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Abstract
Background: Reduction of neurotrophic support in the aging brain is one of the possible
mechanisms leading to the development of Alzheimer’s disease (AD). Until now no diseasemodifying therapy is available for AD. It is imperative to develop effective therapy for AD.
The following paper presented results showing that the transplant of NT-4 gene modified
fibroblasts improved cognitive functions in AD rats, likely through the upregulation of BDNF.
Methods: Hippocampal umbrella was bilaterally transected to produce a AD model involving
chlinergic neuronal degeneration in the basal forebrain of rats. The NT-4 cDNA fragment,
cloned from human NT-4 mRNA, was inserted into pcDNA3, then transformed into fibroblats
derived from a green fluorescence protein (GFP) transgenic mouse. Then NT-4 gene-modified
fibroblasts were transplanted into AD rats, and the behavior was tested by Morris water maze
1 months after cell transplantation. Results: Transplantation of NT-4 gene modified fibroblasts
improved cognitive functions and protected cholinergic neurons from the loss of acetylcholine
esterase immunoreactivity and upregulated BDNF gene expression. The protective effect of the
transplantation on cholinergic neurons was lost in BDNF-knock-down mice. Conclusions: Our
results have provided evidence that transplantation of NT-4 gene modified fibroblasts may protect
transected cholinergic neurons and improve the cognitive functions in AD via upregulation of
BDNF expression.
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alternative pathogenesis of the disease. Recent studies have
suggested that a decline in neurotrophic function for the basal
forebrain neurons may play a key role in AD pathogenesis.
Deprivation of nerve growth factor (NGF) in the brain with
NGF antibody transgene can cause all hallmarks of AD. Gene
therapy, an emerging and available strategy to effectively
deliver therapeutic gene in host tissues, has brought a
perspective chance for the treatment of AD. Neurotrophic
factors (NTFs), as a small molecular peptides or proteins,
have been well known to play a vital role in the survival and
outgrowth of neurites both in vivo and in vitro (Marconi A, et
al., 2006; Otsuki K, et al., 2008; Youssoufian M, et al., 2007).
NT-4 is an important member of the NTFs, which has been
well documented in promoting the survival and differentiation
of cholinergic neurons and in the maintenance of their
functional state in vitro (Liu F, et al., 2009; Thornton MR, et
al., 2008; Walz JC, et al., 2009) . Previous study has showed
NT-4 carried fibroblasts could effectively improve cognitive
function in AD rats, which gives a crucial indication for NT-4
application in the clinic trial. However, the research for NT-4
in improving cognitive function remains to be explored.

Introduction
Alzheimer’s disease (AD), or presenile dementia, a chronic
degenerative disease, is characterized by progressive dementia
in elderly people. Up till now, the pathogenesis of AD is still
not clear. There is a great number of inflammatory plaques,
i.e., the extracellular senile plaques (SPs) and intraneuronal
neurofibrillary tangles (NFTs) (Arciniegas DB, et al., 2001), as
well as significant loss of cholinergic neurons (Tuszynski MH,
et al., 1990), are hallmarks of AD. Finding effective methods
for the treatment and prevention of AD is a challenging
task for both scientists and clinicians. As the life span of the
population becomes longer with the modernized society, it
has become more pressing to develop preventive strategy and
effective treatment for AD.
Amyloid beta (Aβ) is a main component of senile plaques
and increased Aβ production due to mutations of amyloid
precursor protein (APP) and its processing enzyme
presenelins suggest that Aβ is a pathogenic peptide which
causes all forms of AD hallmarks. However, current therapies
targeting Aβ with immunotherapies or by inhibiting APP
processing enzymes all failed in clinical trials, suggesting
9
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Brain-derived neurotrophic factor (BDNF), a crucial
neurotrophic factor, plays a crucial role in the lesion-induced
neural regeneration (Sariola H, et al., 1994; Jakeman LB,
et al., 1998; Markus A, et al., 2002), and synaptic plasticity
(Cortese GP, et al., 2011; Wu A, et al., 2011; Fuchikami M, et
al., 2010; Wu YC, et al,. 2011), suggesting BDNF is a crucial
molecule in cognitive function improvement. In this study,
we have further tested the effectiveness of NT-4 modified
fibroblasts in the treatment of AD and investigated the
possible mechanism of NT-4 in improving cognitive function.
We found that increased BDNF expression is associated with
the treatment. By using BDNF knockdown mice, we have
confirmed that the effect of NT-4-fibroblast transplantation on
cognitive function improvement is lost, confirming BDNF is
a vital molecule for NT-4 activity in AD rats.

was cut off from gel and extracted following the manual of
DNA-gel purification kit.

