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Introduction
Brain-derived neurotrophic factor (BDNF) is a well-studied 
growth hormone that controls numerous complex physio-
logical processes in the nervous system. Herein, we briefly 
review the role of BDNF, and focus on the novel bioactive 
BDNF pro-peptide that is generated by proteolytic process-
ing of the proBDNF precursor. Interestingly, the pro-peptide 
facilitates hippocampal long-term depression, while BDNF 
reportedly enhances long-term potentiation. Thus, these 
peptides appear to have opposing biological roles in the ner-
vous system. Recent and future research in this area could 
provide new insight into the neurobiology and neuropathol-
ogy of BDNF and related proteins.

BDNF Functions and Cellular Mechanisms 
BDNF is a neurotrophin that is widely distributed in the 
central nervous system (CNS) and exerts its biological 
actions by binding to tyrosine kinase receptor TrkB. In 
developing neurons, BDNF mainly promotes survival and 
differentiation. During development, however, the biological 
actions of BDNF extend beyond neuronal survival and dif-
ferentiation. In mature neurons, BDNF reportedly enhances 
synaptic transmission and modulates synaptic plasticity. This 
observation was further supported by genetic and behavioral 
mouse studies, the results of which indicate that the primary 

function of BDNF in the adult brain is to control synaptic 
transmission and plasticity, rather than cell survival. In line 
with these findings, BDNF expression and secretion is elicit-
ed by neuronal activity, a fundamental driving force of neu-
ronal networks. Furthermore, the transcriptional mechanism 
underlying the activity-dependent expression of BDNF has 
been thoroughly investigated. Numerous reports implicate 
impaired BDNF function in cellular mechanisms related to 
brain diseases. Thus, the molecular and cellular knowledge 
concerning BDNF, accumulated since its discovery, has grad-
ually illuminated its physiological and pathological roles. For 
more detailed information, please see a recent review article 
by Castren and Antila (2017).

BDNF Pro-peptide is Localized at Presynaptic 
Dense Core Vesicles in Hippocampal Mossy 
Fibers
Post-translational mechanisms are known to specify and 
diversify the actions of growth factors. However, compared 
with transcription and cell signaling, post-translational 
mechanisms related to BDNF are less well understood. Like 
other growth factors, BDNF is initially synthesized as a pre-
cursor protein (proBDNF, ~270 amino acids), which is com-
posed of a signal sequence, pro-domain, and mature domain 
(Figure 1A). To produce bioactive BDNF, the N-terminal 
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pro-domain (~120 amino acids) is cleaved from proBDNF 
by intracellular and/or extracellular peptidase enzymes 
(Lessmann and Brigadski, 2009). In theory, BDNF and 
its pro-peptide (pro-domain) are produced in equivalent 
amounts after processing, but the existence of the endoge-
nous pro-peptide had not been detected until recently. Die-
ni et al. (2012) first demonstrated the endogenous presence 
of the BDNF pro-peptide by western blotting and immu-
nocytochemistry. Interestingly, in their electro-microscopic 
study, both BDNF and its pro-peptide were localized in 
dense core vesicles in excitatory presynaptic terminals of 
the adult mouse hippocampus, suggesting that they func-
tion in the synapse region and are secreted in an antero-
grade manner.

