
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/323608111

Dysfunction in Brain-Derived Neurotrophic Factor Signaling Pathway and

Susceptibility to Schizophrenia, Parkinson’s and Alzheimer’s Diseases

Article  in  Current Gene Therapy · May 2018

DOI: 10.2174/1566523218666180302163029

CITATIONS

10
READS

439

3 authors:

Some of the authors of this publication are also working on these related projects:

Non-invasive Brain Stimulation in Psychiatric Disorders View project

Neurofeedback Therapy in Psychiatric Disorders View project

Alireza Mohammadi

90 PUBLICATIONS   13,961 CITATIONS   

SEE PROFILE

Vahid Ghasem Amooeian

Tehran University of Medical Sciences

5 PUBLICATIONS   25 CITATIONS   

SEE PROFILE

Ehsan Rashidi

Tehran University of Medical Sciences

4 PUBLICATIONS   23 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Alireza Mohammadi on 29 December 2019.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/323608111_Dysfunction_in_Brain-Derived_Neurotrophic_Factor_Signaling_Pathway_and_Susceptibility_to_Schizophrenia_Parkinson%27s_and_Alzheimer%27s_Diseases?enrichId=rgreq-dea22fb72f033e4437072637cffb9507-XXX&enrichSource=Y292ZXJQYWdlOzMyMzYwODExMTtBUzo4NDEzMTA5MzIwNTgxMTRAMTU3NzU5NTU2NTg1Ng%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/323608111_Dysfunction_in_Brain-Derived_Neurotrophic_Factor_Signaling_Pathway_and_Susceptibility_to_Schizophrenia_Parkinson%27s_and_Alzheimer%27s_Diseases?enrichId=rgreq-dea22fb72f033e4437072637cffb9507-XXX&enrichSource=Y292ZXJQYWdlOzMyMzYwODExMTtBUzo4NDEzMTA5MzIwNTgxMTRAMTU3NzU5NTU2NTg1Ng%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Non-invasive-Brain-Stimulation-in-Psychiatric-Disorders?enrichId=rgreq-dea22fb72f033e4437072637cffb9507-XXX&enrichSource=Y292ZXJQYWdlOzMyMzYwODExMTtBUzo4NDEzMTA5MzIwNTgxMTRAMTU3NzU5NTU2NTg1Ng%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Neurofeedback-Therapy-in-Psychiatric-Disorders?enrichId=rgreq-dea22fb72f033e4437072637cffb9507-XXX&enrichSource=Y292ZXJQYWdlOzMyMzYwODExMTtBUzo4NDEzMTA5MzIwNTgxMTRAMTU3NzU5NTU2NTg1Ng%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-dea22fb72f033e4437072637cffb9507-XXX&enrichSource=Y292ZXJQYWdlOzMyMzYwODExMTtBUzo4NDEzMTA5MzIwNTgxMTRAMTU3NzU5NTU2NTg1Ng%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alireza_Mohammadi15?enrichId=rgreq-dea22fb72f033e4437072637cffb9507-XXX&enrichSource=Y292ZXJQYWdlOzMyMzYwODExMTtBUzo4NDEzMTA5MzIwNTgxMTRAMTU3NzU5NTU2NTg1Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alireza_Mohammadi15?enrichId=rgreq-dea22fb72f033e4437072637cffb9507-XXX&enrichSource=Y292ZXJQYWdlOzMyMzYwODExMTtBUzo4NDEzMTA5MzIwNTgxMTRAMTU3NzU5NTU2NTg1Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alireza_Mohammadi15?enrichId=rgreq-dea22fb72f033e4437072637cffb9507-XXX&enrichSource=Y292ZXJQYWdlOzMyMzYwODExMTtBUzo4NDEzMTA5MzIwNTgxMTRAMTU3NzU5NTU2NTg1Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Vahid_Ghasem_Amooeian?enrichId=rgreq-dea22fb72f033e4437072637cffb9507-XXX&enrichSource=Y292ZXJQYWdlOzMyMzYwODExMTtBUzo4NDEzMTA5MzIwNTgxMTRAMTU3NzU5NTU2NTg1Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Vahid_Ghasem_Amooeian?enrichId=rgreq-dea22fb72f033e4437072637cffb9507-XXX&enrichSource=Y292ZXJQYWdlOzMyMzYwODExMTtBUzo4NDEzMTA5MzIwNTgxMTRAMTU3NzU5NTU2NTg1Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Tehran_University_of_Medical_Sciences?enrichId=rgreq-dea22fb72f033e4437072637cffb9507-XXX&enrichSource=Y292ZXJQYWdlOzMyMzYwODExMTtBUzo4NDEzMTA5MzIwNTgxMTRAMTU3NzU5NTU2NTg1Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Vahid_Ghasem_Amooeian?enrichId=rgreq-dea22fb72f033e4437072637cffb9507-XXX&enrichSource=Y292ZXJQYWdlOzMyMzYwODExMTtBUzo4NDEzMTA5MzIwNTgxMTRAMTU3NzU5NTU2NTg1Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ehsan_Rashidi4?enrichId=rgreq-dea22fb72f033e4437072637cffb9507-XXX&enrichSource=Y292ZXJQYWdlOzMyMzYwODExMTtBUzo4NDEzMTA5MzIwNTgxMTRAMTU3NzU5NTU2NTg1Ng%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ehsan_Rashidi4?enrichId=rgreq-dea22fb72f033e4437072637cffb9507-XXX&enrichSource=Y292ZXJQYWdlOzMyMzYwODExMTtBUzo4NDEzMTA5MzIwNTgxMTRAMTU3NzU5NTU2NTg1Ng%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Tehran_University_of_Medical_Sciences?enrichId=rgreq-dea22fb72f033e4437072637cffb9507-XXX&enrichSource=Y292ZXJQYWdlOzMyMzYwODExMTtBUzo4NDEzMTA5MzIwNTgxMTRAMTU3NzU5NTU2NTg1Ng%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ehsan_Rashidi4?enrichId=rgreq-dea22fb72f033e4437072637cffb9507-XXX&enrichSource=Y292ZXJQYWdlOzMyMzYwODExMTtBUzo4NDEzMTA5MzIwNTgxMTRAMTU3NzU5NTU2NTg1Ng%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alireza_Mohammadi15?enrichId=rgreq-dea22fb72f033e4437072637cffb9507-XXX&enrichSource=Y292ZXJQYWdlOzMyMzYwODExMTtBUzo4NDEzMTA5MzIwNTgxMTRAMTU3NzU5NTU2NTg1Ng%3D%3D&el=1_x_10&_esc=publicationCoverPdf


 

 
C

ur
re

nt
 G

en
e 

Th
er

ap
y

',,�+��B���B���
�',,�+���CB�B���

������
����	
�
���

�������
�������

 

Alireza Mohammadi
1,
*, Vahid Ghasem Amooeian

2
 and Ehsan Rashidi

2
 

1Neuroscience Research Center, Baqiyatallah University of Medical Sciences, Tehran, Iran; 2Students' Scientific Re-
search Center (SSRC), Tehran University of Medical Sciences, Tehran, Iran 

 

A R T I C L E  H I S T O R Y 

Received: November 10, 2017 

Revised: January 27, 2018 
Accepted: February 27, 2018 
 
DOI: 
10.2174/1566523218666180302163029 

Abstract: Brain-Derived Neurotrophic Factor (BDNF) is a dominant neurotrophic factor in the brain 

which plays a crucial role in differentiation, regeneration and plasticity mechanisms. Binding of the 

BDNF to its high-affinity Tropomyosin-related kinase B (TrkB) receptor leads to phosphorylation of 

TrkB, thus activating the three important downstream intracellular signaling cascades within the neu-

ral cells including phosphatidylinositol 3-kinase/protein kinase B (PI3K/AKT), Phospholipase C-γ 

(PLCγ), and mitogen-activated protein kinase/extracellular signal-related kinase (MAPK/ERK) path-

ways. Transcription of these pathways is regulated by cAMP Response Element-Binding protein 

(CREB) transcription factor, which can upregulate gene expression. In this review, we attempted to 

explore the role of BDNF and its associated pathways in susceptibility to Schizophrenia (Scz), Alz-

heimer's (AD), and Parkinson's (PD) diseases. Furthermore, we discuss dysfunction in BDNF signal-

ing pathway and the therapeutic potential of BDNF in the treatment of these disorders. The review 

covers various therapeutic strategies including BDNF gene therapy, transplantation of BDNF-

expressing cell grafts, epigenetic manipulation, and intraparenchymal BDNF protein infusion as well. 

