 29.0 + 3.5%, n = 31; F(157) =
5.516, p < 0.05, one-way ANOVA) (Figure 1A). We also
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Figure 1 Enhanced anxiety-like behavior of GIUN2B-YF mice in
the elevated plus-maze test. (A), (B) GIuN2B-YF mice spent less
time exploring the open arms (WT, n = 28; YF, n = 31; Fy57) =
5516, p < 0.05, one-way ANOVA) (A) and made fewer entries into
the open arms (WT, n = 28; YF, n = 31; F 57y = 6.908, p < 0.05, one-
way ANOVA) (B) during the elevated plus-maze test. (C) Total
number of entries of GIUN2B-YF mice into the open and closed
arms was not significantly different from that of WT mice (WT, n =
28; YF, n = 31; Fy 57 = 0490, p > 04, one-way ANOVA). The asterisk
indicates significant genotype differences. n.s., not significant.

299



Delawary et al. Molecular Brain 2010, 3:37
http://www.molecularbrain.com/content/3/1/37

found that GluN2B-YF mice showed a clear preference
for closed arms (percentage of entries into open arms:
WT, 50.8 + 1.8%, n = 28; YF, 41.9 + 2.7%, n = 31; F(157) =
6.908, p < 0.05, one-way ANOVA) (Figure 1B). There
was no significant difference in the number of total arm
entries between GluN2B-YF and WT mice (number of
total entries: WT, 44.6 + 1.9, n = 28; YF, 42.6 + 2.0, n =
31; F1,57) = 0490, p > 0.4, one-way ANOVA), suggesting
that the locomotor activity of the GluN2B-YF mice was
unchanged compared to that of WT mice (Figure 1C).
Together with the findings that spontaneous activity of
GluN2B-YF mice in the open field test was virtually nor-
mal compared to that of the WT mice (data not shown),
these results suggest that reduced open arm activity in
GIuN2B-YF mice is due to increased anxiety rather than
motor impairment.

Increased CRF expression in the amygdala of

GIluN2B-YF mice

Several neurochemical systems are implicated in anxi-
ety-related behavior in mice [3,22,23]. Among them, we
focused on CRF-mediated signaling because many stu-
dies have reported that CRF is involved in the fear-
potentiated EPM behavior [21]. Relative to wild-type
controls, we found, by real-time PCR, that GluN2B-YF
mice had markedly increased levels of CRF mRNA in
the amygdala, which regulates the behavioral systems
involved in the fear response (WT, 100.0 + 7.3%, n = 5;
YF, 175.3 + 41.5%, n = 5; p < 0.05, Student’s ¢-test)
(Figure 2A). Interestingly, slight changes in the levels of
CRF mRNA in other brain regions, including the hippo-
campus, cerebellum, and hypothalamus were not signifi-
cantly different (hippocampus: WT, 100.0 + 10.3%, n =
5; YF, 115.7 £ 19.5%, n = 5; p > 0.2, Student’s t-test; cer-
ebellum: WT, 100.0 + 25.2%, n = 5; YF, 145.7 + 70.1%,
n = 5; p > 0.2, Student’s t-test; hypothalamus: WT,
100.0 £ 9.7%, n = 5; YF, 103.8 + 16.1%, n = 5; p > 0.5,
Student’s ¢-test) (Figure 2B-D). To confirm the increased
CRF levels in the amygdala, we performed an ELISA and
found that CRF was indeed increased in the amygdalae
of GIuN2B-YF mice (WT, 100.0 + 4.4%, n = 10; YF,
120.4 £ 5.0%, n = 10; p < 0.01, Student’s ¢-test) (Figure
2E). As expected, there was no significant difference in
the CRF levels determined by ELISA in other brain
region such as hippocampus between GluN2B-YF and
WT mice (CRF levels in the hippocampus: WT, 100.0 +
6.9, n = 10; YF, 105.3 £ 7.0, n = 10; p > 0.5, Student’s ¢-
test). In addition, given that CRF plays a key role in
hypothalamus-pituitary-adrenal (HPA) axis activation
[14], we examined the HPA axis-regulated plasma
ACTH levels by ELISA. We found that the plasma
ACTH level of GluN2B-YF mice was similar to that of
wild-type mice (WT, 419.5 + 67 pg/ml (100.0 £ 16.0%),
n =9; YF, 364.7 pg/ml (86.9 = 13.2%), n = 13; p > 0.5,
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Student’s ¢-test) (Figure 2F). This result suggests that
the function of HPA axis is normal in GIuN2B-YF mice.
Thus, it appears that CRF expression is increased in the
amygdala but not in other brain regions of GluN2B-YF
mice.

Attenuation of enhanced anxiety-like behavior of GluN2B-
YF mice by CRF receptor antagonist

In the amygdala, CRF modulates anxiety-like behavior
by binding CRF; receptor [16]. If the enhanced anxiety-
like behavior of GluN2B-YF mice were due to increased
CRF expression, blockade of the CRF; receptor might
attenuate the enhanced anxiety-like behavior of
GluN2B-YF mice. To examine this possibility, we per-
formed the EPM test after injecting mice with the CRF;
receptor selective antagonist NBI 27914. There was a
significant interaction between genotype and NBI
27914-treatment for the time spent on open arms
(F(1,37) = 8.30, p = 0.0066, two-way ANOVA). Tukey’s
post-hoc test revealed that vehicle-injected GluN2B-YF
mice showed enhanced anxiety-like behavior relative to
vehicle-injected WT mice (time on open arms: WT,
32.7 + 4.5%, n = 10; YF, 21.3 + 2.6%, n = 12 F(; 3 =
7.12, p < 0.05, two-way ANOVA/Tukey’s post-hoc test)
(Figure 3). In contrast to the vehicle-injection, we found
that the enhanced anxiety-like behavior exhibited by
GIluN2B-YF mice was attenuated by acute intraperito-
neal injection of NBI 27914 (time on open arms:
WT, 25.8 £ 2.6%, n = 8; YF, 365 + 7.4%, n = 9; Fy 37y =
2.31, p > 0.1, two-way ANOVA/Tukey’s post-hoc test)
(Figure 3). These results argue that activated CRF, recep-
tor-mediated signaling causes the enhanced anxiety-like
behavior of GIuN2B-YF mice. In addition, in contrast to
the case seen in Figure 1, slight decrease in the number of
entries into open arms of vehicle-injected GIuN2B-YF
mice was not significantly different (vehicle-injected WT,
48.5 + 3.6%, n = 10; vehicle-injected YF, 40.1 £ 2.5%, n =
12; p = 0.08, two-way ANOVA/Tukey’s post-hoc test; NBI
27914-injected WT, 40.4 + 5.0%, n = 8; NBI 27914-
injected YF, 42.8 £ 4.9%, n = 9; p = 0.68, two-way
ANOVA/Tukey’s post-hoc test), probably because of
injection stress [19].