BDNF Pro-peptide is a Novel Facilitator of 
Long-Term Depression (LTD) 
Although the BDNF pro-peptide corresponds to the N-ter-
minal fragment of proBDNF, we found that it functions 
as a modulator of synaptic plasticity by enhancing hippo-
campal LTD (Mizui et al., 2015). In our study, we applied 
a sequence of low-frequency stimulation (LFS) pulses (900 
pulses, 1 Hz, 15 minutes) to Schaffer collaterals of hippo-
campal slices prepared from 3–4-week-old juvenile mice, 
and measured field excitatory postsynaptic potential (fEP-
SP) slopes in the CA1 area. We showed that a 30-minute 
treatment with the BDNF pro-peptide (10 ng/mL) enhanc-
es LTD without affecting basal synaptic transmission, and 
a sub-nanomolar concentration of BDNF pro-peptide is 
sufficient for LTD enhancement (Figure 1B, Val-BDNF 
pro-peptide + LFS). Additionally, application of the BDNF 
pro-peptide to Bdnf–/– hippocampal slices facilitates LTD, 
confirming the role of the pro-peptide as a ligand. This 
work also revealed mechanistic details; BDNF pro-pep-
tide-dependent LTD facilitation requires the activation 
of GluN2B-containing N-methyl-D-aspartate (NMDA) 
receptors and the pan-neurotrophin receptor p75NTR. In a 
study using Banker-style primary cultures of hippocampal 
neurons, BDNF pro-peptide promoted NMDA-induced 
α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid 
(AMPA) receptor endocytosis, a critical mechanism for 
LTD expression. More recently, it was demonstrated that 
exposure of mature hippocampal neurons to the BDNF 
pro-peptide dramatically reduced dendritic spine densi-
ty in vitro (Guo et al., 2016). Interestingly, this effect was 
mediated by caspase-3, and BDNF pro-peptide increased 
the number of elongated mitochondria and the amount of 
cytosolic cytochrome c, indicating the involvement of the 
mitochondrial-caspase-3 pathway in the BDNF pro-pep-
tide-induced decrease in spine density. BDNF pro-peptide 
has also recently been linked to growth cones (Anastasia 
et al., 2013) and LTD (Mizui et al., 2015), suggesting that 
it may act as a negative regulator of neuronal structure and 
function at distinct developmental stages.

Molecular Role of the Common Val66Met 
BDNF Polymorphism
There is a body of evidence speculating on the impact of 
the common Val66Met BDNF polymorphism in human 
brain functions and diseases (Notaras et al., 2015). Several 
reports focused on the molecular outcome of this amino 
acid substitution. We previously showed that the Val66Met 
polymorphism impairs intracellular trafficking of BDNF 
(Egan et al., 2003). It was next reported that the Vps10p 
protein sortilin interacts with the BDNF pro-domain, and 
the Val66Met mutation stimulated the interaction of the 
BDNF pro-domain with BDNF rather than with sortilin 
(Chen et al., 2005). Furthermore, we recently quantitatively 
demonstrated that the Val66Met mutation enhanced the 
stability of the complex between BDNF and its pro-pep-
tide using surface plasmon resonance, and found that the 
interaction is stronger in acidic conditions (Uegaki et al., 
2017). In another report, hippocampal slices prepared 
from mice with the Val66Met mutation revealed defective 
NMDAR-dependent synaptic plasticity (Ninan et al., 2010). 
Interestingly, our recent report showed that the BDNF 
pro-peptide-induced LTD and its mechanism endocytosis 
of GluA2, was reversed by the mutated BDNF pro-peptide 
(Figure 1B, Met-BDNF pro-peptide + LFS) (Mizui et al., 
2015). These findings together suggest that the Val66Met 
polymorphism impacts the cellular activity of BDNF and 
the BDNF pro-peptide. In the future, it will be interesting 
to investigate the impact of the Val66Met BDNF polymor-
phism at the level of neuronal circuits, and probe the mech-
anistic influence in brain diseases.

Development of Potential New Therapies for 
Brain Diseases Based on BDNF and Related 
Proteins
The roles of BDNF and related proteins in human neurologi-
cal and neuropsychiatric disorders are receiving increasing 
attention, and new BDNF-related diagnostic tools and 
treatments are anticipated. Lim et al. (2015) measured the 
concentration of BDNF pro-peptide and mature BDNF 
in extracts of age-matched postmortem hippocampal 
samples from patients with advanced Alzheimer’s disease 
(AD; Braak Stages 5–6) and healthy individuals, and found 
that the BDNF pro-peptide was markedly elevated in AD 
patients (Lim et al., 2015). Furthermore, in postmortem 
brain samples of AD patients, the abundance of full-length 
p75NTR (p75NTRFL) was increased, while the extracellular 
domain (p75NTRECD) that is released following cleavage by 
α-secretase was decreased (Yao et al., 2015). Taken togeth-
er with our observation that the BDNF pro-peptide en-
hances hippocampal LTD through the activation of p75NTR 
(Mizui et al., 2015), the current neurological knowledge 
may lead to the development of new drug treatments for 
AD.