This review seeks to achieve these goals by reviewing recent studies on BDNF and examining the de-

tails of BDNF pathway in any of the above-mentioned diseases. 

Keywords: Gene delivery, BDNF, PLCγ, MAPK/ERK, Susceptibility, PI3K/AKT. 

1. INTRODUCTION 

Neurotrophins are a group of important dimeric polypep-
tides in the brain which are highly involved in neuronal 
health. They are known to play crucial roles in the survival, 
development, and function of neurons. Neurotrophins consist 
of five members including Nerve Growth Factor (NGF), 
Brain-Derived Neurotrophic Factor (BDNF), Neurotrophin-3 
and Neurotrophin-4 (NT-3 and NT-4), and Dehydroepian-
drosterone (DHEA) or DHEA sulfate [1, 2]. BDNF is sig-
nificantly involved in various aspects of neuron development 
and differentiation, plasticity, and repair mechanisms [3]. 
BDNF also supports the survival of some neurons, including 
mesencephalic dopaminergic, septal cholinergic and striatal 
GABAergic neurons. It was reported that homozygous muta-
tion of BDNF gene causes remarkable degeneration in sen-
sory ganglia and vestibular ganglion as well as a severe dis-
turbance in coordination [4]. It is well documented that 
BDNF inhibits neuronal death induced by ischemia, oxida-
tive stress, glutamate toxicity and proteins such as amyloid-
β. These neuroprotective effects of BDNF have been con-
firmed by in vivo studies on animal models of ischemia,  
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oxidative stress associated with Parkinson’s disease, gluta-
mate toxicity associated with seizure, and amyloid β over-
expression associated with Alzheimer’s disease [5]. It has 
been established that BDNF affects the dopamine receptor 
expression, thus it has been implicated in the pathophysiol-
ogy of schizophrenia and mood disorders as well as in the 
treatment of various related conditions [6, 7]. The gene re-
sponsible for the production of BDNF is located on chromo-
some 11p13 and p14 [8]. BDNF is produced from a precur-
sor protein called pre-pro-BDNF which is cleaved to pro-
BDNF. Afterward, pro-BDNF is cleaved to mature BDNF 
[9]. Recent evidence indicates that pro-BDNF has some ac-
tivities in the Central Nervous System (CNS) independent 
from mature BDNF. They are both identified to activate dif-
ferent intracellular signaling pathways through different re-
ceptors [10, 11]. Pro-BDNF interacts with low-affinity neu-
rotrophin receptor p75 (p75NTR), while mature BDNF acti-
vates the high-affinity Tropomyosin-related kinase B (TrkB) 
receptor. TrkB starts to dimerize upon binding with mature 
BDNF. This activates a signaling cascade within the target 
cell with at least three different transduction pathways which 
results in the maintenance of survival, growth, and synaptic 
plasticity of neurons (Fig. 1) [12]. The pro-survival effects of 
BDNF along with its synapse-enhancing function make the 
BDNF-TrkB pathway a potential therapeutic target for neu-
rodegenerative diseases [13]. 
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In the current review article, we focused on these path-
ways particularly their involvement with different neurologi-
cal diseases. We have described how the BDNF triggers a 
cascade of intracellular messengers, each of which plays a 
vital role in susceptibility to Scz, PD, and AD. 

2. BDNF SIGNALING THROUGH TROPOMYOSIN-
RELATED KINASE B RECEPTORS 

TrkB receptor starts to dimerize when BDNF is bound to 
its domain. Dimerized TrkB causes auto-phosphorylation of 
receptor tyrosine kinase. This leads to the activation of intra-
cellular signaling pathways. There are at least three signal 
transduction pathways regulated by BDNF-TrkB activation 
including PI3K/AKT, PLCγ, and MAPK/ERK pathways 
which activates protein kinase C, serine/threonine kinase 
AKT, and numerous downstream molecules, respectively. 
These signaling pathways indicate the unique role of BDNF 
[14]. 

2.1. PI3K/AKT Signaling Pathway and Neural Survival 

Following the binding of BDNF to TrkB receptor, phos-
phatidylinositol 3-kinase (PI3K) pathway is activated [15]. 
PI3K activates numerous proteins and pathways, including 
protein kinase B (Akt) [16] which are a key role-player in 
mitogenic signaling and cell survival [17]. It has been dem-
onstrated that BDNF is highly necessary for the survival of 

cholinergic, dopaminergic, GABAergic, and serotonergic 
neurons [18]. Owing to the identified involvements of the 
mentioned neurons in disorders such as AD, PD, Scz, 
Huntington’s disease, Major Depression Disorder (MDD), 
anxiety disorders, addiction, Attention Deficit Hyperactivity 
Disorder (ADHD), autism, epilepsy, stiff-person syndrome, 
and premenstrual dysphoric disorder, disturbance in BDNF 
signaling pathway is assumed to be associated with these 
conditions [19-23]. The interactions between neuronal death 
and survival during the early development of the nervous 
system have been recapitulated in in-vivo studies. Re-
searches have demonstrated that the sympathetic, hippocam-
pal, cortical, cerebellar, and motor neurons can be cultured in 
vivo in the presence of proper neurotrophic stimuli and die 
by apoptosis after withdrawal of neuro-trophic agents. 
BDNF is an important factor required for neural survival. 
These findings are supported by the fact that genetically 
modified BDNF deficient mice showed an elevation in apop-
totic cell death in the cerebellum [24, 25]. As it has been 
previously described in this review, PIP3 leads to the activa-
tion of several serine/threonine kinases, including Akt/pro-
tein kinase B, upon activations of specific pathways [26]. 
Akt is attached to the inner surface of the plasma membrane 
through its interaction with the phospholipid products of 
PI3K. Researchers have shown that the ability of neu-
rotrophins to enhance neural survival requires a functional 
PI3K-Akt pathway [27]. The PI3K-Akt pathway also regu-

 

Fig. (1). BDNF-TrkB signaling pathways and downstream intracellular signaling cascades. The activation of the intracellular tyrosine 

kinase is initiated upon the attachment of BDNF to the extracellular domain of TrkB. This leads to autophosphorylation of intracellular parts 

of TrkB which provokes the activation of intracellular signaling cascades including PI3K/Akt, PLCγ, and MAPK/ERK pathways. Phos-

phorylation of TrkB tyrosine recruits the Src homology 2 domain-containing (Shc) adaptor protein, followed by recruitment of Growth factor 

receptor-bound protein 2 (Grb2) and Son of Sevenless (SOS) which activates the Ras–MAPK pathway [8]. Moreover, Shc–Grb2 recruits 

Grb2-associated binder-1 (GAB1) and activates the PI3K-Akt pathway (left). Moreover, phosphorylation of the remaining TrkB tyrosine 

results in the recruitment of PLCγ which leads to the formation of IP3 as well as the regulation of intracellular Ca
2+

 and Diacylglycerol 

(DAG). DAG can activate Ca
2+

/calmodulin-dependent protein kinase (CAMK) and Protein Kinase C (PKC). The described signaling path-

ways are known to have major involvements with neuronal growth, survival and plasticity. 
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lates cell proliferation and metabolism, however, it is impor-
tant to identify which particular Akt targets mediate its neu-
ral survival effects. An article by Yamaguchi et al. reported 
that Akt enhances neural survival in the hippocampus by 
inhibiting the activity of the tumor suppressor p53 [28]. p53 
initiates the expression of genes related to cellular death such 
as Bcl-2 family member BAX [29]. These findings raise the 
possibility that Akt’s survival function is partly dependent on 
the inhibition of p53 activity which diminishes BAX tran-
scription. Currently, the mechanism by which Akt inhibits 
the activity of p53 remains unclear mainly because Akt does 
not phosphorylate p53 directly [28]. Furthermore, the PI3K-
Akt pathway directly regulates the cytoplasmic apoptotic 
pathway. Akt has been reported to act prior to the release of 
cytochrome c, regulating the activity of Bcl-2 family mem-
bers as well as mitochondrial function, and subsequent to the 
release of cytochrome C, regulating components of the apop-
tosome [30, 31]. 

