Hindawi

Neural Plasticity

Volume 2022, Article ID 3889300, 15 pages
https://doi.org/10.1155/2022/3889300

Review Article

Brain-Derived Neurotrophic Factor and Nerve Growth Factor
Therapeutics for Brain Injury: The Current Translational
Challenges in Preclinical and Clinical Research

Serena-Kaye Sims ! Brynna Wilken-Resman,’ Crystal J. Smith ! Ashley Mitchell,!

Lilly McGonegal,” and Catrina Sims-Robinson

1

'Medical University of South Carolina, 173 Ashley Ave, Charleston, SC 29424, USA
2College of Charleston, 66 George Street, Charleston, SC 29424, USA

Correspondence should be addressed to Catrina Sims-Robinson; robinsoc@musc.edu

Received 15 September 2021; Accepted 4 February 2022; Published 2 March 2022

Academic Editor: Gabriela Delevati Colpo

Copyright © 2022 Serena-Kaye Sims et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Ischemic stroke and traumatic brain injury (TBI) are among the leading causes of death and disability worldwide with
impairments ranging from mild to severe. Many therapies are aimed at improving functional and cognitive recovery by
targeting neural repair but have encountered issues involving efficacy and drug delivery. As a result, therapeutic options for
patients are sparse. Neurotrophic factors are one of the key mediators of neural plasticity and functional recovery.
Neurotrophic factors such as brain-derived neurotrophic factor (BDNF) and nerve growth factor (NGF) serve as potential
therapeutic options to increase neural repair and recovery as they promote neuroprotection and regeneration. BDNF and NGF
have demonstrated the ability to improve functional recovery in preclinical and to a lesser extent clinical studies. Direct and
indirect methods to increase levels of neurotrophic factors in animal models have been successful in improving postinjury
outcome measures. However, the translation of these studies into clinical trials has been limited. Preclinical experiments have
largely failed to result in significant impacts in clinical research. This review will focus on the administration of these
neurotrophic factors in preclinical and clinical stroke and TBI and the challenges in translating these therapies from the bench

to the clinic.

1. Introduction

Ischemic stroke, a leading cause of disability worldwide,
results from limited blood flow to the brain due to the block-
age or narrowing of arteries. Unfortunately, there are a lack
of therapeutic options that can effectively minimize damage
or aid in recovery following brain injury from ischemic
stroke. The pharmacologic standard of care involves clot
breakdown with the thrombolytic agent tissue plasminogen
activator (tPA) and/or prevention of further ischemia using
anticoagulants such as aspirin. After a stroke, tPA is often
the best available option for patients but must be adminis-
tered within the first 3 hours, or potentially up to 4.5 hours
[1]. The short time window in which tPA can be adminis-
tered, combined with potential complications such as intra-

cranial hemorrhage, has greatly limited its use in some
patients [2]. While clot thrombolysis and prevention can
be useful in preventing further ischemic damage, by the time
a stroke patient receives these treatments, brain injury has
already occurred. Despite a need for new stroke treatments,
there has been little success in identifying therapeutics that
can be widely used to promote neural repair and improve
functional recovery following brain injury. Many promising
experimental treatments have failed to deliver positive
results in clinical trials [3] for reasons including lack of
efficacy and target validation and pharmacokinetic and
pharmacodynamic issues [4].

One avenue of stroke research has involved exploring the
use of neurotrophin treatments as a mechanism for neural
repair and enhanced recovery. Neurotrophins are a family
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of growth factors that play important roles in the survival
and function of neurons. There are four known members
of the neurotrophin family of growth factors in mammals:
brain-derived neurotrophic factor (BDNF), nerve growth
factor (NGF), neurotrophin-3 (NT-3), and neurotrophin 4
(NT-4) [5]. Neurotrophins regulate development in the
central and peripheral nervous systems by interacting with
tropomyosin receptor kinase (Trk) receptors [6]. NGF
preferentially binds with TrkA receptors, BDNF and NT-4
with TrkB receptors, and NT-3 with TrkC receptors [5].
The dimerization and autophosphorylation of Trk receptors
activate major signaling pathways including PLC-gamma,
MAPK/ERK, and PI3K/Akt which suppress apoptosis
through their downstream mediators CREB, BCL2, and
BAX and Bad, respectively [7]. BDNF and NGF increase
the phosphorylation of synapsin 1 for synaptic vesicle release
[8]. These four neurotrophins also bind to their low-affinity
receptor, p75™ %, which induces apoptosis, and in some
cases may promote neuronal survival and neurite growth
during neurodevelopment [9]. Therefore, neurotrophins
are key mediators in neural plasticity postinjury to promote
neuronal growth and survival [10]. Of these four neurotro-
phins, only two, BDNF and NGF, are well studied as poten-
tial stroke treatments.

This review will outline the current state of preclinical
and clinical research surrounding the potential for BDNF
and NGF to become treatment options for patients following
stroke. These neurotrophins promote neuroprotection and
regeneration and have been examined to determine their
role in neural repair as well as their ability to improve func-
tional recovery in preclinical and, to a lesser extent, clinical
studies. Direct and indirect methods of increasing levels of
these neurotrophins in animal models have demonstrated
promise in improving outcome measures following brain
injury. Unfortunately, the translation of these preclinical
studies into clinical trials has been limited. This review will
focus on both direct administration of exogenous neuro-
trophic factors and indirect methods of modifying endoge-
nous neurotrophic factor levels in the central nervous
system after stroke, and it will also examine the challenges
involved in moving BDNF and NGF-related treatments
from the bench to the clinic.

1.1. Challenges with Treatments. Currently, a need exists for
the development of additional therapies that are effective for
improving recovery from ischemic injury. While there have
been promising advances in preclinical studies, many of
these therapies have failed to translate clinically. There are
several challenges that may contribute to this lack of transla-
tion. First, many treatments have poor pharmacokinetic
profiles [11]. Second, the presence of the blood-brain barrier
limits the ability of many systemically administered thera-
peutics to access the central nervous system. Finally, preclin-
ical studies vary widely in their methods, and their outcomes
have not converged on a consensus as to the effects of neu-
rotrophin treatment or the extent of those effects. These
issues may contribute to the challenges in translating pre-
clinical studies into clinical trials. Human trials involving
the administration of neurotrophins for ischemic injury are
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rare, and there have been no large, comprehensive clinical
trials. As a result, there is not sufficient information to assess
whether current preclinical models and methodologies are
adequate to forecast human outcomes.