De-phosphorylation of Tyr-1472 and increased CRF
expression in the amygdala of wild-type mice after the
EPM test

We next investigated whether the level of Tyr-1472 phos-
phorylation in the amygdala of wild-type mice was affected
by the EPM test. At 10 min after the test, the amygdala
was resected, and the total lysates and RNAs were
prepared. As shown in Figure 4A, the level of Tyr-1472
phosphorylation was significantly decreased in the amyg-
dala of wild-type mice exposed to the EPM test compared
with control wild-type mice (control: 100.0 + 8.5%, n = 6;
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Figure 2 Increased CRF levels in the amygdala but not in other brain regions in GIluN2B-YF mice. (A)-(D) Real-time PCR analyses showed
that CRF mRNA levels were increased in the amygdala (WT, n = 5; YF, n = 5; p < 0.05, Student's t-test) (A) but not in other brain regions,
including the hippocampus (WT, n = 5; YF, n = 5; p > 0.2, Student’s t-test) (B), cerebellum (WT, n = 5; YF, n = 5; p > 0.2, Student’s r-test) (C), and
hypothalamus (WT, n = 5; YF, n = 5; p > 0.5, Student’s t-test) (D), of GIUN2B-YF mice compared to WT mice. (E) Increased expression of CRF in
the amygdala was confirmed by ELISA (WT, n = 10; YF, n = 10; p < 0.01, Student’s t-test). (F) The plasma ACTH level of GIUN2B-YF mice was not
significantly different from that of WT mice (WT, n = 9; YF, n = 13; p > 0.5, Student’s t-test). The asterisk indicates significant genotype
differences. n.s, not significant.

EPM test: 85.1 + 5.3%, n = 4; p < 0.05, Student’s ¢-test).
Interestingly, the level of CRF mRNA in the amygdala was
increased by the EPM test (control: 100.0 + 24.3%, n = 6;
EPM test: 168.7 £ 17.3%, n = 4; p < 0.05, Student’s ¢-test)
(Figure 4B). These data further support that Tyr-1472
phosphorylation is relevant to the anxiety-like behavior
and negative regulation of CRF expression in the
amygdala.

Induction of de-phosphorylation of Tyr-1472 and
increased CRF expression by NMDA receptor stimulation
We then examined whether NMDA receptor activity is
involved in the regulation of CRF expression in the
amygdala. Coronal sections including the amygdala were
stimulated with 100 pM NMDA for 7 min, followed by
a wash-out period of 15 min. Then, the amygdala was
rapidly dissected out and RNA was isolated to examine
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Figure 3 Abrogation of increased anxiety-related behavior of
GIuN2B-YF mice by intraperitoneal injection of the CRF,
receptor antagonist NBI 27914. The reduced time spent in the
open arms shown by GIUN2B-YF mice in the elevated plus-maze
test (WT, n = 10; YF, n = 12; Fy 37 = 7.12, p < 0.05, two-way
ANOVA/Tukey's post-hoc test) was attenuated by intraperitoneal
injection of NBI 27914 WT, n = 8, YF, n = 9; Fy 37 = 231, p > 0.1,
two-way ANOVA/Tukey's post-hoc test). The asterisk indicates
significant differences. n.s, not significant.

the level of CRF mRNA expression (Figure 4C). We
found that NMDA receptor stimulation increased CRF
mRNA expression in wild-type slices (control: 100.0 +
10.5%, n = 6; NMDA stimulation: 160.1 + 20.3%, n = 6;
p < 0.05, Student’s ¢-test). Interestingly, the same stimu-
lation also induced de-phosphorylation of GluN2B Tyr-
1472 (the level of Tyr-1472 phosphorylation: control,
100.0 + 5.8%, n = 5; NMDA stimulation, 42.5 £ 3.1%,
n = 5; p < 0.05, Student’s t-test) (Figure 4D). In contrast
to wild-type slices, CRF mRNA expression levels in the
slices from GluN2B-YF mice were virtually unchanged
by the same NMDA stimulation (control: 153.3 + 20.5%,
n = 6; NMDA stimulation: 143.1 + 7.5%, n = 6; p > 0.2,
Student’s i-test) (Figure 4C). Thus, NMDA receptor sti-
mulation is a likely trigger for increased CRF mRNA
expression through de-phosphorylation of Tyr-1472 in
the amygdala.

Discussion

In this study, we showed that Tyr-1472 phosphorylation
of GluN2B is a negative regulator of CRF mRNA
expression in the amygdala. Behaviorally, deficient Tyr-
1472 phosphorylation leads to enhanced anxiety-like
behavior, which is consistent with enhanced CRF signal-
ing [14,17,18]. We further demonstrated that acute
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intraperitoneal injection of NBI 27914, a selective CRF;
receptor antagonist, attenuated the anxiety-like behavior
of GIuN2B-YF mice. Given the established role of CRF
in anxiety [14,16,17], it is likely that the enhanced anxi-
ety phenotype observed in GluN2B-YF mice is linked to
increased CRF expression in the amygdala.

Considering that Tyr-1472 phosphorylation is required
for the NMDA receptor-mediated signaling [13], the
present finding that GluN2B-YF mice exhibit increased
anxiety-like behavior is consistent with previous phar-
macological and genetic studies in rodents showing the
anxiolytic-like effects of NMDA receptor blockade
[24,25]. Strikingly, intra-amygdala injection of an
NMDA receptor antagonist, MK-801, prevents stress-
induced increases in anxiety-like behavior in the EPM
test [25], suggesting that NMDA receptors, especially in
the amygdala, play a key role in regulating anxiety-like
behavior. Interestingly, we found that the level of CRF
was markedly increased in the amygdala of GluN2B-YF
mice but not in other brain regions such as the hippo-
campus, cerebellum, and hypothalamus (Figure 2B-D).
Thus, the Tyr-1472 phosphorylation-dependent regula-
tion of NMDA receptors in the amygdala is likely to be
responsible for anxiety-like behavior. Tissue specific
conditional GluN2B-YF mice would be useful for ana-
lyzing the differential roles of Tyr-1472 phosphorylation.

CRF in the amygdala contributes to anxiety because
injection of CRF antagonists or CRF; receptor antisense
oligonucleotides into the amygdala reduces anxiety-like
behavior in rats [19,20]. In amygdala-derived neuronal
cultures, NMDA receptor stimulation induces CRF
release [26], suggesting that a functional NMDA recep-
tor system regulates CRF signaling in the amygdala. In
this study, we found that the YF mutation in the
Tyr-1472 phosphorylation site leads to increased
CRF mRNA expression (Figure 2). Correlating with
this, NMDA receptor stimulation induced tyrosine de-
phosphorylation of Tyr-1472 and up-regulation of CRF
mRNA expression in amygdala slices (Figure 4). Thus,
Tyr-1472 phosphorylation links NMDA receptor activity
and CRF expression in the amygdala: however, the
mechanisms underlying enhanced CRF mRNA expres-
sion in GluN2B-YF mice remain to be determined. We
previously found that Tyr-1472 phosphorylation regu-
lates NMDA receptor-mediated CaMKII signaling in the
amygdala [13]. A simple model would predict that
downstream NMDA receptor-mediated CaMKII signal-
ing regulates CRF mRNA expression in the amygdala.