Construction and identification of pcDNA3-NT-4
Construction of pcDNA3-NT-4 was referenced as previous
study (Liu J, et al,. 2009). The eukaryotic expressing vector
(pcDNA3) and the fragments of NT-4 were respectively
digested by the same incision enzymes Hind III and EcoR I,
and were purified and retrieved by agarose electrophoresis
separation. After the dephosphorylation of the 5’ terminal
of the linear pcDNA3, the linear pcDNA3 and the purified
NT-4 fragments were incubated at 22°C for 2h, then
65°C for 10 minutes to construct the recombinants. The
recombinants were transformed into E.coli DH5α competent
cells, which were seeded in a dish containing AMP (+)
culture medium. The cells were cultivated for 12-16 hours.
The recombinant plasmid was extracted from positive clones
by SDS alkaline lyses. The recombinants were identified by
Hind III and Xho I restriction endonuclease digestion and
sent for the sequence analysis (Shanghai Bo Ya Company).

Materials and methods
Animal and grouping
Sprague-Dawley rats (weighing 180-220g) used in this
experiment were obtained from the Animal Center of No
4 military Medical University. The rats were randomly
divided into five groups with 8 animals in each group: (A)
sham group; (B) AD model group; (C) the DMEM treated
group (AD rats receiving DMEM); (D) the fibroblast
group (AD rats receiving fibrolast); and (E) the NT-4 gene
modified fibroblast treated group (AD rats receiving NT-4
gene modified fibroblast). The BDNF knockdown (n=10)
with NT-4 overexpression group.

Transfection
Fibroblasts from GFP mice were thawed and mixed
into 1×106/ml cell suspension with DMEM/F12 nutrient
solution (with 100 IU/ ml penicillin and with 100μg/ml
streptomycin) containing 10% fetal calf serum. PcDNA3NT-4 recombinants were subsequently transfected
into Fibroblasts and lipoplast-blank plasmid as control
transfection. Procedure was performed as the manual
of lipid Lipofectamine TM 2000. Three or four days
after transfection, cell supernatant of each group was
collected for subcultures. When the cells proliferated to a
60-70percentage of the flask, transfected cells were selected
by adding G418 (700 mg/l) to the cell culture medium.

AD model
After anesthetized with intraperitoneal injection of 3.6%
chloral hydrate (1ml/100g), rats were fixed in a brain
stereotaxic apparatus (Northwest Optic Instrument Company)
following the rat brain stereotaxic atlas by Bao Xinmin and
Shu Siyun (Bao Xinmin, et al,. 1991). Anterial frontal middle
was looked as coordinate zero. The dissection point was at:
anterior posterior 2.0mm, 1.0~4.0mm lateral to the midline,
ventral 4.0mm. After an incision was made into the scalp, the
cranium around the bilateral points were drilled and removed.
After dura mater was cut off, a double-edged and stainless
blade (2.0mm in width, 0.2mm in depth) was corona-inserted
into the brain. Then bilateral transect the fimbria-fornix
pathway were performed. Lastly skin was sutured.

Bioactivity of secreted NT-4
PC12 cells were plated with a density of 1×106 into 35 mmdiameter dishes overlaid with polylysine and they were
cultured in DMEM/F12 culture solution containing 10% fetal
calf serum. 48 hours later, supernatant of transfected cells and
DMEM/F12 culture solution containing 10% fetal calf serum
(1:1) were respectively added into dishes. Cell growth was
observed to check the bioactivity of secreted NT-4.

Cellular transplant
After the preparation of AD model, NT-4-GFP-Fibroblasts
were bilaterally injected into rat hippocampus of the
Fibroblasts treated group (a total of 200-300,000 cells were
injected into each hippocampus) with a microinjector over
a period of 10 min. The needle was slowly withdrawn after
injection. DMEM was for rats of the DMEM treated group
and NT-4 gene modified Fibroblasts for rats of the NT-4
gene modified Fibroblasts treated group. The injection site
was at: 2.0mm posterior to the anterior frontanel, 2.5mm
lateral to the midline, as described previously report (Wu
QY, et al,. 2007).