Adult neurogenesis in the subventricular zone (SVZ) and 
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hippocampal dentate gyrus has been demonstrated in stud-
ies going back to the 1960s. In these regions, there are neural 
stem cells (NSCs) and neural progenitor cells (NPCs), which 
might be the cellular basis for endogenous regenerative 
therapy for brain damage. It was demonstrated that NPCs 
were detectable in the cortex, and their ability to produce 
new neurons was activated after brain ischemia (Ohira et 
al., 2010) and antidepressant treatments (Ohira et al., 2013). 
Additionally, new-born neurons possessed neuroprotective 
activity by inhibiting neuronal cell death via glutamate exci-
totoxicity in ischemia (Ohira et al., 2013). 

Previously, it was demonstrated that brain ischemia elicits 
BDNF expression (Lindvall et al., 1994) and adult neurogen-
esis (Liu et al., 1998). A recent report shows that NSCs and 
NPCs express neurotrophin receptors, p75NTR and Trk recep-
tors, and neurotrophin signaling could control proliferation 

and differentiation of NSCs and NPCs (Vilar and Mira, 2016; 
Castren and Antila, 2017). Taken together, BDNF signaling 
might undergo neuroprotective and neuroregerative actions 
of NPCs against ischemia, while the BDNF pro-peptide (An-
astasia et al., 2013; Mizui et al., 2015; Guo et al., 2016) may 
exert pathological action on NPCs and progressive role on 
ischemia.

Herein, we reviewed the role of the BDNF pro-peptide 
that corresponds to the N-terminus of proBDNF following 
cleavage by proteolytic processing. The BDNF pro-peptide 
is detectable in multiple cell and tissue types and elicits hip-
pocampal LTD and spine pruning. Moreover, an interesting 
recent study showed that the BDNF pro-peptide is more 
abundant in the brain during development, and appears to 
control growth cone collapse (Anastasia et al., 2013). Thus, 
a new ligand-based model, in which BDNF and its pro-pep-

Figure 1 BDNF pro-peptide is a novel 
synaptic modulator generated from the 
BDNF precursor and Val66Met BDNF 
polymorphism located in the BDNF 
pro-peptide-dependent exerts distinct 
functions in LTD. 
(A) The BDNF pro-peptide is generated 
by proteolytic processing of proBDNF. The 
N-terminus fragment is shown to be localized 
at presynaptic dense core vesicles (Dieni et 
al., 2012) and secreted from cultured hip-
pocampal neurons (Anastasia et al., 2013; 
Mizui et al., 2015). (B) At hippocampal 
CA1–CA3 synaptic junctions, valine-type 
BDNF pro-peptide facilitates LFS-induced 
hippocampal LTD and induces endocytosis 
of GluA2, a crucial mechanism of LTD ex-
pression (middle). However, methionine-type 
pro-peptide attenuates LTD and the under-
lying mechanism, endocytosis of GluA2 is 
reversed by the mutated pro-peptide (right). 
This figure summarizes our recent findings 
(Mizui et al., 2015). AMPAR: α-Amino-3-hy-
droxy-5-methyl-4-isoxazolepropionic acid 
receptor; BDNF: brain-derived neurotrophic 
factor; LTD: long-term depression; NMDAR: 
N-methyl-D-aspartate receptor; TrkB: tyro-
sine receptor kinase B. 

 A   
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tide exert distinct biological functions, could provide novel 
insight into the biology of neurotrophins and support the 
development of new therapies for brain diseases.
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