One major neuroendocrine system underlying an indi-
vidual’s capacity to cope with stress is the HPA axis
[14]. Besides the regulation of anxiety-like behavior,
CRF is a key coordinator of the HPA axis and an essen-
tial component in the mediation of behavioral responses
to stress [14]. In contrast to the increased CRF levels in
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Figure 4 De-phosphorylation of Tyr-1472 and up-regulation of CRF expression after the EPM test and by NMDA-receptor stimulation.
(A) The level of Tyr-1472 phosphorylation in the amygdala of WT mice was decreased by the EPM test (control, n = 6; EPM test, n = 4; p < 0.05,
Student's t-test). A representative blot is shown in the upper panel. (B) Real-time PCR analyses showed that CRF expression in the amygdala of
WT mice was increased after the EPM test (control, n = 6; EPM test, n = 4; p < 0.05, Student's t-test). {C) Real-time PCR analyses showed that
NMDA stimulation (100 uM NMDA for 7 min) increased CRF expression in the amygdalae of WT mice (control, n = 6; NMDA stimulation, n = 6;
p < 005, Student’s t-test) but not in GIUN2B-YF mice (control, n = 6; NMDA stimulation, n = 6; p > 0.2, Student’s t-test). (D) The same NMDA
stimulation also induced de-phosphorylation of Tyr-1472 in the amygdalae of WT mice (control, n = 5; NMDA stimulation, n = 5; p < 0.05,
Student's t-test). A representative blot is shown in the upper panel. The asterisk indicates significant genotype differences. n.s., not significant.
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the amygdala (Figure 2A), we did not find any signifi-
cant differences in hypothalamic CRF levels between
GluN2B-YF mice and WT mice (Figure 2D). Consistent
with these findings, the basal levels of plasma ACTH in
GluN2B-YF mice were virtually unchanged compared to
those of WT mice (Figure 2F). Thus, the function of
Tyr-1472 phosphorylation may be different between
brain regions. Alternatively, in the hypothalamus, some
compensatory event might have occurred to mask the
hypothalamic phenotypes in GIuN2B-YF mice.

There is widespread interest in CRF, receptor antago-
nists for the treatment of anxiety disorders [21,27]: how-
ever, these potential therapies can influence the function
of the HPA axis in response to stress [28]. Tyr-1472
phosphorylation in GluN2B regulates anxiety-like beha-
vior through regulation of amygdaloid CRF expression
without altering the function of the HPA axis. There-
fore, blocking Tyr-1472 phosphorylation in the amyg-
dala may be a clinically effective means of treating
anxiety disorders without the potential risks associated
with blocking of the function of the HPA axis.

Conclusions

In summary, the present study demonstrates that the
cellular interaction between CRF signaling and NMDA
receptors, especially Tyr-1472 phosphorylation of
GluN2B, is necessary for the regulation of anxiety-like
behavior. GluN2B-YF mice should serve as a useful ani-
mal model to study the pathogenesis of anxiety disor-
ders and to develop therapeutic drugs for the disease.

Methods

Animals

Heterozygous GluN2B-YF mice [13] were successively
backcrossed to C57BL/6] mice to yield subsequent gen-
erations with a pure C57BL/6] genetic background. F10
heterozygous mice were crossed to each other to yield
homozygous mice and wild-type littermates. Male 8-12-
week old mice were used in this study. All experiments
and analyses were done in a completely blind manner.
Experiments with animals were carried out in accor-
dance with the guidelines for animal use issued by the
Committee of Animal Experiments, Institute of Medical
Science, University of Tokyo.

Elevated plus-maze (EPM) test

The elevated plus-maze test (EP-3002; O’ Hara & Co.,
Ltd., Tokyo, Japan) consisted of two open arms (25 x 5
cm) and two enclosed arms of the same size extending
from a central area (5 x 5 cm) and elevated 50 cm from
the ground. The ambient light level was 30 lux. The
mice were placed in the central square of the maze
facing one of the open arms. Mouse behavior was
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recorded during a 10 min test period with a Macintosh
computer using Image EP 2.13x and Image EPC 2.03sx
(O’'Hara & Co., Ltd.), a modified software based on the
public domain of NIH Image program. The following
conventional parameters were recorded: the number of
entries into open or closed arms and the time spent in
open or closed arms.

Real-time PCR

Mice were anesthetized with halothane and immediately
decapitated. Brains were then rapidly removed and frozen
by liquid nitrogen. Serial coronal sections (400 pm thick-
ness) were cryosectioned, and the various brain regions
were collected with a biopsy puncher. Total RNA was
isolated from the brain regions and reverse transcribed
with Superscript III (Invitrogen, Carlsbad, CA, USA).
Real-time PCR was performed with TagMan primers on
an ABI PRISM 7900HT system (Applied Biosystems,
Foster City, CA, USA) according to the supplier’s proto-
col. The following intron-spanning primer sets were
used: HPRT (internal control), Mm0046968_m1l;
CRF, Mm01293920_S1 (Applied Biosystems). Relative
expression levels were determined according to the
2-AACt method (Applied Biosystems, User Bulletin).

Measurements of CRF protein level

Serial coronal sections (200 pm) were cryosectioned,
and the amygdalae were collected [29]. CRF protein
levels were measured by using an enzyme-linked immu-
noassay kit (Mouse/Rat CRF-HS ELISA kit (YK131),
Yanaihara Institute Inc., Shizuoka, Japan) according to
the supplier’s protocol.

Measurements of plasma adrenocorticotropin-releasing
hormone (ACTH) levels

Mice were killed by rapid decapitation, and blood was
collected at around 9:00 AM. Serum was isolated and
frozen at -80°C until analysis. Basal plasma ACTH levels
were measured using an enzyme-linked immunoassay
(SRL Inc., Tokyo, Japan).

Intraperitoneal injection of CRF, receptor antagonist

A non-peptide selective CRF1 receptor antagonist, NBI
27914 (dissolved at 10 mg/ml in DMSO, 10 mg/kg body
weight, Tocris, Bristol, UK) [30] or vehicle (DMSO) was
injected intraperitoneally 45 min before the EPM test.

Pharmacological treatment of brain slices

Coronal slices including the amygdala (400 pm thick-
ness) were prepared from 8- to 10-week-old mice and
placed in an interface-type holding chamber for at least
3 h. Slices were preincubated in ACSF [13] for 1 h and
then stimulated with 100 pM NMDA for 7 min.
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Preparation of lysate, immunoprecipitation and
immunoblotting

Preparation of lysate from the mouse brain and immu-
noblotting were performed as described previously [13].
For quantification, the immunoreacted protein bands
were analyzed with the NIH image software. The rabbit
polyclonal antibody against phospho-Tyr-1472/GluN2B
was described previously [31]. The mouse monoclonal
antibody against GluN2B was purchased from Millipore
(Billerica, MA, USA).