Reconstruction and of Preparation of NT-4 fragmets
pcDNA3-NT-4
Total RNA was isolated from the rat hippocampus tissue
using the RNAeasy Mini kit according to the manufacture’s
instructions (Qiagen, Hilden, Germany). Takara One
Step RNA PCR Kit (AMV) was used to perform RTPCR. Forward and reverse primers of NT-4 were as
follows: 5’-GCAAGCTTATGCTCCCTCGCCACTC-3’,
5’-GCGAATTCACGTCAGGCACGGC-3’. First cDNA
was generated from message RNA: 60min at 42°C, then
performed PCR with 35 cycles of denaturation: 1 minute
at 94°C; annealing: 1 minute at 60°C; and extension:1
minute at 72°C. The amplified products were separated by
electrophoresis on a 0.8% polyacrylamide gel, stained with
ethidium bromide, visualized under UV and PCR products

Behavioral testing
Morris water maze test (Morris R. 1984), was used to test
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clearly stained immunopositive profiles were included. The
numbers in an equal field were calculated to enable a blind
investigator to compare the number of cells in different
sections.

the cognitive ability of the experimental and control rats 3
months after transplantation. Data collection is done with
Image Monitoring System. Training in the water maze
took place during the day between 8:00 and 12:00 h in the
morning. Training for rats in the water maze lasted 5 days
and 4 times a day. For each trial, the rat was placed into
water with its head facing either the north, south, east or
west wall of the pool. We got two kinds of data: escape
latency, times for rats to pass platform; swimming track
within one minute to search for platform when it was taken
away in the afternoon on the fifth day.

Analysis of programmed cell death
The pattern of cell death in the basal forebrain was studied
by Tdt-mediated dUTP nick-end labeling (TUNEL) of
fragmented DNA using the kit Dead-End™ Fluorometric
TUNEL System (Promega, Madison, WI) essentially as
described by the manufacturer and adapted to whole organ
labeling(Frago LM, et al,. 1998; Frago LM, et al,. 2003).
The tissues were mounted with Vectashield with DAPI
(Vector) and visualized on a confocal microscope (Leica,
TCS SP2). TUNEL-positive cells were counted using Image
Analysis Software (Olympus, Tokyo, Japan) attributing
a value of 1 to the control condition (no addition, 0S). At
least five sections were assayed per animal. The data are
presented as the mean ± SEM and the statistical significance
was estimated with the Student's t-test.

Histological and immunohistochemical examinations
After the behavioral test, the rats were perfused with 4%
paraformaldehyde in 0.1mol/L phosphate buffer solution
(PBS). Their brains were obtained and further fixed in the
same solution for 24 hours, and then placed sequentially
in a 10%, 20% and 30% sucrosed PBS. Serial coronal
sections of the hippocampus were cut at 20μm thickness in
a freezing microtome (LEICA CM 1900). The transplanted
GFP-fibroblasts in the molecular layer in the CA1 zone were
observed.
To determine the localization of Neun(neuronal marker),
ChAT(cholinergic neuronal and axonal marker) in the brain,
immunohistochemical staining was performed as previously
report (Zhang HT, et al,. 2007; Li Y, et al,. 2011). Tissue
block from basal forebrain and hippocampus was obtained
and placed in 20% sucrose solution in 0.1 M phosphate
buffer (PB). After the specimen had sunken to the bottom of
the bottle, horizontal sections were cut at 20 μm thicknesses
on a freezing microtome (Leica CM1900, Germany). For
accurate representation of the data, the every 10th section
of each sample was processed for immunohistochemistry
as previously reported (Yang HJ, et al,. 2009). Briefly, after
washing three times (5 min each) in 0.1 M PBS, the sections
were incubated free-floating in 3% hydrogen peroxide for
30 min, and soaked in 5% normal goat serum containing
0.3% Triton X-100 for 30 min at 37°C. They were then
transferred to a solution of the respective primary antibodies
for 48 h at 4°C (polyclonal neurotrophin antisera for Neun,
or ChAT, diluted 1:500, Chemicon) containing 2% normal
goat serum and 0.3% Triton X-100. After immersion in the
primary antibodies or PBS, the sections were incubated in
Reagents I and II from the Reagent Kit (Millipore, AntiRabbit/Mouse Poly-HRP IHC Detection Kit, USA), each
for 30 min at 37°C. This was followed by three times of
washing, each 5 min in 0.1 M PBS. The immunoreactive
products were visualized by placing the sections in a
staining solution containing 0.05% 3,3’-diaminobenzidine,
0.1% nickel sulphate and 0.01% hydrogen peroxide for 10
min. Sections were observed in a light microscope (Leica
DMI 6000 B inverted microscope, Germany) coupled with
a computer assisted video camera (Leica, Germany). In
order to ensure consistency in the analysis, all the sections
obtained for immunohistochemistry were stained under the
same conditions. The Leica QWin image analysis software
(Leica Qwin, Germany) was used to count the number of
Neun, or ChAT, in basal forebrain and immunoreactive (IR)
nerve terminals in hippocampus at 400× magnification. Only