1.2. Poor Pharmacokinetics (ex., Size and Half-Life). Neuro-
trophins can form protein-antibody complexes which may
affect their tissue distribution, metabolism, and elimination.
Additionally, peptidases and proteases in the blood can
degrade neurotrophins, leading to reduced bioavailability,
as evidenced by poor tissue distribution and short half-
lives. An increased dose would be required to compensate
for its poor bioavailability. This, in turn, can trigger adverse
effects. Administration of neurotrophins can cause immuno-
genicity which can manifest in adverse effects including
hypersensitivity and anaphylactic shock [12]. In order to
overcome these pharmacokinetic issues, neurotrophins have
been incorporated in drug delivery systems and neurotro-
phin mimetics with more favorable pharmacokinetics have
been developed. Studies involving the implantation of BDNF
polymers in the hippocampi of rats indicated that micro-
spheres released the majority of the encapsulated BDNF
within 48 hours [13]. Mimetics, which mimic the BDNF
protein, were similarly created in an attempt to circumvent
the pharmacokinetic issues [14]. The development of
nonpeptide molecules that can activate the TrkB receptor
without activating the harmful p75NTR receptor has been
the subject of current research. In vitro experiments demon-
strate that the molecule LM22A-4, a selective small-molecule
partial agonist of TrkB, can trigger the downstream activa-
tors of the TrkB receptor [9]. Although these interventions
are still in the preclinical stage, their potential to overcome
pharmacokinetic challenges may lead to future use in clinical
trials. An additional benefit of mimetics is that they may be
better able to cross the blood-brain barrier compared to
BDNF and NGF.

1.3. Poor Blood-Brain Barrier Permeability. Attempts to use
BDNF and NGF as therapeutics for central nervous system
(CNS) disorders typically utilize central administration
routes that bypass the BBB, including intracerebroventricu-
lar (ICV) injection, intraparenchymal injection, and intrana-
sal administration [11]. This is largely due to their severe
limitation in crossing the blood-brain barrier; however, chal-
lenges related to direct central administration still remain
[11]. Intracerebroventricular and intraparenchymal routes
of administration are highly invasive. Although intranasal
administration is noninvasive, it generally results in lower
efficiency of drug delivery to brain tissues as nasal mucosa
can inhibit molecule permeability which is compounded by
a lack of literature on appropriate nasal delivery [15]. The
lack of methods for efficient and noninvasive delivery of
BDNF and NGF to the brain has therefore presented a road-
block to studying the direct administration of these neuro-
trophins. To circumvent this issue, there have been some
studies involving indirect modification of the levels of neu-
rotrophins, specifically BDNF.

Indirect modification is achieved by the administration
of therapeutics that elicit an increase in neurotrophins in
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the CNS, including drugs classified as NMDA receptor
antagonists, cholinesterase inhibitors, statins, and sigma-1
receptor agonists. NMDA receptor antagonists, including
memantine, ketamine, and dextromethorphan, have been
used in humans as experimental therapeutics for stroke.
NMDA receptor antagonism is a mechanism of action in
several Alzheimer’s disease therapeutics, including meman-
tine. In addition to NMDA receptor antagonism, memantine
was found to increase BDNF levels in macaques, as mea-
sured by upregulated mRNA and protein expression of
BDNF [16]. Because of this impact on neurotrophic factor
expression, memantine and other NMDA receptor antago-
nists are being studied as potential stroke therapeutics in
animal models as well as in human clinical trials. One
completed trial investigating memantine as a therapeutic
for poststroke aphasia showed that memantine treatment
resulted in an improvement in speech compared to placebo
but did not measure BDNF levels, so it is unclear what
mechanisms underlie the benefits to speech associated with
memantine treatment [17]. In mice, memantine resulted in
increased BDNF signaling, a reduction in reactive astroglio-
sis, improved vascularization, and improvements in func-
tional recovery [18]. In addition to memantine, several
other therapeutics have been shown to modify BDNF levels.
Donepezil, a cholinesterase inhibitor used for the treatment
of Alzheimer’s disease, increased serum BDNF in Alzhei-
mer’s disease patients [19], while atorvastatin, a HMG-
CoA reductase inhibitor, increased serum BDNF levels and
improved functional recovery following stroke [20]. Sigma-
1 agonists, which activate TrkB receptors, have been shown
to increase BDNF levels in the rat hippocampus [21] and
demonstrate neuroprotective effects [22, 23] in a non-
SOD1 motor neuron disease model, Huntington’s disease
model, and an SOD1 ALS model through the ERK and
Akt pathways downstream of TrkB [24-26].

Stem cell therapy is another method currently being
studied for its potential to increase BDNF levels. In vitro
studies have shown that neural progenitor cells are capable
of releasing neurotrophins including BDNF, NGF, and
NT-3 [21]. Further preclinical studies have demonstrated
the utility of stem cells to elevate BDNF in models of neuro-
logical disorders. Implantation of neural stem cells yielded
elevated BDNF and increased synaptic density in a mouse
model of Alzheimer’s disease [22] while mouse models of
ischemia reveal that administration of embryonic stem
cells (ESCs) can lead to the restoration of behavioral defi-
cits, synaptic connections, and damaged neurons through
the release of neurotrophic factors such as BDNF, NGF,
and GDNF [23-25].

1.4. Lack of Consensus on Measurable Outcomes of Recovery.
Several case studies examining the administration of neu-
rotrophic factors, specifically NGF, were published during
the 1980s and 1990s but resulted in a lack of consensus
on measurable outcomes of recovery. Trials involving cen-
tral administration of NGF to aid recovery after cerebral
ischemia were preceded by its use in Parkinson’s disease
and Alzheimer’s disease [26]. Clinical use of exogenous
neurotrophic factors was later examined in two case studies

examining the impact of NGF administered via intracerebro-
ventricular infusion on the recovery of infants following a
hypoxic/ischemic event. Results of this intervention demon-
strated measurable improvements in cognitive and motor
performance, including improvements in cerebral perfusion
and Glasgow coma score, among other measurements [27].
However, it is difficult to draw any generalized conclusions
regarding the efficacy of centrally administered neurotro-
phins in humans given that these results represented only
several individuals within case studies.

Many of the ongoing clinical studies are aimed at using
rehabilitation methods such as exercise, transcranial mag-
netic stimulation (TMS), or hyperbaric oxygen to increase
neurotrophin levels, specifically BDNF, and NGF (Table 1).
An earlier clinical trial demonstrated increased BDNF levels
within the cerebrospinal fluid following intrathecal adminis-
tration of recombinant BDNF in patients with amyotrophic
lateral sclerosis (ALS) [28]. While patients in this clinical
trial did not experience serious or painful side effects due
to administration, results failed to improve outcome
measures. However, a subgroup of patients with severely
impaired respiratory problems did significantly improve
when compared to placebo groups. This clinical trial demon-
strates the possibility of using recombinant BDNF and other
neurotrophins to improve severe neurological conditions as
other trials involving subcutaneous and intrathecal adminis-
tration of BDNF are in progress for other conditions such as
ALS and spinal cord injury [29].