Statistical analysis

All data are expressed as the means = SEM. Statistical
analysis was performed using Student’s ¢ test, one-way
ANOVA, two-way ANOVA, and Tukey’s post hoc test.
Differences with p < 0.05 were considered as significant.

Abbreviations

ACTH: adrenacorticotropin-releasing hormone; ANOVA: analysis of variance;
CRF: corticotropin-releasing factor; EPM: elevated plus-maze; HPA:
hypothalamic-pituitary-adrenocortical; NMDA: N-methyl-D-aspartate.
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Abstract

Background/Aims: A single-nucleotide polymorphism
(SNP) in the KIBRA gene, rs17070145, was reported to be sig-
nificantly associated with episodic memory in cognitively
normal cohorts. This observation has expanded genetic
studies on KIBRA to Alzheimer's disease (AD). Importantly,
the association between KIBRA and episodic memory in AD
has never been addressed. In this study, we investigated
whether the KIBRA rs17070145 SNP influences AD episodic
memory and the disease in a Japanese cohort. Methods:
Blood samples from 346 AD patients and 375 normal cogni-
tive controls were collected and genotyped for rs17070145.
Episodic memory was measured in 32 AD patients, diag-

nosed for the first time, by use of the Rivermead Behavioral
Memory Test (RBMT). Results: We found that KIBRA C allele
carriers scored significantly lower than KIBRA non-C carriers
on both RBMT total profile score (p =0.042, effect size =0.84)
and RBMT total screening score (p < 0.001, effect size = 1.42).
The KIBRA gene did not show association with AD in our Jap-
anese cohort. Conclusion: Our results evidence a strong as-
sociation between the KIBRA gene and episodic memory im-
pairment in AD, but show no influence on AD in our Japa-
nese cohort. We propose that KIBRA might have an effect
similar to cognitive reserve. Copyright © 2010 S, Karger AG, Basel

Introduction

Alzheimer’s disease (AD) is a neurodegenerative dis-
order clinically characterized by a progressive deteriora-
tion of cognitive abilities and memory loss. For the famil-
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ial occurrence of the disease (early-onset), the existence
of familial AD-responsible genes has been demonstrated,
with mutations in 3 genes, APP, PSENI and PSEN2, con-
sistently reported. However, the genetic component that
underlies sporadic AD (late-onset), which accounts for
over 95% of all AD cases, is still poorly understood.

KIBRA (also known as WW and C2 domain-contain-
ing protein 1) is a protein mainly expressed in the brain
and kidney [1], whose functions are still being character-
ized, but that, importantly, has been shown to be involved
in the control of synaptic plasticity in the brain [2]. Re-
cently, it was reported that KIBRA regulated the Salva-
dor/Hippo/Warts network which restricted tissue size
[3]. In 2005, a KIBRA gene single-nucleotide polymor-
phism (SNP), rs17070145, was reported to be significant-
ly associated with episodic memory in 3 independent
cognitively normal cohorts from Switzerland and the
USA [4]. This result was later confirmed in a German
sample of healthy individuals [5], a Japanese sample of
healthy individuals [6] and in a cohort in which nearly
50% of individuals had a diagnosis of mild cognitive im-
pairment [7].

These observations led to studies of the KIBRA
rs17070145 SNP in AD, whose core feature is dysfunction
of episodic memory [8]. Recently, Corneveaux et al. [9]
reported an association of the KIBRA CC genotype
(KIBRA CC carriers) with increased risk for late-onset
AD (n = 702). Conversely, the KIBRA T allele (KIBRA CT
and KIBRA TT carriers) was shown to be associated with
an increased risk for AD in a Spanish cohort [10]. Despite
the available information, KIBRA has not yet been estab-
lished as an AD risk gene, and, importantly, no studies
have ever addressed the association between KIBRA and
episodic memory in AD.

Therefore, in this study, we investigated whether the
KIBRA SNP rs17070145 influences AD episodic memory
and AD in a Japanese cohiort.

Methods

Subjects

We collected blood samples from 346 consecutive AD patients
who visited Osaka University Hospital between July 27, 2001, and
June 10, 2010, and from 375 cognitively normal controls, who
were population-based elderly subjects (Suita City, Japan) tested
by a questionnaire including the date, orientation and history.
Blood samples were collected after written informed consent had
been obtained from subjects and/or representatives. This study
was approved by the genome ethical committee of the Osaka Uni-
versity Graduate School of Medicine. AD patients met the Na-
tional Institute of Neurological and Communicative Disorders

KIBRA Influences Episodic Memory in
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and Stroke-Alzheimer’s Disease and Related Disorders Associa-
tion criteria for probable AD {11].

We also have a research-oriented clinic for patients with cog-
nitive impairment in the Department of Neuropsychiatry of the
Osaka University Medical Hospital. It is also a clinic for early
identification of dementia. In this clinic, all patients were exam-
ined comprehensively by specialists of geriatric psychiatry, and
they underwent standard neuropsychological examinations in-
cluding the Mini Mental State Examination (MMSE), routine lab-
oratory tests, electroencephalography, cranial magnetic reso-
nance imaging and radionuclear neuroimaging studies. Blood
drawing for the genome study was not routine in this clinic.
Eighty first-time diagnosed AD patients agreed to it, and 32 out
of them agreed to an additional visit for the memory examination
by use of the Rivermead Behavioral Memory Test (RBMT) be-
tween September 30, 2002, and May 23, 2007 (RBMT-AD special-
ized clinic subjects). RBMT-AD specialized clinic subjects were
excluded from the study if they (1) had the complication of other
neurological diseases, (2) had any evidence of focal brain lesions
on magnetic resonance images or of cerebral arterial occlusive le-
sions on magnetic resonance angiography, or (3) did not have a
caregiving family member familiar with their everyday life.

Rivermead Behavioral Memory Test

The RBMT, developed by Wilson et al. [12, 13], is a standard-
ized, validated and reliable test for everyday memory, including
personal events, name of persons, newspaper articles, places vis-
ited, routes followed, schedules and appointments. It is difficult
to assess everyday memory with traditional memory tests [14], but
the RBMT differs from conventional tests in that each of its 12
items is an analog of an everyday task, rather than a test based on
experimental material, such as paired associates or list of words.
The Japanese version of the RBMT was developed by Watamori et
al. [15], and its reliability and validity have been previously con-
firmed [16-19]. Concretely, the authors reported that the RBMT
can distinguish AD from both mild cognitive impairment and
normal control, and strongly correlates with objective memory
tests, such as the Everyday Memory Checklist caregiver rating
and Clinical Dementia Rating (CDR) memory domain.