2.2. PLCγ Signaling Pathway and Neural Plasticity 

PLC-γ pathway is initiated upon the activation of TrkB 
receptor. This pathway is believed to activate inositol 
trisphosphate (IP3) receptor which releases the intracellular 
calcium stores. Elevated levels of intracellular calcium in-
crease the activity of CaMK which increases neuron’s synap-
tic plasticity [32]. Impaired synaptic plasticity is connected 
to several conditions including epilepsy, Scz, bipolar disor-
der [14], HD, depression and AD [33]. Therefore, BDNF 
appears to have major impressions in these diseases as well. 
Synaptic plasticity is referred to as modulation of the struc-
ture or function of synapses which totally depends on synap-
tic activity. Measurement of synaptic Long-Term Potentia-
tion (LTP) is known as a powerful way for investigating neu-
ronal plasticity. LTP is a sustained elevation of synaptic effi-
cacy. There are two kinds of LTPs. Early-phase LTP (E-
LTP) is referred to as a short-term LTP, lasting about 1–2 
hours which is induced by a single short high-frequency 
tetanic stimulation. Late-phase LTP (L-LTP) is known as a 
long-lasting LTP induced by multiple strong tetanic stimuli. 
L-LTP might last for several days. Unlike E-LTP, L-LTP 
requires genomic transcription and translation. L-LTP is gen-
erally accompanied by morphological alterations of the syn-
apses. It has been reported that gradual perfusion of BDNF 
through the hippocampus of neonate rats facilitates E-LTP at 
hippocampal synapses [34, 35]. Simultaneously, slow 
perfusion of BDNF through adult rat hippocampus has been 
reported to convert induced short-term synaptic potentiation 
into LTP. A recent study showed the long-standing effects of 
BDNF in facilitating basal synaptic transmission [36]. Ap-
plication of acute BDNF results in a rapid increase in BDNF 
levels and transient activation of the TrkB receptor, leading 
to a rapid improvement in synaptic transmission. In contrast, 
slow perfusion of BDNF causes gradual elevation in BDNF 
levels and a sustained activation of TrkB signaling, which 
results in an increase in the magnitude of LTP [36]. Applica-
tion of BDNF to the induced E-LTP leads to sustained L-
LTP in hippocampal slices [37]. Likewise, it has been re-
ported that in mice with high levels of BDNF, weak tetanus 
stimulation was able to induce L-LTP. This is reported to be 
reversed by TrkB-specific immunoglobulin G [38]. The ex-
tracellular conversion of pro-BDNF to mature BDNF is a 

crucial step that is mediated by a tissue plasminogen activa-
tor (t-PA) [37]. The L-LTP impairment is observed in mice 
lacking   t-PA. 

2.3. MAPK/ERK Signaling Pathway and Neural Growth 

The Mitogen-Activated Protein Kinase (MAPK) and Ex-
tracellular signal-Related Kinase (ERK) pathways are initi-
ated by Ras small GTP-binding protein which is a mem-
brane-bounded intracellular molecule. This GTP-binding 
protein which itself is activated by TrkB receptor can cause 
numerous functions including proliferation. Studies have 
shown that disturbances of these pathways may cause β-
amyloid dependent disorders and Tauopathies such as AD, 
Pick’s disease, progressive supranuclear palsy, and cortico-
basal degenerative diseases [39-41]. Such relationships are 
founded between these particular pathways and PD as well 
as Scz [42-44].  

BDNF is a well-known promoter of axonal branching, 
dendritic growth and plasticity. Synaptic growth is defined as 
the increase in the number or size of the synapses [5]. Re-
searches have shown that treatment of hippocampal slices 
with BDNF for 2–3 days increases the expression level of 
synaptic proteins [45]. Chronic exposure to BDNF is 
strongly reported to increase spinal motility which leads to 
increased potential to form new synapses [46]. Investigations 
of BDNF knockout mice showed reduced expression of syn-
aptic proteins and a reduction in the number of synaptic 
vesicles [47]. Analysis of TrkB knockout mice indicated 
changes in synaptic vesicles, synaptic protein expression and 
synaptic density [48]. On the other hand, genetically modi-
fied mice overexpressing BDNF were reported to have in-
creased number of synapses [49]. Re-expression of BDNF in 
neurons derived from BDNF knockout mice leads to the in-
creased number of synapses within hours [50]. Although 
structural alterations of the synapses are indeed primary 
functional changes, these might be linked to activity-
dependent BDNF secretion [51]. It was reported that synap-
tic stimulation followed by postsynaptic spiking can induce 
LTP and a gradual enlargement of spine heads, whereas 
blocking of BDNF-TrkB signaling inhibits the spine head 
enlargement. These findings point towards the fact that activ-
ity-dependent BDNF secretion induces LTP and synaptic 
growth [51]. 

3. BDNF GENE POLYMORPHISMS IN Scz, PD, AND 

AD 

3.1. BDNF and its Receptors Polymorphisms in Scz 

A Single-Nucleotide Polymorphism (SNP) which causes 
a Valine (Val) to Methionine (Met) substitution at 66

th
 posi-

tion in the prodomain of the BDNF protein (Val66Met) af-
fects 20-30% of the human population. Val66Met causes 
alterations in the intracellular distribution of substances. It 
also induces a reduction in activity-induced secretion of the 
BDNF [52]. Individuals with the Met allele show distur-
bances in performing motor-based learning tasks as well as a 
declined motor cortex plasticity [53, 54]. 

Researchers have investigated the relationship between 
Val66Met polymorphism and brain volume changes in Scz 
patients. Remarkable alterations have been reported in fron-
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tal lobe gray matter volume as well as lateral ventricles [55]. 
BDNF variants may cause alterations in the brain of Scz pa-
tients including reductions in the volume of frontal gray mat-
ter alongside with an increase in the volume of lateral ventri-
cles and sulcal Cerebrospinal Fluid (CSF). Authors have also 
reported relationships between Val66Met and C-207T poly-
morphisms [56, 57].  

It has also been revealed that neurotrophic tyrosine 
kinase receptor 2 (NTRK2) gene (encoding TrkB) decreased 
in schizophrenic patients [58]. In this case, Lin and col-
leagues (2013) did not observe any significant differences 
between patients with paranoid schizophrenia and healthy 
controls in rs1387923, rs2769605 and rs1565445 polymor-
phisms in NTRK2 gene as well as rs6265 in BDNF gene. 
However, they concluded that the interaction of NTRK2 and 
BDNF genes polymorphisms (NTRK2-rs2769605, NTRK2-
rs1387923 and BDNF-rs6265) may have a role in suscepti-
bility to paranoid schizophrenia [59]. BDNF functional 
polymorphism rs6265 can also increase secretion of BDNF 
in an activity-dependent manner [60]. Likewise, several stud-
ies found no association between BDNF and NTRK2 poly-
morphisms (G-712A, C270T, Val66Met, rs6265) and the 
susceptibility to schizophrenia [61-65]. 

3.2. BDNF and its Receptors Polymorphisms in PD 

The association of BDNF 196 G/A and 270 C/T poly-

morphisms with PD has been studied by scientists. The 

BDNF 196G/A (Val66Met) polymorphism causes reduced 

BDNF expression at the cell surface [60]. BDNF 270 C/T 

polymorphism also alters BDNF expression [66]. The rela-

tionship between the presence of these polymorphisms and 

PD is a matter of controversy since some researchers have 

reported positive correlations [67-71] while others did not 

[72-84]. In the other words, some studies have stated that 

the 712A/G AG/AA, G196A, NR4A2 IVS6 
+
18insG, 270 

C/T, and p.V66M polymorphisms of BDNF significantly 

increased the risk of PD [67-71], while others have re-

ported no association between the Val66Met (rs6265, 

G196A), 270 C/T, and 240 C/T variants of BDNF gene and 

the susceptibility to PD [72-84]. However, Parsian and co-

workers (2004) showed that the C270T variant is associated 

with a mutation in coding region of the BDNF gene, sug-

gesting that C270T may play a crucial role in the progress 

of familial PD [70]. Regarding the involvement of BDNF 

in memory function, it can be concluded that BDNF altera-

tions are highly involved in the pathophysiology of PD. 