1.5. The Impact of BDNF Polymorphisms. The beneficial
impact of treatment effectiveness is further limited by the
presence of BDNF polymorphisms. One of the more studied
genetic variants of BDNF is the val66met single nucleotide
polymorphism (SNP), which is common in humans, partic-
ularly in Asian (40-50%) and Caucasian (25-32%) popula-
tions [30]. The val66met SNP is linked to a decrease in
activity-dependent BDNF release (but not constitutive
BDNF release) and reduced cortical plasticity [31]. It is pos-
sible to track and compare the recovery and outcomes of
ischemic stroke patients with the normal or abnormal
genetic variants of the neurotrophic factor to better under-
stand the effects of neurotrophic factors in cognitive and
motor recovery. Although it is debated, it has been suggested
that val66met polymorphism may play a role in neurological
and neuropsychiatric disorders. The inconsistency in results
is complicated by variations in the genetic model used, age,
sex, ethnicity, and other factors [32]. Furthermore, the
implications of this polymorphism in stroke recovery are
not well defined. Recovery of stroke patients has been
tracked in several studies investigating cognitive and motor
function. The results have been mixed, with some studies
suggesting that this polymorphism is linked to worse out-
comes compared to the normal BDNF gene and other stud-
ies reporting that worse outcomes were seen for short-term
but not long-term recovery or that there was no impact on
recovery [33-36].

1.6. Ongoing Clinical Trials for Stroke. There is currently
only one clinical trial evaluating central administration of



TaBLE 1: Impact of neurotrophins on outcome measures in human stroke.
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Stroke and neurotrophins

Dates Number of .
Study of  participants ( efrs) Inclusion criteria Treatment administered Outcome measures
study  and sex ¥
Exogenous administered treatment
Increase in total brain
The neurotrophic effects féai’l;:ilj;tzsizlz?;se’
of lithium carbonate 2010- Age, English speaking,  Lithium carbonate, 0.4- & . .
. 12, all >40 o neurological disorders
following stroke: a 2017 stroke within 12 months 0.8 mmol/L for 2 months
feasibility study and stroke, serum BDNF
levels, serum lithium and
creatinine levels
Kinetics of plasma and. Age, recent ischemic Intravenous fibrinolysis Measurement of plasma
serum levels of BDNF in 2011- . . . levels of BDNF

. . . 50, all >18  stroke, informed consent, using rt-PA to increase
patients with ischemic 2012 cerebral imagin circulating BDNE Measurement of serum
stroke §ng & levels of BDNF

Categorical shift in mRS,
cognitive battery,
exploration of
biomarkers SDF-1«
The STem Cell . (chemokn.le) $1008
o Stroke within 90 days, (protection and
Application Researches L . Mesenchymal stem cell .
. 2012- radiological legions, . regeneration), HIF-1
and Trials In 60, all 30-75 . . intravenous L
2017 neurological deficits, . (preconditioning),
NeuroloGy-2 . transplantation . .
(STARTING-2) Stud informed consent circulating MSCs and
) udy MSC-derived
microparticles CD105-
CXCR4-PS BDNF levels
and its polymorphism,
and VEGF levels
Effects of intranasal NGF  2016- 106. all 518 Age, acute ischemic Intranasal NGF 20 ug/d ~ Neurological function
for acute ischemic stroke 2020 > - stroke, informed consent for 2 weeks (low mRS score)
Study the result of SUVEI_) ay_urvedlc Changes in IMT as an
. . . formulation in Ghana indicator of
ayurvedic SUVED & Diagnosis of vascular . -

. . . (concentrated) in atherosclerosis reversal,
Reimmugen (colostrum) 2016- 96. all 18-70 disease leading to THD, capsules: 500 ma each assessine the
treatment on vascular 2017 > CAD, CVA, DVT, PAD P ’ 8 ’ s

. Reimmugen, whole cow development/risk of
disease, CAD, CVA, at any stage - . . .
DVT colostrum in powder put ischemic events in other
in capsules; 300 mg each circulations
Western Aphasia Battery
. 5mg and 10 mg Assessment, Stroke and
Brain correlates of - . . .
. . . donepezil tablet, Aphasia Quality of Life
multimodal 2019- Age, diagnosis of . . . L
e . 20, all >18 . intensive language action Scale 39, Communication
rehabilitation in chronic 2020 poststroke aphasia . L
oststroke aphasia therapy, transcranial Activity Log, Stroke
P direct current stimulation ~ Aphasia Depression
Questionnaire
Evaluation of age, confirmation of 20 mg/d. (2 tab 5meg) Change.s " neurgloglcal
- . - . memantine for 7 days deficit by National
Memantine Versus ischemic stroke in MCA .
Placebo on Tschemic 2015- 47 all 518 territory by imaging and then 10 mg/d (1 tab  Institute of Health Scale
2017 ’ = ? 5mg) memantine for 21  Score (NIHSS), assessed

Stroke Outcome
(EMISO)

presentation at first 24 hrs

of disease onset days or placebo tablet for

21 days

disability by modified
Rankin scale (mRS)
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Dates Number of
tu 0 articipants nclusion criteria reatment administere utcome measures
Study f  particip (years) Inclusi iteri T dmini d (0]
study  and sex
Age, diagnosis of
lf/\f?:kr?ltecssstgili(l? alf[ron Memantine or placebo  Motor Activity Log, ten-
Memantine for swallo;v illtsy treatment given meter walk test, Stroke
2014- WP, increasing by 7 mg (1 Impact Scale (SIS),
enhanced stroke 20, all >18  supratentorial location of . . .
recovery 2022 stroke, living capsule) per week until a  Cancellation Tests, Grip
indepen der; tlv prior to goal dose of 28 mg daily ~ Strength Test, Montreal
s trokep able to ZI(E)lun tarily (goal dose) for 90 days Cognitive Assessment
move affected UE
Brain stimulation
mRS <2 and BI > 95
obtained at 3 months
after stroke onset, safety,
neurological outcome
assessed by NIHSS at
discharge < 5 or showing
improvement of at least 8
. points from the initial
A te ischemi Deep TMS (transcranial "
ge, acute ischemic maenetic stimulation stroke score or
Use of deep transcranial 2010- stroke, neurological 1 OEI;-IZ) 7. 15-minute improvement of at least 2
magnetic stimulation 2014 15, all 18-85 deficits after stroke, sessions’o £TMS to points on item 6 of the
after stroke informed consent, . . NIHSS (motor score leg),
NTHSS < 18 increase secretion of d locical
< good neurologica
BDNF
outcome as assessed by
NIHSS at 3 months < 5 or
showing improvement of
at least 8 points from the
initial stroke score or
improvement of at least 2
points on item 6 of the
NIHSS (motor score leg)
Age, 8 weeks-12 months
afterrn}s{ghsecn;ce sthli(z,nlow Cerebrolysin 30 mL once
IMPULSE—stimulation ’ daily (+70 mL 0.9%
Research Arm Test
of brain plasticity to 2020- 90. all 18.80 (ARAT) score 13-50, both saline), noninvasive brain ARAT, NHPT, hand grip
improve upper limb 2023 ’ inclusive. Shoul d,er stimulation dynamometry, NTHSS
recovery after stroke i 2mA/35cm? for 2 x 20
Abduction Finger minutes. once dail
Extension (SAFE) score es, Y
> 5, informed consent
Age, stroke within 3
months, residual
hemiparetic gait deficits, Transcranial direct
ability to walk without current stimulation Walking speed with 10-
Cortical priming to ankle orthotic, walking (tDCS) meter walk test, BDNF,
optimize gait 2020- 100. all 18-80 speed lesser than 1.4m/s, 1mA tDCS, ankle motor salivary samples for

rehabilitation in stroke: a 2025
renewal

lower limb Fugl-Meyer
motor score between 20
and 30, at least 5 deg of
ankle dorsiflexion
necessary to perform the
ankle-tracking task

training, high-intensity
interval speed-based
treadmill training
(HIISTT)