Although the RBMT has 4 parallel forms (A, B, C and D) for
repeated uses, only the RBMT-A form was administered to sub-
jects in this study. The subtests of the RBMT are (1) remembering
afirst name and a surname with a facial portrait, (2) remembering
to ask for a personal item belonging to the subject, (3) remember-
ing to ask about an appointment, (4) picture recognition, (5) re-
membering a short story (immediate), (6) remembering a short
story (delayed), (7) face recognition, (8) remembering a new route
(immediate), (9) remembering a new route (delayed), (10) remem-
bering to deliver a message (immediate and delayed), (11) orienta-
tion for time, place and persons, and (12) date. In 8 of the subtests,
i.e. points 1-4, 6,7, 9 and 10 (delayed), the subjects were instruct-
ed to remember the information that they were about to be given.
The subtests were then conducted 5-30 min after the information
had been given. Subtests 2, 3 and 10 are tests of prospective mem-
ory. In subtest 2, the subjects were asked to hand in a personal item
at the start of the session and instructed to ask for it at the conclu-
sion of the session. The item was then placed out of sight. In sub-
test 3, subjects were instructed at the beginning of the test session
to remember to ask for their next appointment when they heard a
buzzer 20 min later. In subtest 10, they had to remember to de-
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Table 1. Characterization of the KIBRA C carriers and non-C car-
riers of the RBMT-AD specialized clinic subjects

CC/CT T

(n=12) (n=20)

Mean age £ SD, years 68.5%£10.0 722x8.1 0.267
Mean age of first abnormal

memory loss episode reported

by caregivers & SD, years 63.8£2.6 69.3%2.0' 0.104
Male/female, n 517 8/12 1.000
APOE g4+/-,n 10/2 12/8 0.248
CDR score 0.5/1/2,n 1/9/2 3/14/2  1.000
Mean MMSE score * SD 17827 204%46 0.093
Mean ADAS score = SD 20058 17.6%£7.11 0335
Years of education

Median 12 10 0.151

IQR 10.25-15 9-14!

p values assessed by t test (continuous variables) and Fisher’s
exact test (categorical variables). IQR = Interquartile range (Q1-
Q3).

UOne datum was missed.

liver a message in the course of retracing a route around the room.
For each subtest of the RBMT, a raw score was given. Then, two
kinds of score were produced, a simple pass/fail or screening score
ranging in each case from 0 to 1, and a standardized profile score
ranging in each case from 0 to 2. A total screening score ranging
from 0 to 12 and a total profile score ranging from 0 to 24 were
used as indices of overall everyday memory status of the subjects.

Genotyping

Genotyping of KIBRA 1517070145 polymorphism was per-
formed by the Tag-Man SNP assay and ABI Prism 7900HT se-
quence detection system (Applied Biosystems, Foster City, Calif.,
USA) as previously described [20-23]. The apolipoprotein E
(APOE) genotype was determined by the PCR-RFLP method
[20-23].

Statistical Analysis

Baseline characteristics are presented as means * standard
deviation, medians or interquartile ranges for continuous vari-
ables, and frequencies for categorical variables. Comparisons for
continuous variables and categorical variables were performed
with the t test and x? test or Fisher’s exact test, respectively. The
analysis of covariance model was used to investigate the effect of
treatment on the RBMT scores with the following covariate: pres-
ence of the KIBRA SNP C allele (KIBRA CT and KIBRA CCQC),
APQE &4, age, the age of first abnormal memory loss episode re-
ported by caregivers, gender, CDR stage, MMSE score, Alzhei-
mer’s Disease Assessment Scale for Japanese cognitive subscale
(ADAS-Jcog) and/or years of education. The best set of covariates
was selected by using Akaike’s information criterion [24]. All tests
were two-sided, and the statistical significance level was set at 5%.

304 Dement Geriatr Cogn Disord 2010;30:302-308

Statistical analysis was performed with SAS software version 9.02
(SAS Institute, Cary, N.C., USA), and all p values and confidence
intervals (CI) presented are the original and were not corrected
for multiple testing. Meta-analysis of KIBRA CC AD odds ratio
and 95% CI was performed by the Der-Simonian-Laird method.

Results

From the RBMT-AD specialized clinic subjects, we
found 1 patient with KIBRA CC, 11 patients with KIBRA
CT and 20 patients with KIBRA TT (KIBRA non-C car-
riers). KIBRA CCand CT groups (KIBRA C carriers) were
combined because there was only 1 KIBRA CC patient
and that patient displayed memory performance similar
to that of the KIBRA CT group (total profile score was 2,
total screening score was 0). A lower frequency of the
KIBRA C allele was observed, which was in accordance
with the National Center for Biotechnology Information
database of genetic variation (dbSNP) for the Asian pop-
ulation. Most of the patients were in an early stage of de-
mentia (table 1). No significant differences in age, gender,
APOE &4, CDR, MMSE score, ADAS score and years of
education were found between KIBRA C and KIBRA
non-C carriers.

When analyzing the RBMT scores of the two groups,
we found that C carriers scored significantly lower than
non-C carriers on both the profile score (p = 0.042, effect
size = 0.84) and screening score (p < 0.001, effect size =
1.42; table 2), evidencing an association of KIBRA
rs17070145 polymorphism with episodic memory im-
pairment in our Japanese AD cohort. We then assigned
RBMT total scores as dependent variables and KIBRA C,
age, age of first abnormal memory loss episode reported
by caregivers, gender, APOE €4, CDR stage, MMSE score,
ADAS-Jcog score and/or years of education as indepen-
dent variables and performed multiple linear regression
analysis. For all the different combinations, we selected
the appropriate models to which Akaike’s information
criteria were the smallest [24]. Model 1 was appropriate
for total profile score and model 2 for total screening
score. KIBRA C was found to be significantly associated
with both total profile and screening scores after adjust-
ment with the models shown in table 2.

We also analyzed 346 AD patients and 375 cognitively
normal controls. As expected, we found significant dif-
ferences in gender and APOE &4 allele frequencies (ta-
ble 3). KIBRA 1517070145 genotype and allele distribution
in control and AD groups are shown in table 4. The gen-
otype frequencies were in accordance with the Hardy-
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Table 2. RBMT scores (total profile score and total screening score) between KIBRA C carriers and non-C carriers of the RBMT-AD

specialized clinic subjects

CC/CT T p Effect size
Total profile score (not adjusted) 2.17,0.60-3.17 4.26, 3.01-5.51 0.042 0.84
Total profile score (model 1) 1.88, 0.42-3.34 4.22,3.16-5.29 0.012 1.07
Total profile score (model 2) 1.79,0.31-3.27 4.28, 3.20-5.35 0.010 1.13
Total screening score (not adjusted) 0.10, 0.00-0.36 0.93,0.58-1.39 <0.001 1.42
Total screening score (model 1) 0.07, 0.00-0.35 0.91, 0.56-1.37 <0.001 1.54
Total screening score (model 2) 0.05, 0.00-0.31 0.93, 0.58~1.40 <0.001 1.66

Scores are expressed as mean estimates, followed by 95% CI. p values assessed by ANCOVA; model 1: adjusted for APOE g4, years
of education and ADAS score (this model is appropriate for total profile score); model 2: adjusted for APOE ¢4, years of education,
ADAS score and age (this model is appropriate for total screening score).