Over time, studies have evaluated the relationship between 

PD and the presence of Val66Met polymorphism. Several 

articles have suggested a relationship between the Met 

variant of BDNF Val66Met polymorphism and cognitive 

performance in healthy individuals [85, 86]. A positive 

correlation between this polymorphism of BDNF gene and 

cognitive impairment [87] as well as early development of 

dyskinesia [88] have been reported in PD patients [89]. The 

effect of Val66Met polymorphism on cognition in PD pa-

tients has also been reported [90]. Valuable meta-analyses 

have successfully indicated the association between the 

BDNF 196 G/A polymorphism and PD. However, such 

associations have not been found between the BDNF 270 

C/T polymorphism and PD [74].  

3.3. BDNF and its Receptors Polymorphisms in AD 

It has been shown that BDNF gene regulates executive 
functions, including Spatial Working Memory (SWM) [91]. 
Hippocampal-dependent episodic memory is also affected by 
the Val66Met polymorphism [60]. BDNF is strongly in-
volved in hippocampal-dependent memory because of its 
profound effect on neural plasticity. This assumption is 
backed-up by the fact that disruption of BDNF or TrkB sig-
naling impairs a hippocampal-dependent form of memory in 
rodents. BDNF Val66Met polymorphism has been shown to 
be associated with abnormal hippocampal structure and func-
tion in humans [60, 85]. Memory function tests have shown 
that humans with two copies of the Met allele suffer impair-
ments in short-term memory. In addition, the BDNF Met 
allele has been associated with decreased hippocampal vol-
umes [60]. 

It has been reported that BDNF Met carriers are at in-
creased risk for developing early-onset AD. On the contrary, 
BDNF Val carriers have shown an increased risk for devel-
oping late-onset AD [92]. A recent study has demonstrated 
that healthy individuals with BDNF Met show a faster and 
more significant reduction in episodic memory as well as 
hippocampal volume [93]. Consistent with these findings, 
inhibition of TrkB signaling has been shown to amplify spa-
tial memory impairment in animal models of AD [94]. It was 
stated that the BDNF 270C/T SNP has associations with 
late-onset AD [95, 96]. It has been strongly suggested that 
this polymorphism is a positive risk factor for AD [97]. The 
role of this SNP in the AD is still conflicting since negative 
results have also been reported by scientists [98, 99]. Moreo-
ver, the insignificance of conclusions was reported by meta-
analyses [98, 100]. The association of BDNF 11757 G/C 
polymorphism with AD was also reported in Italian popula-
tions [99].  

Some studies have investigated the relationship between 
NTRK2 and AD. Nonetheless, there are conflicting results 
about BDNF and its receptors polymorphisms in patients 
with the AD. A series of studies have been reported the asso-
ciation of the rs1624327, rs1443445, and rs3780645 with the 
AD [101] as well as the rs2289656 with the risk of both fa-
milial and sporadic AD [102]. There are two reports en-
closed the SNPs in the promoter region of the NTRK2 gene 
[103, 104]. Although Cozza et al. [102] and Vepsalainen et 
al. [103] stated the association of rs2289656 with the both 
familial and sporadic AD, Zeng and colleagues (2013) could 
not replicate this connection [104]. Although NTRK2 seems 
to be a good candidate in the pathogenesis of AD, the SNPs 
in the selected region of this gene did not confer the suscep-
tibility of AD [101, 102, 105, 106]. 

4. BDNF AND SCHIZOPHRENIA 

Schizophrenia is a chronic complex neuropsychiatric dis-
ease with approximately 80% heredity [107]. Symptoms 
typically appear in the late second to third decades of life and 
include hallucination, delusion, thought disturbance, blunted 
affect, impaired cognition, abnormal insight, and damaged 
social interaction [108-110]. The concordance rate of 50% 
among monozygotic twins [111] suggests a mixture of envi-
ronmental and developmental risk factors for this disease 
[112]. As it was discussed in previous sections, BDNF is 
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involved in various aspects of development and function of 
brain neurons. It has been proposed that this neurotrophic 
factor is also involved in the pathophysiology of Scz. Previ-
ous studies have shown that developmental abnormalities, as 
well as cognitive, emotional, behavioral, and neuronal dis-
turbances that occur in the course of Scz, are caused by 
changes in BDNF expression [113]. Post-mortem investiga-
tions on brains of Scz patients have claimed that alterations 
in BDNF levels are seen in certain regions of the brain. Re-
cently, it has been shown that the expression of BDNF is 
elevated in frontal cortices of Scz patients compared to the 
control [114]. On the contrary, a number of articles have 
indicated that BDNF expression is reduced in the cortices of 
patients with Scz [58, 115]. Such discrepancy also exists 
between the levels of BDNF in the hippocampus region 
[116]. Results from investigations on living Scz patients 
have shown structural alterations such as increased ventricle 
volumes and decreased gray matter size particularly in the 
cortex and hippocampus. Other reported alterations include 
abnormal serum level of BDNF in these patients [117, 118]. 
Some studies have reported decreased serum BDNF levels 
[18], while others have reported otherwise [119]. These con-
flicts in reports might be related to the fact that participants 
of these studies were treated with different drugs. Some stud-
ies have reported a decreased serum levels of BDNF in drug 
naïve patients with Scz (Table 1) [120-123]. The hypothesis 
that abnormal regulation of BDNF is involved in the patho-
physiology of schizophrenia is supported by data from ani-
mal studies. The total level of BDNF in brain tissues has 
been reported to be reduced [124, 125]. Reports from inves-
tigations on 157 drug-naive chronic substance abuser pa-
tients with schizophrenia have indicated up to 34% elevation 
in serum BDNF concentrations [126]. In situ hybridization 
studies have demonstrated that animals with lesions in the 
hippocampus show reduced levels of BDNF mRNA in the 
prefrontal cortex, cingulate cortex, and hippocampus [127-
129]. It is noteworthy that the molecular mechanisms of 
typical and atypical antipsychotics used for the treatment of 
schizophrenia are generally unknown. Studies have shown 
that chronic antipsychotic administration significantly 
changes the levels of hippocampal BDNF mRNA. It has also 
been declared that chronic treatment of rodents with typical 
antipsychotics decreases the levels of brain BDNF whereas 
atypical antipsychotics cause an elevation in BDNF expres-
sion [130]. 

5. BDNF AND PARKINSON’S DISEASE 

PD accounts for the second most common degenerative 
disorder of the CNS [43]. It usually affects motor neurons 
causing symptoms such as tremor, rigidity, bradykinesia and 
postural instability [131, 132]. BDNF is known as an impor-
tant neurotrophin in the maintenance of nigral dopaminergic 
neurons of the brain [133]. BDNF-TrkB signaling pathways 
have been reported to be involved in the nigrostriatal dopa-
minergic survival in aging brain [134], and its synthesis is 
highly regulated by neural activity [135]. Studies have dem-
onstrated that the level of BDNF expression is reduced in the 
nigrostriatal pathway of PD patients [136, 137]. Although 
current therapies for PD have limited effectiveness in en-
hancing motor impairments and quality of life [138], trans-
duction of astrocytes encoding the human BDNF gene into 