BDNF, corticomotor
excitability using TMS,
cognitive battery
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Dates Number of
Study of  participants (years) Inclusion criteria Treatment administered Outcome measures
study  and sex ¥
Physical activity
Change on motor
function, neuroplasticity
Effects of upper limb Stroke w1th.1n. 636 ICT two times a week for as assessgd by BDN.F’
. months, clinically . psychological evaluation
motor and robotic - ten weeks, robotic
. 2012- unstable, informed . assessed by PSS-10,
training over 51, all >18 . occupational therapy . . o
. 2017 consent, low upper limb . corticospinal excitability
neuroplasticity and three times a week for
. . Brunnstrom scale score, as assessed by TMS,
function capacity . . . twelve weeks . .
minimal wrist extension neurologic evaluation as
assessed by
electroencephalography
Combined resistance and
Effects of combined Stroke, ability to walk, no aerobic training Cognltn./e. func.t o quy
. . . oo L For the group composition, biochemical
resistance and aerobic Child  pain limitation, living in .
. . . randomized to AT+RT, changes (blood samples
training vs. aerobic 2013- adult, community for 3 months . .
L. . 72, all patients will gradually be BDNEF, IGF-1,
training on cognition 2016 older poststroke, motor .
. . Lo . progressed from 1 to 2 homocysteine, and C-
and mobility following adult  impairment, informed . .
stroke consent sets and then from 10 to reactive protein),
15 repetitions and then functional mobility
increase resistance
Number of participants
with treatment-emergent
serious adverse events,
adherence to a 12-week
combined exercise and
cognitive training
Ischemic or hemorrhagic P rott;gﬁl Vgls;f 2:: sirfiam
The safety and stroke, high mRS score, . . group, 8
1 . : ARET: combined aerobic cognitive performance on
tolerability of an aerobic recently discharged from - . o
. . 2014- . and resistance exercise cognitive
and resistance exercise 132, all >18 the hospital, less than .. .. .
. - 2019 . . . training; CTT: cognitive neuropsychological
program with cognitive ideal physical activity, L2 .
2. training intervention battery done at pre-,
training poststroke able to walk >10 meters
. . . post- and 6-month
with or without assistance .
follow-up visits, change
in health-related quality
of life-depression, change
in health-related quality
of life-daily activities,
change in blood plasma
concentration of BDNF
Peak CO, exercise
VO,peak, OUES, VCO,
ratio Ve-VCO,,
differences of the brain
A[O,Hb], differences of
N ) - .
Aerobic tr'almngs on 2016 23, all 20-80 Stroke, MMSE > 24, no Aerobic exercise training .the brain A[HHb],
stroke patients 2018 acute coronary syndrome differences of regional

blood volume A[THD],
PCS, MCS, MMSE,
BDNF levels, percentage
of cell bearing neurites,
neuron images
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Dates Number of .
tu o articipants nclusion criteria reatment administere utcome measures
Study f  particip (efrs) Inclusion criteri T dministered O
study  and sex ¥
Serum BDNF role as a Un_ﬂ? tel_‘al Strf)k?’ Conventlopgl 11_1pat1ent Serum BDNF levels,
) 2017- rehabilitation within 1 rehabilitation
biomarker for stroke 150, female  >19 .. . serum proBDNF, MMP-
e 2019 month of stroke onset, ~Comprehensive inpatient
rehabilitation . . e 9
motor impairment rehabilitation for 2 weeks
Ischemic or hemorrh.aglc Cognitive battery, BDNF
. stroke, age, low cognitive .
Effects of combined . . . val66met genotype saliva
o . . assessment score, Aerobic exercise training,
cognitive training with ~ 2018- e . . i samples, serum BDNF
. L 75, all 20-90  cognitive impairment,  computerized cognitive
aerobic exercise in stroke 2021 bility to follow trainin level, TAC, glucose
patients with MCI . v s 8 indicator, plasma lipid
instructions, ability to
. o1 level
exercise, ability to walk
Stroke within 12 weeks of ulz:ai\i/IA’o;tlri(f)elz(z-csall):Cﬁ;S
Chiropractic care plus Child trial, neurological deficits, q TtI}}G HRV da,il ’
physiotherapy compared 2019- a dult’ upper/lower limb movemer;t blO(; d erker
to physiotherapy alone 2019 100, all ol der’ weakness, Fugl-Meyer Chiropractic care BDNE l;loo 4 marker
in chronic stroke adult Assessment (FMA) motor GDNF, blood marker
patients score of less than 80 at the ’ .
. IGF2, transcranial
time of enrollment . .
magnetic stimulation
Change in interleukin-
1beta level in blood,
change in interleukin-6
Supratentorial level in blood, change in
Biologic mechanisms of intracerebral hemorrhage tumor necrosis factor-
gle 1 with or without . alpha level in blood,
early exercise after 2019- . . Supine cycle ergometry of . X
. 40, all >18 intraventricular - change in C-reactive
intracerebral 2021 . the lower extremities . .
hemorrhage hemorrhage, premorbid protein level in blood,
mRS score 0-2, informed change in BDNF level in
consent blood, change in
interleukin-1beta level in
CSF, change in
interleukin-6 level in CSF
Change in weight,
biomarker analysis (isrin,
Group Lifestyle 2019- Age, BMI > 25, stroke GLB weight loss a;gt:;ggggof:c;?;snz]iGF’
Balance™ for individuals 2021 65, all 18-65 within 12 months, intervention, Group PLA2 I CF—IYBDNI; a}; 4
with stroke (GLB-CVA) physician approval Lifestyle Balance ’ L J
tau proteins, physical
activity, blood pressure,
cholesterol)
Functional ambulation
categories, 6-minute
walking test, circulating
Age, hospitalized at biomarkers, blood
Muscle trajectories in 2019- neurology ward of UZ sampling circulating
acute stroke patients 2024 200, all 218 Brussel, stroke, informed Follow-up assessments biomarkers: brain-
consent derived neurotrophic