Table 3. Characterization of cognitively normal controls (NC)
and AD patients

Table 4. 1517070145 genotype and allele distribution in cognitive-
ly normal controls (NC) and AD patients

NC (n=375) AD(n=346) p cc  CT TT P PP P
Mean age = SD,years  75.5%4.9 752+8.6 0.600 NC 13(3.5) 128(34.1) 234(62.4) 0.673 0414 0.694
Male/female, n 170/205 110/236 <0.001  AD  16(4.6) 104(30.1) 226(65.3) 0.669
APOE g4+/-,n 60/315 172/174 <0.001

p values assessed by t test (continuous variable) and Fisher’s
exact test (categorical variables).

Weinberg equilibrium. The KIBRA SNP did not show any
association with AD in our Japanese cohort (table 4), even
after adjustment for age, gender and APOE &4 (data not
shown).

Figure 1 shows KIBRA CC AD odds ratio and 95% CI
in our Japanese cohort and previously reported cohorts.
Our cohort’s KIBRA CC AD odds ratio was 1.35 (95%
CI = 0.64-2.85). Meta-analysis of them was not signifi-
cant (OR = 1.10, 95% CI = 0.92-1.30).

Discussion

Despite numerous reports evidencing association of
KIBRA with episodic memory, the relevance of KIBRA to
AD still remains elusive. In our study, we addressed for
the first time whether KIBRA genetic variation is associ-
ated with episodic memory impairment in AD. Our re-
sults evidence a strong association between the KIBRA

KIBRA Influences Episodic Memory in
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Results are numbers, with percentages in parentheses.

“ p for Hardy-Weinberg equilibrium tests (Pearson ¥ test).
® p for genotype distribution (Fisher’s exact test).

¢ p for allele distribution (Fisher’s exact test).

gene and episodic memory impairment in AD and sug-
gesta role for KIBRA similar to cognitive reserve, with no
impact on diagnosis of AD. ‘

There are several memory test batteries available, such
as the Auditory-Verbal Learning Test (AVLT) [25], the
Revised Wechsler Memory Scale Logical Memory Test
[26], the Rey-Osterrieth complex figure [27] and the
Takeda Three Colors Combination Test [28]. Association
of KIBRA rs17070145 with episodic memory was shown
for the first time by AVLT in 3 independent cognitively
normal cohorts [3], and it has been recently confirmed in
a Scottish cohort study (n = 2,091) [29]. In addition, the
latter reported no association of the KIBRA SNP with the
Revised Wechsler Memory Scale Logical Memory Test
that rewards relational coding (Lothian Barth cohort,
n = 542) [29], suggesting that KIBRA is not specific for
complex episodic memory such as the Revised Wechsler
Memory Scale Logical Memory Test but for simple epi-
sodic memory such as the AVLT instead. In our study, we

Dement Geriatr Cogn Disord 2010;30:302-308



Antemortem Japanese (AD n = 346, NC n = 375)

Antemortem Spanish <75 years (ADn= 172, NCn = 119) [10]
Antemortem Spanish 76-81 years (AD n = 144, NC n = 102) [10]
Antemortem Spanish 82-86 years (AD h =43, NCn=112)[10]

AlP (AD n=2,492, NCn=2,126)

Antemortem Spanish >86 years (AD n = 32, NC n = 95) [10]
Antemortem Canadian (AD n =690, NC n = 686) [35]
Antemortem German (ADn=219,NCn=113)[9]
Antemortem Dutch (AD n =16, NCn=12) [9]
Antemortem Norwegian (AD n = 143, NC n = 97) [9]
Antemortem American (AD n = 230, NC n =170} [9]
Postmortem American (AD n =457, NC n = 245) [9]

NC = Normal controls.

@ Meta-analysis by the Der-Simonian-Laird method (I = 0.29).

0O 05 10 15 20 25 30

Fig. 1. KIBRA CC AD odds ratio and 95% CI in our Japanese cohort and previously reported cohorts.

used the RBMT, which assesses multidimensional as-
pects of everyday memory such as orientation, prose re-
call, visual recognition, prospective memory and so on.
It also includes both complex episodic memory and sim-
ple episodic memory. Our results show that the KIBRA
rs17070145 polymorphism is strongly associated with ep-
isodic memory impairment in our specialized clinic Jap-
anese AD cohort (table 2). MMSE and ADAS-cog showed
no differences between KIBRA C and non-C carriers (ta-
ble 1). These results suggest that the KIBRA gene specifi-
cally seems to affect memory functions but not global
cognitive status.

This association remained significant after adjust-
ment for covariant components, which indicates that the
KIBRA SNP might be an independent risk factor for epi-
sodic memory impairment.

Whereas an association of KIBRA with episodic mem-
ory has been repeatedly reported [4, 5, 7, 29], the impact
of KIBRA on AD is still controversial (fig. 1). In a Spanish
cohort, KIBRA CC AD odds ratio decreased continuous-
ly with age. KIBRA CC AD patients perhaps had earlier
onsets and died soon. Hence, we tested the association
between KIBRA and age of onset and course of the dis-
ease in RBMT-AD specialized clinic subjects. We defined
the age of first abnormal memory loss episode reported
by caregivers as onset age of AD. Although we found no
significant differences between KIBRA C carriers and
non-C carriers, the age of first abnormal memory loss
episode reported by caregivers tended to be later in
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KIBRA non-C carriers (table 1). It is possible that the
presence of the KIBRA T allele delays diagnosis of some
AD clinical symptomatology. This effect could be similar
to the well-reported effect of cognitive reserve, retlected
in years of education. Highly educated individuals have
better cognitive performance and, thus, tend to be judged
as cognitively normal, albeit AD neuropathology is al-
ready present [30-32]. On the other hand, it appears that
AD symptomatology progresses faster in people with
higher education once AD is diagnosed [33]. Incidentally,
in our cohort, duration from first memory loss episode to
AD diagnosis was significantly shorter in the KIBRA TT
group (2.6 = 1.7 vs. 4.7 £ 1.2 years, p = 0.001). We pro-
pose that KIBRA might have an effect similar to cognitive
reserve, particularly in simple word recall.