Western blotting
WB was performed following instruction (Ba YC, et
al,. 2010). Tissues from each group were obtained. After
carefully removing the brain meninges, the peri confusional
tissues were homogenized on ice in a Lysis Buffer,
containing 0.05M Tris–HCL (pH7.4, Amresco, Solon,
OH, USA), 0.5 M EDTA (Amresco), 30% TritonX-100
(Amresco), NaCl (Amresco), 10% SDS (Sigma, St Louis,
MO, USA) and 1mM PMSF (Amresco), then centrifuged
at 12,000g for 30 min. The supernatant was obtained and
stored at -80°C for later use. Protein concentration was
assayed with BCA reagent (Sigma). A 20 ml aliquot of the
samples was loaded on to each lane and electrophoresed on
12% SDS–polyacrylamide gel (SDS–PAGE) for 2.5 h at a
constant voltage of 120V. Proteins were transferred from
the gel to a nitrocellulose membrane for 435 min at 24V.
The membrane was blocked with PBS containing 0.05%
Tween-20 (PBST) with 10% non-fat dry milk overnight at
48C. The membrane was rinsed with PBST and incubated
with the primary antibody for synaptophysin, (1:200,
Chemicon) at 48°C. The membrane was incubated with
a HRP-conjugated goat anti-rabbit IgG (1:5000; Vector
Laboratories, Burlingame, CA, USA) for 2h at room
temperature and was developed in ECM kit and exposed
against X-ray film in a darkroom. Densitometry analysis
for the level of synaptophysin, protein was performed by
Bio-Gel Imagining system equipped with Genius synaptic
gene tool software. β-actin (the primary antibody, 1:200, the
secondary antibody, 1:5000; Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA, USA) was used as an internal control.
Statistic analysis
Data in each group presented as X±S, SPSS10.0 software
was used for all statistical analyses. One-Way ANOVA was
conducted between each group; t test was implemented on
data of 24h before injury, 24h after injury as well as two
weeks after injury within each group.
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Figure 1 Effect of hippocampus umbrella transection on cognitive dysfunction and ChAT positive neurons in basal forebrain and
cholinergic positive axons in hippocampus. The cognitive function, indicated by escape latency and spatial exploration ability in rats
subjected to hippocampal umbrella transection, exhibited a significant delay ,compared to sham operated rats (Fig 1 A-B). Negtive control of
immunohistochemistry was shown in C. The number of ChAT positive neurons in basal forebrain (Fig 1D-F) and cholinergic positive axons (G-I)
in hippocampus simultaneously decreased markedly after hippocampal umbrella transection. Bar=50μm, shown in H.

NT-4 clone and identification of biologic activity
Total RNA quality was shown in fig 2A-B, which suggested
28S, 18S and 5S have been isolated effectively, confirming
the good quality for the total RNA( Figure 2A). In order
to construct the NT-4 plasmid, NT-4 gene from fetal rat
brain was isolated, then cloned into pcDNA III vector. The
corrected NT4 segment in pcDNA III vector was shown in
Fig 2B and Fig 2C. In order to detect the bioactivity of NT4, pcDNA III-NT4 was transfected into PC12 cell in vitro,
which results in more survival in the number of PC12 cell
than control one (Figure 2 D-F).