factor (BDNF),
inflammation-related
biomarkers
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Dates Number of .
Study of  participants ( efrs) Inclusion criteria Treatment administered Outcome measures
study  and sex ¥
Presence/absence of
rs6265 in the BDNF,
presence/absence of 5-
I . Stroke within 2-24 ks, . . HTTLPR in the SLC6A4,
Rehabilomics study in roke wiram weeks Robotic-assisted m e
. 2020- age, ability to perform . - . change in promoter
stroke patients after 100, all 55-85 . intervention (30 sessions, .
) L. 2021 rehabilitation treatment, . methylation levels of
robotic rehabilitation o 5 times a week) .
language abilities BDNF gene, change in
promoter methylation
levels of SLC6A4 gene,
cognitive battery
Change in upper
extremity impairment as
assessed by the FMA
extremity, change in
. s . . t it
Unilateral stroke within 6 Aerobic exercise+DDP, upper extremity as
. . . assessed by the Wolf
months, impaired 15 minutes of aerobic .
. . . . Motor Function Test,
Exercise-primed upper shoulder flexion, arm  exercise on a recumbent . .
. . 2021- . . . change in physical
extremity motor practice 10, all 21-90  movement impairment, stationary cycle, 200 .
. ! 2022 . . e function and health-
in chronic stroke passive range of motion, repetitions on an upper . .
s . . e related quality of life as
age, ability to exercise,  extremity rehabilitation
1 . assessed by Stroke Impact
ability to communicate game called DDP .
Scale, change in
neuroplastic potential as
assessed by paired
associative stimulation,
assessment of BDNF
Safety of aerobic exercise
training, acceptability of
. . .. aerobic exercise training,
Aerobic exercise training .
. rectus femoris cross-
5-day, power-assisted, .
low to moderate sectional area, rectus
Age, stroke, medically . . . . femoris muscle thickness,
. . .. . . intensity, aerobic exercise .
Aerobic exercise training 2021- 30. all 518 stable, English speaking, training Drogramme vastus lateralis muscle
in acute ischemic stroke 2022 ’ - ability to move lower 16 progra * thickness, vastus lateralis
. Exercise duration to .
limbs . angle of pennation,
progress from 10 minutes e .
. cognitive function,
on day 1 to 30 minutes . .
on dav 5 anxiety, depression,
Y aerobic exercise-induced
changes in mature BDNF
serum and plasma
Serum and plasma analysis of BDNF
age, acute ischemic Neurological deficit,
stroke, 9 > score on . .
cognition, emotional
Glasgow coma scale, .
. . state, functional
Neuroactive steroids in ~ 2016- females in menopause, Observed changes in dependency of daily life
: . 80, all 60-90  patients without prior plasma BDNF and N .
acute ischemic stroke 2016 activities, cortisol,

cognitive impairment, nitrites
informed consent, no
prior cognitive

impairment

quantification of nitrite
concentration, BDNF
quantification in plasma
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Dates Number of .
Study of  participants ( efrs) Inclusion criteria Treatment administered Outcome measures
study  and sex ¥
A blood sample taken at
different times to study
Functional prognosis in the value of growth .

. 1 . . . e, Rate of handicap, serum
patients with ischemic 2016- 300. all 518 Ischemic stroke, age, differentiation factors levels of biomarkers of
stroke according to the 2020 ? - informed consent (GDF) 8, 11, and 15 and stress
therapeutic strategy used brain-derived

neurotrophic factor as
prognostic biomarkers
Hyperbaric oxygen, 10
sessions of HBOT at 2.0
atmosphere absolute Change in National
(ATA) for one hour in a Institutes of Health
Effects of repetitive . . hyperbaric chamber stroke score before and
. Acute ischemic stroke, . .
hyperbaric oxygen 2018- pressured with after treatment with
. . . 60, all 18-80 Glasgow coma scale more . .
therapy in patients with 2020 than 10 compressed air to hyperbaric oxygen
acute ischemic stroke upregulate expression of therapy, hospital
glial-derived mortality, hospital length
neurotrophic factor of stay
(GDNF) and nerve
growth factor (NGF)
History of stroke, ability 111 1361;{1:5::;?3:;’ gg§£
Effect of lifestyle changes 2018- to move at least 10 feet  Assessing BDNF levels at enop o car diO\;ascular
on BDNF level after 12, all 30-90 with little assistance, different time points genotype,
2019 . fitness-VO, max,
stroke ability to travel to throughout study -
intervention site cardiovascular fitness—
METs, 6-minute walk test
Lesions from stroke and
Role of genetic Child, TBI, patients hospitalized Qhange in FOIST change
olymorphism in 2018- adult for 30 days and were in BBS, change in MRC
POy L 220, all > followed up at 3 months  Blood serum analysis grade disability level,
neuroplasticity involved 2019 older S s
. . after lesion, informed cognitive battery, blood
in dysphagia recovery adult . .
consent, patients able to serum analysis
swallow
Changes in FA in CST,
the intrahemispheric
Diagnosed with first-ever corticocortical tract from
hemispheric ischemic the M1PMv and CC from
White matter integrity 2018- infarction with damage to 2 weeks to 3 months after
according to BDNF 2019 58, all 18-80  the supratentorial area BDNF serum analysis stroke according to
genotype after stroke confirmed by brain MRI BDNF genotype. BDNF
within 2 weeks after genotype SNP: Met
stroke onset substitution for Val at
codon 66 (Val66Met;
1s6265)
Moderate intensity
aerobic training in
subacute and chronic BDNF serum levels,
stroke patients-the ARAT, the FMA, 10-
influence on BDNF and Stroke within the last 3 Assessing BDNF levels at meter walking test, trunk
. 2019- o . . . . . .
upper-limb 2020 30, all >18  months or more, ability different time points sway in standing with

rehabilitation. A
protocol for a
randomized control trial
and health economic
evaluation

to move shoulders

throughout study

eyes closed, cognitive
battery, the FSS, stroke
impact scale
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TaBLE 1: Continued.

Stroke and neurotrophins

Dates Number of .
Study of  participants ( efrs) Inclusion criteria Treatment administered Outcome measures
study  and sex ¥
Functional ambulation
categories, 6-minute
walking test, circulating
Age, hospitalized at biomarkers, blood
Muscle trajectories in 2019- neurology ward of UZ sampling circulating
. 200, all >1 . Follow- t . .
acute stroke patients 2024 00, 2 218 Brussel, stroke, informed O\ P assessments biomarkers: brain-
consent derived neurotrophic

factor (BDNF),
inflammation-related
biomarkers

exogenous neurotrophic factors (Table 2). This trial, desig-
nated NCT03686163, has recruited 106 participants to eval-
uate the effects of intranasal NGF for acute ischemic stroke
(20 ug/day) for two weeks beginning at least 72 hours post-
stroke. Results are expected in late 2020. Additionally, there
are several ongoing or recruiting trials seeking to evaluate
the potential to enhance stroke recovery of therapeutics that
can influence BDNF levels in the CNS, including memantine
for enhanced stroke recovery (NCT02144584) and evalua-
tion of memantine vs. placebo on ischemic stroke outcome
(NCT02535611) as well as use of donepezil in combination
with transcranial direct current stimulation and intensive
speech therapy (NCT04134416). Given the abundance of
preclinical research using BDNF and BDNF-enhancing
therapeutics, it is notable that BDNF itself is not used as a
potential stroke therapeutic in current clinical trials. This
may be partially due to its severe limitation in crossing the
blood-brain barrier and the resulting challenges related to
drug delivery and direct central administration in humans
[11] whereas several FDA-approved small molecule thera-
peutics that cross the blood-brain barrier have been shown
to elicit increases in BDNF, including memantine, donepezil,
and atorvastatin, which may present a more attractive
clinical option. In addition to pharmacologic interventions,
there are also interventions involving exercise or motor ther-
apy to attempt to increase endogenous neurotrophin levels.