The impact of APOE, an established AD risk gene that
accelerates AD brain pathology, on episodic memory was
also examined. A recent study reported no differences,
suggesting that APOE e4 does not influence episodic
memory (AVLT delayed recall) in cognitively normal in-
dividuals under 60 years of age [34]. In accordance, our
results evidenced no significant differences in both
RBMT total profile score (APOE g4-: 3.40 & 2.12 vs.
APOE e4+: 3.64 £ 3.16; p = 0.831) and RBMT total
screening score (APOE g4-: 0.80 X 0.63 vs. APOE g4+:
0.86 = 1.17; p = 0.873) between APOE ¢4 carriers and
non-APOE-g4 carriers. This lack of correlation between
APOE and the episodic memory is intriguing and is in
contrast with our findings for KIBRA, which seems to
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have a less certain effect on AD but a more significant
impact on episodic memory in young [4] and elderly sub-
jects [4, 5, 7, 29] and even in mild AD patients, as our
study shows (table 2). It is possible that KIBRA does not
have a direct impact on AD neuropathology but could
have an effect on the clinical diagnosis of AD, in a man-
ner similar to cognitive reserve.

Compared to many reports based on Caucasian sam-
ples, our cohort evidenced lower frequencies of KIBRA
CC. Thus, comparison of our results with those based on
Caucasian samples must be carried out with caution. As
our research-oriented clinic is specialized in the early
identification of dementia, we should take selection bias
into consideration. Further studies with larger samples,

including cognitive functional and pathological data,
will be carried out in the future in order to clarify the im-
portance of the KIBRA SNP for episodic memory and AD
pathology.
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Abstract We investigated the plasma levels of VEGF
and FGF-2, important factors for regulation of neuroplas-
ticity such as neurogenesis, in patients in remission from
major depressive disorders (MDD). The plasma VEGF
levels were significantly higher in the MDD patients than
in the matched control subjects, while no significant dif-
ference in plasma FGF-2 levels was found. In particular,
the MDD patients with family history of psychiatric
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disorders, but not patients without such a family history,
showed significantly higher values of plasma VEGF than
the controls. Although this is a preliminary study, altered
VEGEF levels might be involved in the pathophysiology of
MDD.

Keywords VEGF - FGF-2 - Plasma - Family history -
Mood disorders

Introduction

Recent morphological and histological studies have
suggested that there is an organic impairment of the neu-
ron—glia—vascular network in the brain, so called neuro-
plasticity, and that this impairment is associated with mood
disorders (Pittenger and Duman 2008). Neuroplasticity is a
fundamental mechanism of neuronal adaptation, structur-
ally linked to adult neurogenesis, gliogenesis, and syna-
ptogenesis. Increasing evidence demonstrates that multiple
neurotrophic/growth factor systems, such as brain-derived
neurotrophic factor (BDNF), glial cell line-derived neuro-
trophic factor (GDNF), vascular endothelial growth factor
(VEGF), and fibroblast growth factor 2 (FGF-2) play an
important role in neuroplasticity, and that the dysregulation
of these neurotrophic/growth factor systems might be
involved in mood disorders, including major depressive
disorders (MDD) (Evans et al. 2004; Takebayashi et al.
2006; Warner-Schmidt and Duman 2007; Castren and
Rantamaki 2010).

This aim of this study was to examine whether the
plasma levels of VEGF and FGF-2 are associated with
MDD, because these two major growth factors are impor-
tant for regulating neuroplasticity, particularly neurogene-
sis. In addition, we also measured plasma levels of
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transforming growth factor -1 (TGF-f1), another growth
factor involved in neuroplasticity and immunity.

Materials and methods

Sixteen Japanese patients with MDD (8 males and
8 females; mean age + SD = 53.2 4 13.0 years; age
range = 25-75 years) were recruited from Musashi Hos-
pital at the National Center of Neurology and Psychiatry
(NCNP). All but one of the patients were outpatients. The
diagnosis of MDD and evaluation of symptoms were
determined according to the DSM-IV (American Psychi-
atric Association 1994) after a clinical interview and a
review of clinical records. All patients were under partial
or full remission when their blood was drawn. All but one
of the patients were being treated with psychotropic agents,
such as antidepressants and/or mood stabilizers. The fol-
lowing antidepressant drugs were being administered to
patients: paroxetine (N =4), fluvoxamine N = 4),
amoxapine (N = 4), sulpiride (N = 2), trazodone (N = 2),
milnacipran (N = 2), imipramine (N = 2), clomipramine
(N = 1), amitriptyline (N = 1). Three patients received
lithium (133 mg/day) as a mood stabilizer, eight patients
received combined treatment with more than two types of
antidepressants or an antidepressant plus lithium. We
estimated that each of the patients was receiving a dose
equivalent to 150 mg of imipramine for each antidepres-
sant, based on a previous paper (Takebayashi et al. 2006).
Eight patients had a family history (FH) of a first-degree
relatives with a psychiatric disorder (MDD = 4, schizo-
phrenia = 3, bipolar disorder = 1), while the other eight
patients did not.

Sixteen race, gender, and age-matched healthy control
subjects (8 males and 8 females; mean age + SD =
53.8 &+ 12.5 years; age range = 25-71 years) were recrui-
ted from local advertisements. Subjects with any other
diagnosed mental or physical illness were excluded from the
study. Probands who had first-degree relatives with psychi-
atric disorders were also excluded from the control group.

All subjects, both patients and controls, were non-
smokers. Subjects with hypertension, obesity, or blood
chemistry values outside normal ranges were excluded.
The Ethics Committee of the NCNP approved this study.
Written informed consent was obtained from all subjects
after a full written and verbal explanation of the study.

The blood samples from the patients and the controls
were drawn into tubes with ethylenediaminetetraacetic
acid around noon and stored without blood cells in dif-
ferent storage tubes at —80°C until they were assayed. The
free levels of VEGF, FGF-2 and TGF-f 1 were measured
using the enzyme linked immunosorbent assay (ELISA)
(VEGF, Quantikine; FGF-2, Quantikine HS; R&D systems,
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Minneapolis, MN; TGF-f$1, Emax Immunoassay System,
Promega, Madison, WI) according to the manufacturer’s
instructions.

Regarding statistical analysis, the data were described in
terms of the means 4 standard deviations (SD). A Stu-
dent’s ¢ test was used to analyze the differences between
the two groups. In the case of three groups, one-way
analysis of variance (ANOVA) was used to determine
statistical tendencies. When a significant tendency was
suggested, differences between groups were analyzed using
a Fisher’s protected least significant differences post hoc

“test. The relationship between two variables was examined

using Pearson’s correlation coefficient. p values <0.05
were considered to be statistically significant.