Results
Hippocampus umbrella transection leads to cognitive
dysfunction associated to decrease of AChE positive neurons in
basal forebrain and cholinergic positive axons in hippocampus
Compared to sham operated rats, the cognitive function,
indicated by escape latency and spatial exploration ability
in rats subjected to hippocampal umbrella transection,
exhibited a significant delay (p<0.05) (Figure 1 A-C). This
showed that the learning and memory of rats have been
damaged and the cognitive function has partially lost in
tested animals. Comparatively, in hippocampus, the number
of ChAT positive neurons in basal forebrain (Figure 1 D-F)
and cholinergic positive axons (Figure 1 G-I) simultaneously
decreased markedly. C showed the negative control of
immunohistochemical staining.

Effect of NT-4 gene transplantation on the cognitive
function and morphology
NT4 transfected fibroblasts from GFP mice in hippocampus
12
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Figure 2 NT-4 clone and identification of biologic activity. Total RNA quality was shown in Figure 2A, which suggested 28S, 18S and 5S have
been isolated effectively. The corrected NT4 segment in pcDNA III vector was shown in Figure 2B and Figure 2C. pcDNA III-NT4 was transfected
into PC12 cell in vitro, which results in more survival in the number of PC12 cell than control one (Figure 2 D-F). Bar=50μm, shown in H.

increase in escape latency in wild type mice. NT4 fibroblasts
transplantation reduced the escape latency. However, it
failed to rescue the loss of learning and memory in BDNF
knockdown mice with hippocampus umbrella transection
after NT-4 administration, confirming maintenance of NT-4
activity in improving cognitive function was dependent on
BDNF expression Figure 5.

were shown in Figure 3A, and transplant of NT4 transfected
fibroblasts resulted in a significant improvement of cognitive
function, indicated by comparison of escape latency (B) and
spatial exploration(C) from Morris water maze analysis.
NT4 administration also leads to increase of ChAT positive
neurons (D-F) and inhibition of neural apoptosis in basal
forebrain (G-I). Moreover, NT4 administration markedly
increased the number of ChAT-IR axons in hippocampus (K),
compared with rats without NT-4 administration(J).

Discussion
AD models are important for the research on the etiology
of AD and the development of drugs for its prevention and
cure. Until now no ideal model totally representing AD is
available. Fimbria-fornix is thought to be the main fiber
pathway of cholinergic nerve projection to hippocampus.
The deafferentation of the hippocampus results in a
degeneration of cholinergic septo-hippocampal terminals
accompanied by a persistent decrease of ChAT and
acetylcholine esterase activities similar to the cholinergic
malfunction in AD (Naumann T, et al,. 2003; Krugel U, et
al,. 2001). The AD model induced by the fimbria-fornix
transection in the rat was adopted in this experiment and
the multiple aspects showed that our attempt to reproduce
an AD model had been successful from cognitive function,
morphology and immunohistochemistry. Previously, models
characterized with hippocampus umbrella transection,
has been reported to study etiology and treatment of AD.
Importantly, Li found that the NT-4 gene delivery is an
effective strategy for AD treatment. This may provide a
novel method that could be available to the treatment of AD

Transplantation of NT4-transfected fibroblast upregulated
BDNF and associated with activation Erk signal in AD rats
RT-PCR conf irmed that transplantation of NT4-transfected
fibroblast in AD rats positively upregulated the BDNF level and
Erk in the hippocampus (A, B), and increased the number of
spared neurons in the basal forebrain (C: control, D:NT-4 addition)
Figure 4..
Effect of BDNF knockdown on the cognitive function
improvement in AD rats subjected to NT-4 administration
Morris water maze assessment showed hippocampus
umbrella transection resulted in a significant decrease in
cognitive function involved in learning and memory, while
NT-4 administration dramatically improved learning and
memory in rats subjected to bilateral hippocampus umbrella
lesions. To see whether BDNF upregulation accounts for
the improvement of cognitive function, we have tested
this paradiagm in mice. Consistent with the data in rats,
mice with the hippocampal umbrella lesion also caused
13
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Figure 3 Effect of NT-4 gene transplantation on the cognitive function and morphology. NT4 transfected fibroblasts from GFP mice in
hippocampus were shown in Figure 3A, and transplant of NT4 transfected fibroblasts resulted in a significant improvement of cognitive function,
indicated by comparison of escape latency (B) and spatial exploration(C) from Morris water maze analysis. NT4 administration also leads to
increase of ChAT positive neurons (D-F) and inhibition of neural apoptosis in basal forebrain (G-I). Moreover, NT4 administration markedly
increased the number of ChAT-IR axons in hippocampus (K), compared with rats without NT-4 administration(J).