1.7. Traumatic Brain Injury. Although administration of
neurotrophic factors to treat stroke in a clinical setting has
not been a primary focus of recent literature, there is sub-
stantial interest in understanding the role that endogenous
neurotrophic factors play in recovery following other forms
of injury such as TBI to optimize recovery. TBI occurs fol-
lowing a bump, blow, or jolt to the brain that causes brain
edema and results in neuronal cell death. Treatment options
for TBI are similarly lacking, with typical immediate inter-
ventions including hyperosmolar therapy to relieve intracra-
nial pressure [37, 38] and invasive decompressive surgery
[39]. Although there are a variety of pharmacological inter-
ventions that can be used following TBI depending on the
severity and details of the brain injury, many of these are
used to manage TBI sequelae including seizure, clotting,
depression, and anxiety as opposed to enhancing neuropro-

tection and neural repair mechanisms to address cell death.
Preclinical and clinical TBI studies focused on the patholo-
gies can be further exacerbated by severe secondary damage,
which is driven by an increased inflammatory response as
well as a relatively hypoxic environment [37, 38, 40] and
invasive decompressive surgery [39]. Although there are a
variety of pharmacological interventions that can be used
following TBI depending on the severity and details of the
brain injury, many of these are used to manage TBI sequelae
including seizure, clotting, depression, and anxiety as
opposed to enhancing neuroprotection and neural repair
mechanisms to address cell death (Table 2).

The direct administration of BDNF as a therapeutic
option post-TBI has centered around the role of BDNF in
promoting an anti-inflammatory cytokine milieu. In fact,
BDNF has been implicated in downregulating the inflamma-
tory response in other pathological states besides TBI/stroke.
For example, in female rats inoculated with Streptococcus
pneumoniae meningitis, intracisternal BDNF infusions were
associated with a significant decrease in inflammatory cyto-
kines, including IL-1B, TNF-a, and NF-xB, and moreover,
this response was inhibited when TrkB receptor inhibitor
was coadministered [41]. To specifically investigate the
anti-inflammatory effects of BDNF on a TBI animal model,
Yin et al. attached a collagen-binding domain (CBD) onto
BDNF and delivered this combination intracerebroventricu-
larly, as a mechanism to improve BDNF bioavailability [42].
It was revealed that BDNF-CBD was associated with a
decrease in brain edema, a reduced amount of NF-«xB, and
an increased expression of TrkB post-TBIL Further, these
effects were reversed via the administration of a TrkB recep-
tor antagonist. To address BDNF’s difficulty in crossing the
BBB, Kim et al. injected BDNF-filled nanoparticles via IV
three hours post-TBI injury in mice [35]. This resulted in a
significantly increased level of brain BDNF that correlated
with an improved neurological severity score (NSS) test in
these mice.

Similar to BDNF, NGF has also been studied in the con-
text of taming the post-TBI inflammatory response as well as
its neuroprotective effects. Many TBI research studies focus
on the role NGF plays in synaptic transmission, by promot-
ing a more anti-inflammatory cytokine milieu. In an in vitro
study, NGF attenuated the robust proinflammatory response


https://clinicaltrials.gov/ct2/show/NCT03686163?term=neurotrophic+factors&cond=Stroke&draw=2&rank=1
https://clinicaltrials.gov/show/NCT02144584
https://clinicaltrials.gov/ct2/show/NCT02535611
https://clinicaltrials.gov/show/NCT04134416

11

Neural Plasticity

(yuourniredwr aantuSod
‘swojdwis aarssnouodysod
919A95/91eIPOW ‘AI9A03 [EUOTIOUNJ
pakePp ‘“INAY JO S[oA9] WINIdS
stsouaonau) jurodpuo IoxTEWOIq
‘(uonyeuwrwrepjur) jurodpua 1ayIeMWON
‘(TIN) syutodpuo 1oxreworg

ANAY HASD ‘UOTJBIIUDUOD NEY {SD

SJUIAD 9SIDAPE [enjuajod
ajen[eas “gSOO Y} 4q pamseaw
SOWI02INO [eITUI[D PUE S[IAI]
poolq ViINH ¢-u jo diysuonerax
“INAag Surpnpur s8ewrep
AI0jeUIIRJUIOINSU JO SIOJEITPUL
$9)I[OQEIOW JAT}OLOIq SUIMOT[O]
24} JO S[2A9] POO[q UO SYANH
¢-u jo sasop Jurrea jo drysuoneoy
Aderayy Jo
SYJUOW 9 PUE ¢ I9)Je pUe dUI[aSeq Je
juswssasse O] uatdo[AspoInaN

dNVH ‘VINVH 14 ‘SyW ‘SOD

(vdd Swoo1 ¥

VHA 8w 0g sureyuod) Sur o001 [10
ysy urejuod sa[nsde)) ‘Syuow om}
10J VdA+VHA S 7’1 £q pamoy|oj
Juow U0 10§ VJI+VHA S 9 ‘proe

£yyey payernjesunijod ¢-eowrQ

SyIuow 7|
10§ Aep/3w Of unyeISEAWIS

skep %1 Joy Amfur jo simoy $g
M VANH €-U Lep/3w 000y
T 10 ‘vANH ¢-u Aep/Sur 0001 ‘T

ursA[01ga125 JON

SYoaMm 7 10J
P/311 07 ADN [eseuenu]

[4.LW 10 g, JO 2ouapIag

(satsnpour 9¢
pue g1 usamiaq ([INg) Xapu]
SSB]N] Apog ‘s914[01109]9)
sanTeurIouqe A10)e10qe]
JuedoyTugdis A[[eotur oN "Apueoax
pue 1ea4 snoradxd ayy Jurmp
SUTIB)S JO 3Sh ON] 'S[oAJ] [019)S[OD
PajeAdy "(Surresy pue ‘UOTSIA
sqeys 98enSuey ysiduy 2jenbope
‘ornsodxa eumnen jse[q 1se|
90UIS SYIUOW 9 UBY) IO "BLIAILID
(JNYDV) 2UIDIPa]N Uone[Iqeyay
Jo ssa13uo)) uedLIOWY 0}
Surp1odoe g Ul "$9010J PaulIe "S')
o) yim ueystueySyy Jo pue beiy ur
Anp snopiezey pajuswnoop 93y

S1-€ SOD TAL-MOVYL Jo
[020301d Ig,1-DYVd Ul PI[[OIU0D
qUasu0d paurrojut ‘unyeads
ystdug queudaid jou ‘mofrems

0} AN[Iqe gL, payLIaA 98y

Jnsur ureiq
[ereurtad 919A3s ‘UOTIEPIL)SI
[eyuowr yam Asped [e1qaIa)

I4.L 91949 0} djeIopowr AJy

§9-81

1<

§6-81

SIK gT-sypuow ¢

§9-81

e ‘sL 120z-£107  Apmis jopid I9.L-VINLLAO

e ‘9 L10T-€102 I, W I0] UI}eISEAUIIS

SaInsesaw awWodInQ

P2I9ISTUTWIPE JUSTIBAL],

BLISJLID UOISN[OU]