Results

Asshownin Table 1, plasma VEGF levels were significantly
higher in the MDD patients than in control subjects
(p = 0.019), while no significant difference in plasma FGF-
2 levels was found between these two groups (p = 0.823).1In
contrast, the TGF-f 1 level in the MDD patients
(526 £ 158 pg/ml) did not differ from the control subjects
(455 £ 90.9 pg/ml; p = 0.126) (data not shown). One-way
ANOVA indicated that there was a significant difference
among the MDD patients with a FH, and the MDD patients
without a FH, and the control subjects (F = 3.4, p = 0.047)
with regard to the plasma levels of VEGF. In fact, the plasma
VEGEF levels in the MDD patients with a FH were higher
than those of the control subjects (85.8 £ 73.2 pg/ml;
p = 0.021), while the plasma VEGF levels in the MDD
patients without a FH did not differ from the control subjects
(71.0 £ 33.8 pg/ml; p = 0.11) (Fig 1). No significant dif-
ferences in plasma FGF-2 and TGF-f1 levels were found
among the three groups (FGF-2, F = 0.33,p = 0.721; TGF-
pl1, F =195, p = 0.160). No significant correlation was
detected between the levels of VEGF, FGF-2 or TGF-f1
and age (N = 32; VEGF, r =0.17, p = 0.34; FGF-2,
r =0.078,p = 0.67; TGF-$1,r = 0.17,p = 0.34)inany of
the subjects. There were also no gender-related differences in
the levels of VEGF, FGF-2 and TGF-f1 (N = 32, VEGF,
p = 0.569: FGF-2, p = 0.396: TGF-f1, p = 0.155). The
age of onset (r = 0.425, p = 0.10), period of morbidity

Table 1 Plasma VEGF and FGF-2 levels in remitted patients with
MDD and normal subjects

Group VEGF (pg/ml) FGF-2 (pg/ml)
Control (N = 16) 39.0 £ 26.9* 3.19 £ 3.28
MDD (N = 16) 78.4 &+ 55.6* 351 £ 4.62

* p < 0.05, Comparison between two groups of control and MDD,
values are means = SD
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Fig. 1 Higher plasma VEGF concentrations were seen in MDD
patients in remission who had a family history (FH) of psychiatric
disorders compared with control subjects (control). The horizontal
lines indicate the mean & SD. * Significance level = p < 0.05

(r = —0.251, p = 0.349), and antidepressant dose (imipra-
mine equivalents/day) (r = —0.146, p = 0.59) did not cor-
relate with the plasma levels of VEGF (N = 16). Nor was
there any correlation between the age of onset (FGF-2,
r=—0.197, p = 0.464; TGF-f1, r = 0.122, p = 0.652),
period of morbidity (FGF-2, r = —0.211, p = 0.432;
TGF-81, r = 0.122, p = 0.679) and antidepressant dose
(FGF-2, r = 0.327, p = 0.217; TGF-1, r =0.203, p =
0.452) and the plasma levels of FGF-2 or TGF-f1. There
were also no significant differences between the MDD
patients with a FH and those without a FH in terms of age
(55.0 + 11.7 vs. 52.5 &+ 13.9 years old; p = 0.921), age of
onset (45.4 + 15.7 vs. 45.1 & 14.5 years old; p = 0.97),
period of morbidity (9.7 & 9.1 vs. 7.4 &+ 8.0 years; p =
0.60), and antidepressant dose (157 £ 167 vs. 76.6 & 49.3
mg/day; p = 0.22).

Discussion

We found that plasma VEGF levels were significantly
higher in remitted patients with MDD than in matched
healthy control subjects. It was interesting to note that the
VEGF levels were especially high in the MDD patients
with a FH, but not in those without a FH, in comparison to
the controls. The increased VEGF plasma protein con-
centration found in this study is comparable to other studies
that found an increase in VEGF mRNA in peripheral leu-
kocytes of MDD patients during SSRI treatment (Iga et al.
2007) and increased VEGF protein in the serum of un-
medicated depressed patients with comorbid borderline
personality disorder (BPD) (Kahl et al. 2009). In contrast,
other studies have shown the serum VEGF levels of MDD
patients during SSRI treatment (Ventriglia et al. 2009) and
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plasma VEGF levels of depressed patients receiving
pharmacotherapy to not be altered (Dome et al. 2009).
Adding to this controversy, studies in animal models have
demonstrated that antidepressants induced an increase in
the production of VEGF in the brain, likely resulting in
elevated plasma levels of VEGF (Warner-Schmidt and
Duman 2007). Although it is difficult to explain the dis-
crepancies, differences in patient age (the mean age of
patients in our present study is much higher than previous
studies), race, and the duration of pharmacotherapy might
have been responsible. Therefore, additional studies are
required to investigate the relationship between plasma
VEGF levels and drug responses in drug-naive MDD
patients without BPD to clarify whether blood levels of
VEGF are associated with state-dependent condition (i.e.,
the drug medication, psychiatric symptoms or other fac-
tors). In addition, none of the previous reports took the
patients’ FH or genetic factors into consideration. Our
study was therefore the first to identify a possible associ-
ation between plasma VEGF levels and a FH of MDD.

Currently, the mechanism underlying the increase in
VEGF levels in the MDD patients with a FH is unknown.
Some speculate that a genetic factor could be associated
with the increased VEGF production in patients with
MDD. Previous studies have shown that there was no
significant effect of age, gender and family history (pso-
riasis) on plasma VEGF levels in healthy subjects and
psoriasis patients (Larsson et al. 2002; Barile et al. 2006).
So far, there have not been any reports showing a signifi-
cant association between VEGF gene polymorphisms and
MDD, although several studies have looked for such an
association (Iga et al. 2007) (Tsai et al. 2009). As previ-
ously mentioned, antidepressants induce an increase in the
production of VEGF through a neurogenic action (Warner-
Schmidt and Duman 2007). Although the mechanism is
unknown, our findings suggest that a genetic factor might
be associated with the pathway linking VEGF production
to antidepressant in pathophysiology of the MDD patients
with a FH. Further studies are needed to clarify this
hypothesis.

Regarding FGF-2 and TGF-fi1 levels, there were no
significant differences among the MDD patients with a FH,
those without a FH and the control subjects. A previous
study demonstrated that the whole blood levels of TGF-f1
in the MDD patients did not differ from the control subjects
(Takebayashi et al. 2006). In contrast, another study
demonstrated an increase in serum FGF-2 levels in
depressed patients with BPD who were receiving phar-
macotherapy (Kahl et al. 2009). This previous study did not
examine the differences between patients with BPD and
those without BPD, so further investigations are needed to
determine the impact of BPD on the FGF-2 levels. Further,
postmortem and animal studies have suggested that
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antidepressant treatment could induce FGF-2 production in
the brain (Evans et al. 2004; Bachis et al. 2008). Similarly,
additional studies in drug-naive MDD patients will be
needed.

A variety of cells, not only glia and neurons, but also
macrophages, T cells and smooth muscle cells, produce
VEGF, FGF-2 and TGF-f1 (Kahl et al. 2009). However,
the source of increased VEGF was not the focus of our
study and remains unclear.

This study is a preliminary report that has a number of
limitations, including the small number of patients and the
variety of medications that were being used. Recent bio-
chemical studies on mood disorders have revealed altera-
tions in neurotrophic factor systems such as BDNF and
GDNF in the brain, as well as a blood marker (Shimizu
et al. 2003; Takebayashi et al.2009), although a direct link
between either of these proteins and MDD is still unclear.
Taken together with our results, dysregulation of multiple
neurotrophic/growth factor systems, including VEGF, may
be involved in the etiology of complex mood disorders.
Further in-depth studies will be necessary.
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