the striatum has shown promising results in motor dysfunc-
tions as well as neurodegeneration process in the rat model 
of PD [139]. Evidence has suggested that BDNF is a major 
role-player in cognition in normal and neuropathological 
disorders [140]. Therefore, numerous post-mortem, serum, 
and CSF studies have been conducted on the levels of BDNF 
in PD patients. These studies also include some conflicts 
similar to Scz studies. Knott et al. have conducted a post-
mortem investigation on 11 PD patients and demonstrated an 
increase in the levels of BDNF in nigral neurons. They have 
also found no alterations in BDNF levels in caudate-putamen 
neurons [141]. Parain et al. reported a reduction in the ex-
pression of BDNF in substantia nigra of PD patients [142]. 
Such discrepancies have also been found in serum and CSF 
levels of BDNF. Most of the articles have demonstrated a 
reduction in serum levels of BDNF in PD patients [143-145]. 
On the other hand, a study by Ventriglia et al. has reported 
different results, showing an elevation in serum BDNF levels 
in 30 PD patients compared to 169 healthy controls [146]. 
We have also found controversial reports of BDNF changes 
in the CSF of patients. Salehi et al. (2009) have observed a 
decrease in CSF levels of BDNF in 40 PD patients [148]. 
However, they have reported that the BDNF levels of CSF 
were significantly elevated in PD patients [148]. Such con-
flicts in reports might be related to different medication 
strategies or the stages of the disease. Studies have so far 
indicated the association between serum and urine levels of 
BDNF and cognitive functions in healthy elderly [149, 150]. 
Reports have claimed that BDNF Val66Met polymorphism 
in interaction with other compounds such as sortilin is re-
sponsible for proBDNF intracellular trafficking [151]. These 
results suggest that carriers of the Met allele have an elective 
deficiency in hippocampal-dependent memory. Moreover, it 
may lead to BDNF secretion impairments in the hippocam-
pus of mice [60], which is currently linked to impaired epi-
sodic memory function [152]. This polymorphism has not 
yet been associated with PD susceptibility directly, however, 
it has been shown to have associations with cognitive im-
pairment as well as planning disability in PD [81, 87, 88]. 
Nevertheless, two studies have failed to find any significant 
relationships between this polymorphism and cognitive func-
tioning in PD patients [83, 84]. The gold-standard surgical 
treatment of PD is currently Deep Brain Stimulation (DBS) 
which usually targets Sub-Thalamic Nucleus (STN). It has 
been suggested that BDNF plays a role in STN-DBS-
associated neuroprotection. STN-DBS has been reported to 
increase activity-dependent BDNF release in targeted areas 
[153, 154] and elevate BDNF levels in the nigrostriatal sys-
tem as well as in the primary motor cortex [155, 156]. 

6. BDNF AND ALZHEIMER’S DISEASE 

AD is a progressive neurodegenerative disease and the 
most common cause of dementia in elderly individuals [157, 
158]. There are numerous assumptions regarding the patho-
physiology of the disease, but there is still no clear cause and 
definitive treatment for the disease [159]. Studies have 
shown that all three signaling pathways related to BDNF can 
cause AD and dementia. This illustrates the importance of 
BDNF related signaling pathways. Post-mortem studies on 
the brains of AD patients have suggested that BDNF expres-
sion is decreased in the hippocampus and the cortex. Many
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Table 1. BDNF alterations in Schizophrenia, Alzheimer, and Parkinson’s disease. 

Study Sample Size Sources & Regions Alteration 

Schizophrenia 

Takahashi et al., 2000 [114] 
18 Scz 

36 HC 
Post-mortem Frontal cortices Increased 

Hashimoto et al., 2005 [58] 
27 Scz 

27 HC 

Post-mortem 

All part of cortices 
Decreased 

Weickert et al., 2003 [115] 
57 Scz 

60 HC 

Post-mortem 

All part of cortices 
Decreased 

Iritani et al., 2003 [116] 
8 Scz 

4 HC 
Post-mortem hippocampus Increased 

Sotiropoulou M et al., 2013 [120] 
50 Scz 

50 HC 
Serum levels Decreased 

Pirildar S et al., 2004 [121] 
22 Scz 

22 HC 
Serum levels Decreased 

Rizos EN et al., 2008 [122] 
14 Scz 

15 HC 
Serum levels Decreased 

Jindal RD et al., 2010 [123] 
41 Scz 

41 HC 
Serum levels Decreased 

Durany et al., 2004 [190] 
11 Scz 

11 HC 
Post-mortem hippocampus Decreased 

Durany N et al., 2004 [190] 
11 Scz 

11 HC 
Post-mortem cortical areas Increased 

Buckley PF et al., 2007 [192] 
15 Scz 

14 HC 
Serum levels Decreased 

Parkinson’s disease 

Knott C et al., 2002 [141] 
11 PD 

9 HC 

Post-mortem nigral neurons 

Caudate-putamen 

Increased 

No changed 

Parain K et al., 1999 [142] 
5 PD 

5 HC 
post-mortem expression of BDNF in brain Decreased 

Wang Y et al., 2017 [143] 
96 PD 

102 HC 
Serum levels Decreased 

Wang Y et al., 2016 [144] 
97 PD 

102 HC 
Serum levels Decreased 

Khalil H et al., 2016 [145] 
29 PD 

30 HC 
Serum levels Decreased 

Ventriglia M et al., 2013 [146] 
30 PD 

169 HC 
Serum levels Increased 

Salehi Z et al., 2009 [148] 
24 PD 

24 HC 
CSF levels Increased 

Zhang J et al., 2008 [147] 
40 PD 

95 HC 
CSF levels Decreased 

(Table 1) contd…. 
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Study Sample Size Sources & Regions Alteration 

Alzheimer’s disease 

Zhang J et al., 2008 [147] 
48 AD 

95 HC 
CSF levels Decreased 

Phillips HS et al., 1991 [160] 
9 AD 

6 HC 
Post-mortem expression of BDNF in hippocampus Decreased 

Murray KD et al., 2000 [161] 
25 AD 

10 HC 
Post-mortem expression of BDNF in hippocampus Decreased 

Narisawa-Saito et al., 1996 [162] 
10 AD 

10 HC 
Post-mortem entorhinal cortex Decreased 

Faria MC et al., 2014 [164] 
50 AD 

56 HC 
Plasma levels Increased 

Leyhe C et al., 2008 [163] 
27 AD 

28 HC 
Serum levels Decreased 

Leyhe C et al., 2008 [163] 
27 AD 

10 HC 
CSF levels Decreased 

Ventriglia M et al., 2013 [146] 
266 AD 

169 HC 
Serum levels Decreased 

 
of the articles have the same theoretical view [160-162]. In 
2013, Ventriglia et al. reported a significant decrease in 
BDNF serum levels in 266 patients with AD [146]. Leyhe et 
al. have also reported a noteworthy decrease in BDNF serum 
levels [163]. In 2014, Faria et al. found that the plasma lev-
els of BDNF are increased in AD patients [164]. Recent 
studies demonstrated that CSF levels of BDNF are found to 
be lower in AD patients than in the controls [87, 147, 165]. 
Scientists hope that it is possible to increase patient’s quality 
of life by preventing dementia. To achieve this, further stud-
ies on the relationship between BDNF and AD should be 
performed. BDNF enhances the glutamatergic transmission 
[166-170] and elevates the phosphorylation of the subunits 
of N-methyl-D-aspartate (NMDA) receptors [171, 172]. It 
also improves the release rate of acetylcholine [173]. Nucle-
ase protection assay and in situ hybridization studies have 
demonstrated that learning upregulates the expression of the 
hippocampal level of BDNF mRNA in rats [174]. It was 
reported that BDNF mRNA level in the dentate gyrus of the 
hippocampus plays a crucial role in memory consolidation 
and LTP in rats [175]. Tokuyama et al. reported that the 
BDNF mRNA is elevated in the inferior temporal cortex 
during the formation of visual pair-association memory in 
monkeys [176]. By testing the reference and working mem-
ory using an 8-arm radial maze, scientists reported that spa-
tial learning is associated with an elevation in hippocampus 
BDNF mRNA levels [177]. These findings suggest that spa-
tial memory is dependent on the enhancement of BDNF re-
lease in response to the information to be remembered [177, 
178]. Nitric Oxide (NO) is a free radical which is believed to 
play a role in synaptic plasticity [35-37], spatial working 
memory formation, and in the regulation of monoamine me-
tabolism [179-181]. Regarding the mutual regulations be-
tween the BDNF and NO, BDNF may be connected to NO-

sensitive learning. This hypothesis is supported by in vitro 
and in vivo studies [182]. The relationship between BDNF 
and learning and memory has also been investigated using 
anti-BDNF antibodies. Intraventricular infusion of the anti-
BDNF antibodies has been shown to be related to the im-
pairment of spatial learning in a water maze test in rats 
[183]. Researchers have found that TrkB-CRE mutant mice 
completely failed the more stressful water maze test [184]. 
This report suggests the role of BDNF-TrkB receptor signal-
ing in complex learning. 