(s1ea4) 23y

14.L jo
ITe ‘s¥ €20T-L10C sIjleworq se ViNH
¢-e30wWo JO SIATIRALId
Asted Te1qeIeo pue IqT,
e 00T 910T-¥10¢ YIm uaIpyd ut Adersy
aredar [emoau urs£[01qa1a)
1B 901 L10T-010T I€.L. 10§ 10158J (1M013 9AIIN
Juswyean) paraysiurupe A[snousoxyg
Xos pue

Apnys

syuedonred 10 91°Q1 Apmig

Jo JaquunN

Td.I, uewunyg ur sainseawr awodno uo wEMSQO.EO.HSDE Jjo HUNQEH ‘¢ 2414v],



Neural Plasticity

12

suoryeIn3/ gV
Jjo uoneoynuenb YA ‘uorssaxdop
ur oueyd ‘saydepeay 0} paje[or
uorpouny ur a3ueyp ‘AJaIxue
ur oSuey)) -ondney ur sfueyd
“1.L, ur aueyd opyoxd sunyoifo ur
aSueyd sINQag ur 23ueyp ‘ssourdaays
swmAep ur agueypd ‘vonemp doays ur
aduep ‘voping woydw4s ur sfueyD
uonjuajje-£1a)jeg
uonudo) xo0qoo3 HIN ‘Arowaw
Sunprom-£19y3eg uontudo) xoqoo,
HIN “ireuuonsand) swoyduisg
UOISSNOUOY) 1S0J PLIWIIARY Y],
Asdaqids onewmensod ur
aBueyd ‘STNOYUJ W a8ueyd DSIY
ur aueyd g-5OO ut safueyd “TINS
pue ‘neLs ‘go01s ‘dviao “INAd
IMA UonOUNJSAp gqyq SINTRWOIq
umies ur agueyd ‘uonounysAp
ggd yim swnjoa ureiq ur aduey)

S[9A3] ADTA PU® ANA4 JO
JUDWISSasse 10J sMeIp poolq ‘II-1dd
xapu] gD 3597, J0[0D) piopy doons

LVMOD ‘LSOM
II-SIVM 213 Jo sisaiqns ueds
u31p /g pue v LINL U-L1AH

ANAQ :2suodsax
Jo 103eIpow & ur afueyd
fy1am09uu0d Teuoriouny ur dfueyd
paonpur-jusujear) 9103 qS.Ld

:asuodsal Jo s103eIPpOW A[eds TOO

ur a8ueyd ‘UOTOUNJ SATINDIXD UO

juowaroxdwr paureysns °f 3red JIAL

(swoydwis jo uoryejuasad
2)NdE 0) aNP UOTjRINP/AYISUIUT
Am(urexd je aspioxs 03 Lypiqeurn)
9OUBII[OJUT ISIDIIXD OSBISIP
Areuowrmndorpies 10§ SLI MO]
“fyanoe TeorsAyd 1oy parespd ‘Iq.Lw

Yoom 12d shep 9-g
‘uoneqrooexd wojdwLs mun
10 Lep 1ad saynurur (o7 9SIOIOXd
(ddV) [020101J 3STOIIXY J1qOIY

weidoxd (1) Sururen
2AnTUZ00 dInUIW-()7 & £q PIMOT[O]
3SIDI9X? JIQOIIE JO SAINUIU ()¢

suoydyrews 0} ssaooe ‘swojdws
Juaysiszad “osiaxd 03 AJIqe g ],

I4.L Jo 2ouapiad 3y

SY9aM 9T-8 10 Yoom © skep ¢
[[TWPeaI) B UO 9SDIIXS JIOIIE JO
SIINUIW ()G ‘9SIDISXD [RIOIABYIY

Supyeads ystSuy “Ayrqowr o1seq
QIO 1O SYJUOT 9 UTYIIM [ ],

jueudaid jou ‘syusunurodde
pudze 03 LJI[Iqe JUIWUOIIAUD
9[qeIS “PIOYSAIY} JOJOW
urejqo ‘g1, Jo £103s1y ‘ueraloa o3y

SIALLI JO SUOISSIs (7 ‘SIALLI 2ATDY

ISIDIXD YIIM
swojdwids uorssnouodisod
juaysiszad Gumyeary,

120¢T-610¢

£3orowroydwLs
aArssnouodysod uo
s309p0 Sururer) aanudoo
PUE 3SIDIAXd JIqOIAY

6102-810¢

14 Ul Judw)ean)

10§ s3o81e) pue sijreworq
[oAou se uondunysAp gqq
pue Am(ur 1enoseAoIIN

020¢-£10¢

14,1 Summoyjoy an3yey
pue ‘poowr ‘uonIudod Uo
9SIDIIXD JIQOIIE JO 13T

1202-L00¢

Ayanoe [eorsdyg

Ig.L, U uonduny

6102102 aanrudod aaoxdwr 03 QAT

UOT)B[NWILS UTexg

SaInsesaw awWodInQ

P2I9ISTUTWPE JUSTIBIL], BLID)LID UOISNOU]

S9-81 IIe ‘8S
81< e ¢
G8-81 e ‘0TI
81< e ‘¥S1
§9-0C I ‘c€
Xos pue
(s1ea4) a3y syuedonred
JO JoquInN