in future clinical trial (Liu J, et al,. 2009). The result from
the present study not only supports the previous findings
that NT-4 is useful molecule in improving the learning and
memory ability, compared with the sham control rats, but
also most importantly, we find that the BDNF is a crucial
molecule underlying the effectiveness of NT-4 treatment in
cognitive functional improvement.
In the present study, a significant recovery on neurologic
functions was found in rats subjected to hippocampus
umbrella transaction treated with intrahippocapally-injected

fibroblast-NT-4, compared with the control rats. Also, the
administration of NT-4 fibroblasts increased significantly
ChAT activity in hippocampus. Franscisco reported that
the activity of ChAT had an intimate relation with the
cognitive function (Boncristiano S, et al,. 2002). Therefore,
the implanted fibroblasts with overexpression of NT-4
could increase Ach transmitter to improve the learning and
memory abilities of AD rats. These suggest that NT-4 is a
crucial molecule for the treatment of AD in future clinic
trial.
14
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Figure 4 Transplantation of NT4-transfected fibroblast upregulated BDNF and associated with activation Erk signal in AD rats. RT-PCR
confirmed that transplantation of NT4-transfected fibroblast in AD rats positively upregulated the BDNF level and Erk in the hippocampus (A, B),
and increase the number of spared neurons in the basal forebrain (C: control, D:NT-4 addition). Bar=50μm,Shown in D.

Figure 5 Effect of BDNF knockdown on the cognitive function improvement in AD rats subjected to NT-4 administration. Morris water
maze assessment showed hippocampus umbrella transection results in a significant decrease in cognitive function involved in learning and
memory. While NT-4 administration dramatically improves learning and memory in rats subjected to bilateral hippocampus umbralla lesions. To
see whether BDNF upregulation accounts for the improvement of cognitive function, we have tested this paradiagm in mice. Consistent with the
data in rats, mice with the hippocampal umbrella lesion also cuased increase in escape latency in wild type mice. NT4 fibroblasts transplantation
reduced the escape latency. However, it failed to rescue the loss of learning and memory in BDNF knockdown mice with hippocampus umbrella
transection after NT-4 administration, confirming maintenance of NT-4 activity in improving cognitive function is dependent on BDNF expression.

effect on either Aβ or tau, yet rescued cognitive function
by compensating for the toxic effects of oligomers on
synaptic connectivity via BDNF ( Mathew Blurton-Jones,
et al,. 2009). These supported the crucial role of BDNF in
cognitive improvement. Previously, BDNF as an important
molecule in neuroplasticity and neurprotection has been
extensively reported (Wang XY, et al,. 2009; Zhang HT, et
al,. 2008; Li XL, et al,. 2007; Chen J, et al,. 2007). In the
present study, we found that the cognitive functions caused
by the transplantation of NT-4 fibroblasts were lost in BDNF
knockdown mice with hippocampus umbrella transection.

Up to now, there is no ideal strategy for AD treatment and
the etiology of AD and the development of drugs for its
prevention and cure remains to be elucidated. It has been
known that cognitive dysfunction correlates best, not with
Aβ or tau pathology, but rather with hippocampal synaptic
density (Walsh DM, et al,. 2002). Growing evidence also
suggests that soluble Aβ oligomers impair cognition and
long-term potentiation by binding to and altering synaptic
shape, composition, and density (Terry RD, et al,. 1991;
Lacor PN, et al,. 2007; Mucke L, et al,. 2000). Recent study
also indicated that NSC transplantation had no apparent
15
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This suggests that BDNF is a crucial molecule to maintain
NT-4 activity in cognitive improvement. The present
findings are not only useful to understand the mechanism
of NT-4 in AD treatment, but also give us some important
indications that NT-4 and BDNF, as two vital molecules,
could be used simultaneously to intervene AD in clinic trial.
Together, we applied NT-4 to AD model rats and the
therapeutic effect was positive. NT-4 would offer
neuroprotection for hippocampus neurons following AD.
Moreover, BDNF, a vital molecule that play a crucial role in
synaptic plasticity, is necessary for the effectiveness of NT-4
on the cognitive function improvement. The novel findings
could be useful to the usage of NT-4 and BDNF in future
clinic practice. For AD patients, this may be a promising
therapy.
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