7. BDNF SIGNALING PATHWAY DYSFUNCTIONS 

This section is devoted to discuss the mechanisms by 
which BDNF signaling pathway dysfunctions can affect the 
pathophysiology of diseases including PD, AD, and Scz. 
During the progress of Scz, neuroplasticity of the brain is 
highly influenced by BDNF activity [185]. BDNF also regu-
lates production, secretion, and metabolism of neurotrans-
mitters. It also modulates neuronal LTP and influences syn-
aptic plasticity [186]. It has been revealed that the BDNF 
interacts with other neurotransmitters, including dopamine, 
glutamate, serotonin, and GABA, and is involved in schizo-
phrenia [187]. Abnormal changes in brain circuit and trans-
mission can occur secondary to altered neurotrophin activi-
ties. These abnormalities may cause dysfunctions in the de-
veloping brain. Such dysfunctions account for the etiology of 
psychiatric disorders including Scz [188]. It has been 
strongly proposed that Scz is the result of abnormal brain 
development [189]. Considering this suggestion, BDNF has 
been hypothesized as a part of Scz pathogenesis. An abnor-
mally developed brain, as in Scz patients, often fails in neu-
roplasticity and synaptic connectivity. It may also be abnor-
mal in terms of morphology, neurochemistry, and structure. 
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All the above-mentioned dysfunctions can be partly due to 
BDNF dysfunctions as it has also been supported by previ-
ous studies [190-192]. Insufficient neurotrophic support may 
also cause reduced adaptive capabilities of adult brain and 
can be a predisposing factor for neurotoxic damage [193]. 
The function of the synaptic system is altered in the brains of 
Scz patients. Such alterations can be due to abnormal BDNF 
signaling since it has been proven that BDNF is involved in 
maintaining the survival and plasticity of dopaminergic, cho-
linergic, and serotonergic neurons [194]. It has been identi-
fied that GABA synthesis is highly reduced in the dorso-
lateral prefrontal cortex of Szc patients due to insufficient 
BDNF-TrkB signaling. These disturbances may lead to 
working memory impairments [195]. Given the current 
knowledge of PD, BDNF seems to be deeply involved in the 
pathogenesis of this disease due to its vital roles in the sur-
vival of dopaminergic neurons. This assumption has been 
supported by experimental models of PD. Studies have de-
scribed that insufficient BDNF expression causes loss of 
substantia nigra pars compacta’s dopaminergic neurons 
[196]. It should be observed that the trophic factor which is 
involved in the pathophysiology amyloidopathies and 
tauopathies is highly influenced by BDNF, regarding the 
effects of BDNF on tau and amyloid β42 hyperphosphoryla-
tion [197, 198]. It has been implicated that tau phosphoryla-
tion greatly diminishes after neuronal stimulation with 
BDNF [197]. Evidence has suggested that BDNF-TrkB in-
teractions might be involved in dephosphorylation of tau 
protein. Therefore, it can be concluded that decreased levels 
of BDNF might be the underlying cause of tau hyperphos-
phorylation in the AD. Post-mortem studies claimed that the 
concentration of BDNF protein is reduced within the en-
torhinal cortex and hippocampus of deceased AD patients 
[162, 199]. Recent evidence pointed towards the assumption 
that BDNF may have neuroprotective effects against Aβ pep-
tide neurotoxicity [200]. It has been demonstrated that 
BDNF improves the number of cholinergic neurons as well 
as learning and memory in the rat model of AD upon neural 
stem cells transplantation [201]. Reports have shown that 
intra-hippocampal transplantation of neural stem cells im-
proves spatial learning and memory in transgenic mice that 
express Amyloid Precursor Protein (APP), presenilin (a form 
of amyloid precursor protein), and tau. These improvements 
in cognitive functions of mice models of AD have been 
linked to enhancements in BDNF mediated hippocampal 
synaptic density [202]. Generally, BDNF has been reported 
as a potential diagnostic, prognostic, and therapeutic factor 
in AD. 

8. THERAPEUTIC POTENTIAL OF BDNF IN Scz, PD, 

AND AD 

BDNF has recently become an interesting therapeutic 
target due to its protective and regenerative functions. Re-
garding some structural and pharmacokinetic issues, the use 
of BDNF as a therapeutic agent has limitations including the 
inability of BDNF to efficiently cross the Blood-Brain Barrier 
(BBB) [203, 204] and its limited half-life in the blood [205]. 
Such issues motivate researchers to investigate new delivery 
strategies to achieve proper levels of BDNF in the brain. 
BDNF receptor changes may significantly affect the success 
rate of BDNF enhancement therapeutic strategies, however, 

this method remains one of the most effective therapeutic 
strategies for neural protection. In this section, we describe 
current treatment methods available for increasing BDNF 
levels in human and animal models. 

8.1. Intraventricular BDNF Injection 

Direct intracranial administration of BDNF is currently 
known as the best long-lasting method for elevating the lev-
els of BDNF within the neurons. Recent studies have re-
ported that direct administration of BDNF into the brain ven-
tricles may decrease neural loss in the cortex, which inhibits 
memory deterioration in the patients [206, 207]. It has been 
confirmed that brain’s age-related alterations, the hippocam-
pus-dependent learning, and memory function of elderly rats 
have been improved following BDNF infusion into the en-
torhinal cortex. BDNF has also been stated to reduce cell 
death in the entorhinal cortex in aged rats [199]. This thera-
peutic method has only been tested in animal models and it is 
currently lacking sufficient human studies due to the inva-
sive nature of the method. The invasive nature of this method 
also prevents its long-term usage. Another issue for testing 
this potent method is the fact that there is no concrete insur-
ance that BDNF affects only the targeted areas without af-
fecting other parts of the brain. Excess levels of BDNF may 
also increase the levels of pro-BDNF which induce 
P75NTR-mediated cell death and cause undesired outcomes. 
It should be mentioned that the preservation of BDNF thera-
peutic levels is an important issue as lower levels of BDNF 
than its therapeutic amounts will not induce desired effects 
and higher levels will cause adverse effects [208]. Placebo-
controlled clinical trials have used an intrathecal infusion of 
BDNF to increase the duration of BDNF effects on motor 
neurons in the Amyotrophic Lateral Sclerosis (ALS). How-
ever, they have failed to produce significant clinical benefits 
[209, 210]. Studies have demonstrated that injection of T3 
into the ventricular system of the brain causes memory and 
learning enhancement in rats. This method has also been 
used to increase hippocampal BDNF levels in cerebral 
ischemic stroke cases [211]. One of the present solutions for 
solving the aforementioned issue is the use of small mole-
cules mimicking BDNF which can easily cross the BBB and 
penetrate brain tissue and is more suitable than BDNF ana-
logues in terms of size and half-life [205, 212]. Another so-
lution may be controlling the release of BDNF with Poly 
Lactic-co-Glycolic Acid (PLGA) micro-particle which can 
lead to longer-time delivery of BDNF [213, 214].  

Intraparenchymal injection of BDNF is a direct and ef-
fective method for administering BDNF. Implanted infusion 
pumps were used in clinical trials in order to provide a sus-
tained intra-parenchymal level of BDNF in PD patients 
[215]. However, researchers have failed to adjust the flow 
rate required for best results [216]. Currently, this method 
requires further development to effectively deliver the BDNF 
to targeted areas. Challenging issues include adverse side 
effects caused by high flow rates and reflux up of the infu-
sion needle tract leading to the distribution of BDNF within 
the CSF which causes neuronal death [217]. 