Apnys

Jo sareq %ﬂuSHw

‘ponunuo)) 7 414V ],



13

"(surrasoydsoyd) §q-% 2d4) 103deoax sunjowrayd H-X-D FIDXD-S01AD ‘6 2sepndadorerour xrewr
16-dININ “Aderay ], jurensuo)) paonpuy 1D Sud] axowope) ], ‘syutodpus toxreworq Asdoqide speuwmerysod ur sSueyd rTIN ‘WRISAS UOHRULIOJU] JUSUIDINSEIJA Saw0dnNQ payioday-jusned ur aduey)
SINOYd ireuuonsond) woydwig uorssnouosisod pesursdary ur afuey) DSIY (TINS pue nels ‘Jo01s ‘dviD <IN AMA) uonounysip IaLueq ureiq-poolq :gqg pIpudlxg-o[edss awodmn) mogsen
HSOD UONIPH P, ‘S[eds IolAeyag oAndepy PUB[DUIA :¢-PUBUIA ‘UOISIOA [00UISAIJ ‘UONOUN] dAINIIXY Jo Arojusau] Suney Iomeyaq :J-JNYd ‘UONIPY PUOIS ‘UONOUN dATINIIXY JO AIOJUdAUT
Suney Iomeyeq 7z-I40Yg A1oneg uonruSoD xoqool, HIN ‘gD-4LHIN @[ jo Aenb 100 9usnonb sdusdieiur juswdopasporau D] ©9[edg uorssardoq uojjiwel QNVH ©9[edS APIXUy UO)[Iuer]
[YINVH 100§ dwodnQ M0dseD) :SOD I-A10juaau] uorssarda ooq :I[-IAg Xopu] andne] [eqo[) 331, 10[0D) pIopy dooxng D) 93], UOBDOSSY PIOA [BIQ PA[[0IIU0D) LY MOD 1593 110S PIed UISUOISIA\
:LSOM SIII-SIVM 2y} Jo sysaiqns ueds )Sip «q pue y $)so], SUD[RIN [Te1], :LIALL ‘Posiady-1so], Surured] [eqioA sunydoq ~J-ITAH ©9[e2S 230NS [I[edH JO saymnsu] [euoneN :SSHIN 9891, Sod [0H-2uIN
{LJHN ¢tV asedioydsoyd pajemosse-urajordodiy :zy1d-d7 pmy reurdsorqarad 1150 Xopu] [oyiIeg PIYIPOIA W g 10108) YimoId I[-UInsul ;7D 10308} o1ydorjoimnau paALdp-[d [erS HINJD iiqerrep
aey MEIH AYH 959 09 pue dn pawr], :onJ, ©eds A11043g andney :§Sq 9redss Arwenxy 1oddn-juswssassy 1oAA-[N YT, (YN 9591, WY [DILdsRY UONOY [VYV OUI[eA [eA OUIUOIYIAW © AN
swstydrowd[od apnospnu o[8urs :gN§ IOUN0D) YOIeIsY [EIPIAN :DYIA 2[0S souepeq S1og gy ©edS [eiu] [eI [euonduny :S[0d Aypeded jueprxonue (€0} Q)Y ], SUOHRUILIEXD SNJE)S [BJUSWIUIW ‘JSIAIA
£100s Juduodwod [ejuaw GOIA 1005 Juduodwod [esrsyd gD Qumoa poolq [euoidar Jo sadUIPIP ([qQHL]V ‘Uoneusd xosp anssy ureliq oy} Jo sadUIPIP ([qHH]V UIqO[SOWIYAX0 anssn ureiq ay} jo
SOUAIPIP :[qH O]V ‘oner (D A/uonemuaa :ODA-2A @dofs Aouamige aeydn uadixo :gqnO ‘wondumsuoo uadixo asmioxs yead nead?oA Indino oerpaes yead :0p pung yong yonQq :daq ‘Adonosrue
[euoOnORYy 1y ¢ I030e] YIMOIS NI[-UINSUI :[-IO] 10308} [IM0I3 [eIPYIopud IemoseA :JOTA [-10oej d[qonpul-erxodAy :1H ‘wmsofes sndiod D) x91100 1ojowrdrd [enuas ANJTIA 9oes) [eurdsooniod
118D VT 10)0€J PIALIIP-[[20 [BWOMS 0T JJS 1030ef o1qydomoInau paALIap-urelq RN SUONe[NWIS JNoUdew [erueIdsuer) :SIALL, [edS $SaI1)S PAAIId] :0T-SSd XOPUT [PUIEY [ I00S UDUBY PIYIPOwW Gyl

(Amfunsod syjuowr zT ‘9)
(€-pue[puIA) UONIPY P,
‘so[eog 1o1aeyeq 2andepy
pue[uIA pue @ireuuonsanb
SaNMOIPIp pue syISuaIls
‘d-JATdd 10 7-J4dd ‘9D-ILHIN
Asdaqids onewmensod ur
aBueyd ‘STNOYJ W a8ueyd DSIY
ur aueyd g-5OO ut safueyd “TINS
pue ‘neLs ‘goo1s ‘dviao “UNAd
SIMA uondUNIsAp gqyq SINIRWoIq
wmnes ur agueyd ‘uonounysAp
qgd yim swnjoa ureiq ur aSuey)

21008 sNJe)s
souewIoyrad Aysjourey ‘OO

ANAd Jo
stsA[eue orwoajoxd pue onouadids

10J A]oIn0e J[qE[IRAR USUYM
dSD pue syutod awm [[e Je pajoaf[od
are sajduresorq ealfes pue poojg

NV 00:9 e SUnNOI [edIUI
a1} Jo 1red se A[rep pajoafod
arom sopdures (Tury) suLm pue
(T ) pmyy eurdsoxqared (i)

poo[q ‘s303[qns e ur ‘sajdures surm

pue ‘pmyj [eurdsoiqaiad ‘poorg

Am(ur orpadoyyio g,

I4.1 Jo 2ouapiad 93y

JUISUOD PIULIOJUT
‘syuanjed a1ed JAISUIIUL
‘syuorjed Jowmn) [EIUBIOBIIUI
syuanyed 1q ], ‘SroquimN usSueprg
Jo Ayszoatun ‘Ar98imsoinaN
o yusunreda(y ay) jo syusney

8I-¢

68-81

A19A0031 [T,

saInseawr awWodIn)

PaIRISTUTIIP® JUSUIBAL],

BLIOILID UOISNOU]

(s1ea4) 93y

I® “00¢ €coc-L10c uo s3092 onauadidg
1.1, Uur yusunjean
. i 10§ s3o81e) pue sijreworq
[re ozt 0c0z-L10C [eaou se uonounysAp ggq
pue Lmfur renoses0IN
Id.L moyum
009  6102-L00T pue yim syuaned
318D JAISUIUL UT OOTS
sisreue ojdwres/umiag
Xos pue
syuedonred Apmas Apmig
Jo saje(g
JO IaquINN

Neural Plasticity

"panunuo) 7 AI4V],



14

to LPS-induced monocytes significantly decreasing NF-«B,
IL-1b, and IL-6 mRNA levels [43]. In a similar study, Chiar-
etti et al. targeted cerebrospinal fluid (CSF) from children
immediately following severe TBI and 48 hours after injury
[44]. It was discovered that NGF concentrations in cerebro-
spinal fluid are a biological marker of brain damage follow-
ing TBIs. The upregulation of NGF within the first 48 hours
of injury, when paired with lower IL-1b expression, presents
a favorable neurological outcome [44]. These papers illus-
trate the role NGF has in decreasing inflammation after
TBI. Furthermore, these preclinical studies create a founda-
tion for the creation and improvement of clinical trial drug
therapies for TBI patients. In 2017, this same research group
delivered NGF intranasally to children with severe TBI and
found that there was significant cognitive improvement,
cerebral perfusion, and brain glucose metabolism associated
with the therapy [44].

2. Conclusion

Determining the role of BDNF and NGF in stroke and TBI is
complex and often contradictory. While animal and in vitro
studies demonstrate the potential of these two neurotro-
phins to improve recovery, the lack of clinical research and
the lack of consensus among clinical research outcomes
emphasize the gap in the translation of BDNF and NGF
research from bench to clinic. From these studies, it is clear
that neurotrophins, specifically BDNF and NGF, adminis-
tered directly and indirectly have a growing role in increas-
ing neurogenesis and functional recovery after stroke and
TBI and that BDNF and NGF have a synergistic role in
motor learning and cognitive recovery. Bearing these partial
successes in mind, the lack of clinical research due to the
ineffectiveness of treatment options serves as an impetus
for the necessity of further investigation not only to identify
but also to resolve the roadblocks of the translation of this
research.
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