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Abstract: Neuregulin-1 (NRG1) is a well-recognized risk gene for schizophrenia and is often implicated in the 
neurodevelopmental hypothesis of this illness. Alternative splicing and proteolytic processing of the NRG1 
gene produce more than 30 structural variants; however, the neuropathological roles of individual variants 
remain to be characterized. On the basis of the neurodevelopmental hypothesis of schizophrenia, we 
administered eNRG1 (0.1~1.0 μg/g), a core epidermal growth factor-like (EGF) domain common for all splicing 
NRG1 variants, to neonatal mice and compared their behavioral performance with mice challenged with a full 
mature form of type 1 NRG1 variant. During the neonatal stage, recombinant eNRG1 protein administrated 
from the periphery passed the blood-brain barrier and activated its receptor (ErbB4) in the brain. In adults, the 
mice receiving the highest dose exhibited lower locomotor activity and deficits in prepulse inhibition and tone-
dependent fear learning, although the hearing reduction of the eNRG1-treated mice may explain these 
behavioral deficits. Neonatal eNRG1 treatment also significantly potentiated MK-801-driven locomotor activity 
in an eNRG1 dose-dependent manner. In parallel eNRG1 treatment enhanced MK-801-driven c-Fos induction 
and decreased immunoreactivity for NMDA receptor subunits in adult brain. In contrast, mice that had been 
treated with the same molar dose of a full mature form of type 1 NRG1 as neonates did not exhibit 
hypersensitivity to MK-801. However, both animal models exhibited similar hypersensitivity to 
methamphetamine. Collectively, our findings suggest that aberrant peripheral NRG1 signals during 
neurodevelopment alter later behavioral traits and auditory functions in the NRG1 subtype-dependent manner. 
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INTRODUCTION 
 Genetic polymorphism of neuregulin-1 (NRG1) is 
suggested to associate with vulnerability to psychiatric 
diseases such as schizophrenia and bipolar disorder 
[1-3]. The genetic association of NRG1 with 
schizophrenia was first demonstrated with the 
haplotype block called HAPICE that is located in the 5’-
end of the gene and consists of three single nucleotide 
polymorphisms (SNPs) and two microsatellites [1]. This 
initial finding has been replicated in multiple samples, 
but not in all populations [1-3]. Alternative splicing or 
promoter usage of the NRG1 gene produces multiple 
isoforms of NRG1 precursor proteins (type I-VI) [4-6]. 
The posttranslational processing of the NRG1 
precursors further modifies the protein structures of 
these isoforms to alter their biological activity [7]. 
However, the pathological contribution of each NRG1 
isoform is not fully understood. Genetic mutant mice 
that lack the isoform-specific exon(s) or overexpress a 
specific isoform of NRG1 exhibit distinct behavioral 
abnormalities relevant to schizophrenia endopheno-
types, potentially suggesting the divergence of the  
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isoforms’ functions in vivo [8-12]. These experiments 
were often performed by independent researchers and 
did not allow us to accurately compare the behavioral 
consequences of the individual isoforms’ 
manipulations. To test the functional difference of the 
NRG1 isoforms, here, we investigated and compared 
the behavioral traits of the mice treated with type1 
NRG1 (T1-NRG1) and those with its processing 
product; an epidermal growth factor (EGF) domain 
peptide (eNRG1). These NRG1 derivatives are 
potentially induced or recruited in the prenatal and 
perinatal immune inflammatory processes that are 
implicated in schizophrenia etiology [13,14]. 
 We have been testing the neurodevelopmental 
hypothesis of schizophrenia, assessing the 
neurobehavioral impact of neonatal exposure to T1-
NRG1 [15]. In addition to T1-NRG1, here, we 
challenged mouse neonates with eNRG1 to compare 
the neurobehavioral effects of the two NRG1 variants, 
eNRG1 and T1-NRG1. Although there are multiple 
isoforms of NRG1 precursor proteins (type I-VI), which 
are generated by alternative splicing or promoter usage 
of the NRG1 gene, but all NRG1 isoforms carry this 
core active domain (i.e., eNRG1) for their receptor 
binding [5,6]. Moreover, eNRG1 is naturally produced 
by proteolytic processing of T1-NRG1 with a protease, 
neuropsin, and suggested to exert a distinct action in 
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