8.2. Gene and Epigenetic Therapy 

This strategy is based on the direct administration of 
BDNF gene into degenerating cells. Afterward, survived 
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cells mediate BDNF expression which leads to improved 
function or regeneration of neurons. Long-term effects are 
provided without continuous administration of BDNF. Cur-
rently, viral-based delivery systems of neurotrophic factors 
use fine-needle injections guided by real-time imaging [218]. 
In vivo studies have demonstrated that viral-based delivery 
systems are the most effective methods due to their high cell 
transfection efficiency, however, immune reactions remain a 
matter of concern. Direct administration of BDNF into a 
specific brain region of the host may solve the localization of 
its effects on the issue and minimize its spread to non-
targeted regions. Direct gene transfer may be a suitable 
method for safe and effective growth factor delivery. This 
method is supported by several preclinical trials [219-221]. 
Studies have been conducted to investigate the safety and 
effectiveness of BDNF-gene therapy in neuro-degenerative 
diseases including PD [219, 220]. Researchers have demon-
strated that in the rat models of PD, BDNF-gene delivery 
into nigral dopaminergic neurons prevents their degeneration 
process [222]. Although, this therapeutic strategy has so far 
shown promising results in animal models, but the efficacy 
of this method is time-sensitive as any delay in diagnosis 
would cause a dramatic decline in the effectiveness of the 
treatment. Moderate to a severe form of neurodegenerative 
diseases often represent widespread areas of damaged cells. 
According to localized effects of the current method, full 
coverage of affected areas is doubtful. 

Long-term elevation of genes transcription can be 
achieved by DNA methylation manipulations. Such manipu-
lations can be done using pharmacological agents, which 
down-regulate histone deacetylase 5 resulting in reduced 
BDNF methylation and elevated BDNF gene expression 
[223]. Gadd45b-mediated demethylation of BDNF also ac-
counts as a manipulation target [224]. MicroRNAs such as 
miR-613, which was reported to target the 3'-UTR of BDNF 
[225], and microRNA-1, which plays a key in suppressing 
BDNF production [226], can also be manipulated to change 
the availability of BDNF. 

8.3. Cell Transplantation Strategy 

Bone Marrow-Derived Stem Cells (BMSCs) have the ca-
pability to secrete a variety of substances including BDNF 
[223, 224]. It is believed that these valuable cells can medi-
ate protection and regeneration upon transplantation [225-
227]. As these cells have no antigenicity, the rejection risks 
decrease, therefore, they can be used for long-term BDNF 
secretion [228]. Their additional capability for the secretion 
of VEGF and anti-inflammatory substances can function 
alongside with BDNF [229, 230]. However, grafts may be 
less useful than other therapeutic strategies, BMSCs are 
shown to poorly migrate into injured regions [231] and their 
secreted BDNF levels may only be sufficient to mediate neu-
ronal survival [232]. Studies have reported that transplanta-
tion of neural precursor cells significantly affects cognition 
due to enhanced expression levels of BDNF [233]. In addi-
tion to the safety and accessibility issues, the expensiveness 
of sterilization and surgical setting remains a challenging 
problem. 

There are a lot of stem cell-based clinical trials in PD and 
AD, whereas there is not outstanding report in Scz (Table 2). 

It has been hypothesized that autologous adult Neural Stem 
Cells (NSCs) from the RMS (rostral migratory stream) and 
SVZ (subventricular zone) could be ideal sources for the 
treatment of PD and AD [234]. The early open-label trials 
had relatively satisfactory results [235-239]. It has been 
shown that Fetal Ventral Mesencephalic (fVM) cells-derived 
dopaminergic neurons survive more than 18 years after 
transplantation [240-242]. However, some reports failed to 
show any significant improvement in patients who had re-
ceived fVM cells compared to controls [243, 244]. In con-
trast, others have been stated the beneficial effects of in-
trastriatal fVM grafts in patients with PD [245, 246]. Mendez 
et al. (2008) revealed that fVM -derived dopaminergic neu-
rons survive without pathology for 9-14 years after trans-
plantation [247]. Similarly, Hallett and colleagues (2014) 
have shown the long-term survival and nonatrophied mor-
phology of fVM-derived dopaminergic neurons in the rein-
nervated striatum [248]. It has been suggested that the nigral 
and intrastriatal transplanted cells can lead to significant im-
provement in the total Unified Parkinson’s Disease Rating 
Scale (UPDRS) for several years without any problems [247, 
249, 250]. Garitaonandia et al. (2016) and Gonzalez et al. 
(2016) confirmed the lack of residual undifferentiated stem 
cells and tumorigenic potential by human Neural and Pluri-
potent Stem Cells (h-NSC and h- PSCs) [251, 252]. Moreo-
ver, it has been shown that the morphology, phenotype, and 
differentiation capacity of PD-derived BMSCs are similar to 
normal BMSCs [253]. Kim et al. (2015) demonstrated that 
bilateral intra-hippocampal and precuneus transplantation of 
human Umbilical Cord-derived Mesenchymal Stem Cell 
(UC-MSC) is safe, feasible, and well tolerated in severe AD 
subjects, however, they found no significant clinical benefits 
[254]. It has been revealed that UC-MSC protects against 
Aß42-induced cell loss by releasing galectin-3 [255]. 

8.4. Indirect Drug Therapy 

The use of drugs for induction of BDNF expression is the 
first BDNF therapy strategy which has been equipped. Lith-
ium, which is a mood-stabilizer agent, has been stated to 
affect Glycogen Synthase-Kinase 3 (GSK-3) which increases 
BDNF levels [256-258]. Approximately 30% elevation of 
serum BDNF levels in AD patients treated with lithium has 
been reported [259]. Studies have demonstrated that lithium 
also induces anti-apoptotic, anti-inflammatory and pro-
regenerative effects [260]. It also enhances the migration of 
BMSCs to target areas [261]. Positive effects of Venlafaxine 
and mood stabilizers such as Valproic acid on BDNF levels 
have been indicated by studies [262, 263]. Acetylcho-
linesterase inhibitors including donepezil and galantamine 
are the choices of treatment in Mild Cognitive Impairment 
(MCI) and early AD patients. These agents have been testi-
fied to increase BDNF levels in AD patients and animal 
models, however, the effects of long-term treatment with 
these agents are a matter of conflict [163, 264, 265]. This 
enhancement in BDNF level might be related to the effects 
of these drugs on phosphorylation of AKT kinase which af-
fects the BDNF–TrkB signaling pathways [264]. In addition 
to Acetylcholinesterase inhibitors, NMDA antagonists such 
as memantine that is used for the treatment of moderate to 
the severe AD, have also been revealed to promote BDNF-
TrkB signaling pathway [266, 267]. Estrogens have been



54    Current Gene Therapy, 2018, Vol. 18, No. 1 Mohammadi et al. 

Table 2. Stem cell-based clinical trials in Schizophrenia, Alzheimer, and Parkinson’s disease. 

Status ClinicalTrials.gov Identifier Publications (PMID) Cell Sources Phase 

Schizophrenia         

Unknown NCT01943175 --- AMSCs --- 

Recruiting NCT02442817 --- --- --- 

Parkinson’s disease         

Suspended NCT00976430 19467573 BMSCs ---- 

Enrolling by invitation NCT03128450 24910427, 24217017 h-NSC 
Phase 2  

Phase 3 

Unknown NCT01446614 

18040857, 17610906, 20129484, 

20544825, 20542127, 19465139, 

18401666, 18665911 

BMSCs 
Phase 1 

Phase 2 

Active, not recruiting NCT02780895 --- OK99 Phase 1 

Recruiting NCT02611167 --- BMSCs 
Phase 1  

Phase 2 

Enrolling by invitation NCT01329926 --- h-NSC --- 

Not yet recruiting NCT03309514 --- NSC-n 
Phase 1  

Phase 2 

Recruiting NCT02538315     19037637 f-DSCs --- 

Withdrawn NCT01453803 --- AMSCs --- 

Recruiting NCT02452723 27686862, 27213850 h-NSC Phase 1  

Recruiting NCT03119636 --- NPC 
Phase 1  

Phase 2 

Active, not recruiting NCT02184546 --- AMSCs --- 

Unknown NCT00927108 --- h-NSC Phase 2 

Completed NCT02511015 --- IPS-Cs --- 

Recruiting NCT03421899 ---   --- 

Recruiting NCT03297177 

9008506, 18819991, 17898010, 

25733984, 18344392, 2841426, 

23487540, 22725961, 12401395 

Autologous stem 

cell 
--- 

Recruiting NCT02795052 

23135822, 21417782, 24693196, 

23456256, 22963567, 26296458, 

25206912 

BMSCs --- 

Recruiting NCT00874783 18029452 IPS --- 

Alzheimer’s disease         

Recruiting NCT02600130 --- AMSCs Phase 1 

Recruiting NCT02833792 --- AMSCs Phase 2 

Unknown NCT01547689 --- UC-MSC 
Phase 1  

Phase 2 

Recruiting NCT02054208 --- UC-MSC 
Phase 1  

Phase 2 

Completed NCT01297218 --- UC-MSC Phase 1 

Unknown NCT00927108 --- h-NSC Phase 2 

(Table 2) contd…. 
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Status ClinicalTrials.gov Identifier Publications (PMID) Cell Sources Phase 

