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1.  Cooperation of LIM domain-binding 2 (LDB2) 
with EGR in the pathophysiology of schizo-
phrenia

Kiyama, Y., Arima-Yoshida, F., Ohnishi, T.1, Yoshi-
kawa, T.1 and Manabe, T.: 1Laboratory for Molecu-
lar Psychiatry, RIKEN Center for Brain Science, 
Wako, Saitama, Japan

Genomic defects with large effect size can help 
elucidate unknown pathologic architecture of mental 
disorders. We previously reported on a patient with 
schizophrenia and a balanced translocation between 
chromosomes 4 and 13 and found that the breakpoint 
within chromosome 4 is located near the LDB2 gene. 
We show here that Ldb2 knockout (KO) mice dis-
played multiple deficits relevant to mental disorders. 
In particular, Ldb2 KO mice exhibited deficits in the 
fear-conditioning paradigm. Analysis of the amygda-
la suggested that dysregulation of synaptic plasticity 
controlled by the immediate-early gene ARC is in-
volved in the phenotypes. We show that LDB2 forms 
protein complexes with known transcription factors. 
Consistently, ChIP-seq analyses indicated that LDB2 
binds to >10,000 genomic sites in human neuros-

pheres. We found that many of those sites, including 
the promoter region of ARC, are occupied by EGR 
transcription factors. Our previous study showed an 
association of the EGR family genes with schizophre-
nia. Collectively, the findings suggest that dysregula-
tion in the gene expression controlled by the LDB2-
EGR axis underlies a pathogenesis of subset of mental 
disorders.

2.  Gastrin-releasing peptide regulates fear learn-
ing under stressed conditions via activation of 
the amygdalostriatal transition area

Goto, F., Kiyama, Y., Ogawa, I., Okuno, H.2, Bito, 
H.3, Yoshida, N.4 and Manabe, T.: 2Department of 
Biochemistry and Molecular Biology, Graduate 
School of Medical and Dental Sciences, Kagoshima 
University, Kagoshima, Japan, 3Department of Neu-
rochemistry, Graduate School of Medicine, Univer-
sity of Tokyo, Tokyo, Japan, 4Laboratory of Devel-
opmental Genetics, Center for Experimental 
Medicine and System Biology, Institute of Medical 
Science, University of Tokyo, Tokyo, Japan

The amygdala, a critical brain region responsible 
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Our major research interest is the molecular mechanisms of higher brain functions 
in mammals such as emotion and memory. We are especially focusing on the roles 
of functional molecules localized in synapses, for instance, neurotransmitter 
receptors, signal transduction molecules and adhesion molecules, in neuronal 
information processing. We are examining receptor functions, synaptic transmission 
and plasticity, and their roles in the whole animal with electrophysiological, 
biochemical, molecular genetic and behavioral approaches. We are also trying to 
elucidate fundamental aspects of psychiatrical and neurological disorders using 
model animals.

03基礎医科学部門_3k.indd   4403基礎医科学部門_3k.indd   44 2022/04/12   17:50:322022/04/12   17:50:32



45

for emotional behavior, is crucially involved in the 
regulation of the effects of stress on emotional behav-
ior. In the mammalian forebrain, gastrin-releasing 
peptide (GRP), a 27-amino-acid mammalian neuro-
peptide, which is a homolog of the 14-amino-acid am-
idated amphibian peptide bombesin, is highly ex-
pressed in the amygdala. The levels of GRP are 
markedly increased in the amygdala after acute stress; 
therefore, it is known as a stress-activated modulator. 
To determine the role of GRP in emotional behavior 
under stress, we conducted some behavioral and bio-
chemical experiments with GRP-knockout (KO) mice. 
GRP-KO mice exhibited a longer freezing response 
than wild-type (WT) littermates in both contextual 
and auditory fear-conditioning tests only when they 

were subjected to acute restraint stress 20 min before 
the conditioning. To identify the critical neural cir-
cuits associated with the regulation of emotional 
memory by GRP, we conducted Arc/Arg3.1-reporter 
mapping in the amygdala with an Arc-Venus reporter 
transgenic mouse line. In the amygdalostriatal transi-
tion area (AST) and the lateral side of the basolateral 
nuclei, fear conditioning after restraint stress in-
creased neuronal activity significantly in WT mice, 
and GRP KO was found to negate this potentiation 
only in the AST. These results indicate that the 
GRP-activated neurons in the AST are likely to sup-
press excessive emotional expression through the reg-
ulation of downstream circuits related to fear learn-
ing following acute stress.
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