Alzheimer’s disease         

Recruiting NCT03117738 --- AMSCs 
Phase 1  

Phase 2 

Not yet recruiting NCT02672306 --- UC-MSC 
Phase 1  

Phase 2 

Recruiting NCT03172117 --- UC-MSC 
Phase 1  

Phase 2 

Not yet recruiting NCT02899091 --- CB-AC-02 
Phase 1  

Phase 2 

Unknown NCT01696591 --- UC-MSC Phase 1 

Withdrawn NCT02912169 --- ASVF 
Phase 1  

Phase 2 

Recruiting NCT03297177 

9008506, 18819991, 17898010, 

25733984, 18344392, 2841426, 

23487540, 22725961, 12401395 

Autologous stem 

cell 
--- 

Recruiting NCT00874783 18029452 IPS --- 

AMSCs: Adipose- derived mesenchymal stem cells; BMSCs: Bone marrow-derived mesenchymal stem cells; h-NSC: Human neural stem cell; NSC-n: Neural Stem Cell-Derived 

Neurons; f-DSCs: Fetal dopaminergic stem cell; NPC: Human embryonic stem cells-derived neural precursor cells; IPS: Induced Pluripotential Stems Cells; IPS-Cs: Induced Pluri-

potential Stems Cells-derived neurons; ASVF: Autologous adipose-derived stromal vascular fraction; AMSCs: Allogeneic Human Mesenchymal Stem Cell; UC-MSC: Human 

Umbilical Cord-Derived Mesenchymal Stem Cell 

presented to affect brain’s BDNF expression levels both dur-
ing development [268] and adulthood [269]. Regarding the 
role of BDNF in the brain and the neurodegenerative nature 
of AD, estrogens hypothetically might partly improve AD 
symptoms via upregulating BDNF expression levels [270]. 

Another pharmacological agent that can cross the BBB is 
Erythropoietin (EPO) [271]. EPO has been identified to up-
regulate BDNF expression and promote neuroprotection 
[272] as well as neuro-regeneration [273]. Currently, clinical 
trials have been conducted on remarkable new drugs includ-
ing Phenserine, which have neuroprotective effects against 
oxidative stress as well as glutamate activity caused by its 
inhibitory effects on cholinesterase. It is hoped that the 
Phenserine lowers the development pace of AD by increas-
ing the levels of BDNF [274]. A hypoxanthine derivative, 
Neotrofin, is another drug that is being tested for the treat-
ment of AD. Neotrofin elevates the production rate of BDNF 
as well as the production of nerve growth factors. This re-
sults in increased synthesis of BDNF and enhanced memory 
function [274]. It has been described that herbal extracts 
such as curcumin, which is a low molecular weight polyphe-
nol, can upregulate the brain’s BDNF level in rat [275]. 
Tripchlorolide extracted from Tripterygium wilfordii Hook F 
(TWHF) has also been reported to elevate BDNF levels and 
compensate NMDA receptor dysfunction [276]. 

8.5. Life Style 

A growing body of evidence during the past decade sug-
gests that environment and lifestyle are important factors 
associated with the regulation of BDNF levels. It has been 
implicated that long-term stress may affect BDNF signaling 
[277]. On the other hand, morphine, cocaine, and nicotine 
have been identified to improve BDNF gene expression in 

animal models [278-280]. The other lifestyle dependent in-
fluencers of BDNF are acute aerobic exercises [281]. Animal 
studies have shown that long-term voluntary wheel running 
in mice leads to enhanced hippocampal BDNF gene expres-
sion [277, 282]. Besides these reports, a healthy elderly 
population who engage in regular physical exercises have 
been reported to have increased circulatory levels of BDNF 
[283]. Recently, it has been found that placing mice in an 
enriched environment containing complex and exciting ob-
jects, enhances neurogenesis in hippocampus accompanied 
with higher BDNF levels [284]. Neurogenesis and synaptic 
plasticity are also affected by Calorie Restriction (CR) diet. 
This claim is supported by animal studies which have re-
ported higher BDNF concentration in mice undergoing post-
natal nutrient restriction than those of the controls [285]. 
Additionally, rats fed by high-fat diets have been reported to 
show decreased BDNF levels as well as cognitive states 
[286]. 

CONCLUSION AND SUGGESTION 

With regards to the role of BDNF in the three signaling 

pathways which result in growth, survival, and neuronal 

plasticity, it seems that BDNF is the most important sub-

stance in the maintenance of neural health in the brain. 

Growing body of evidence suggests that it might be more 

effective to treat the pathophysiology underlying the clinical 

syndromes, including AD and PD than to interact with the 

pathogenesis. According to the fact that synaptic dysfunction 

is potentially the principal pathophysiological characteristic 

of all neurodegenerative disorders such as AD and PD, and 

that synapse loss is reversible, improvement of neuro-

stabilizing, neuro-protecting, neuro-repairing, and synapses 

regenerating mechanisms can be accounted as new therapeu-
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tic targets. Scientists have collected a large amount of infor-

mation regarding the BDNF-TrkB biology and the role of 

BDNF in synaptic plasticity and synaptic growth. The direc-

tion of future studies should shift to the new therapeutic 

strategies for neurodegenerative disorders. BDNF is cur-

rently known as the most efficient synaptogenic and synaptic 

regulator molecule. BDNF also promotes synaptic growth. 

Animal-based studies have also established the role of 

BDNF in cognitive functions. Moreover, BDNF is known as 

a neuro-protective agent that can repair synaptic deficits. 

Furthermore, the BDNF Val66Met polymorphism influences 

synaptic localization and activity-dependent secretion of 

BDNF. These show the importance of BDNF and its related 

intracellular signaling pathways on the pathophysiology of 

neurological and psychiatric diseases such as AD, PD, and 

Scz. The most important pathologies caused by BDNF dys-

function include impairments of brain development, dysregu-

lation of neurotransmitters, neuronal plasticity disturbances, 

increased susceptibility against neurotoxic damage, elevated 

neuronal death, impaired neuronal growth, diminished 

GABA levels, and degeneration of dopaminergic neurons 

(Fig. 2). 

In terms of new therapeutic targets, BDNF has recently 

caught the majority of researcher’s attention due to its pro-

tective and regenerative functions. Using BDNF, as a thera-

peutic target has currently faced some issues including lim-

ited efficiency for crossing the BBB as well as short half-life 

in the bloodstream. BDNF receptor changes are another issue 

in the way of using BDNF as a therapeutic target. In order to 

achieve proper levels of BDNF in the brain, new drug deliv-

ery strategies are required. A significant amount of variations 

have been reported in CNS, serum, and brain BDNF levels in 

PD, AD, and Scz. Likely causes of these discrepancies are: 

1. The difference in the type and duration of medication in 
various diseases may cause variations in results, espe-
cially with regard to serum BDNF levels. 

2. The difference in methods of the studies and the lack of 
adjustability of the studied population in terms of age and 
sex can affect the results. 

3. A low sample size, especially in cases of post-mortem 
studies can be a limitation for studies. 

4. Each of the mentioned diseases has different stages, 
which may be one of the reasons for the differences in 
the results of studies. 
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