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ARTICLE INFO ABSTRACT

Articl_e history: Neurodegenerative disorders are prevalent, complex and devastating conditions, with very limited treatment op-
Received 23 December 2015 tions currently available. While they manifest in many forms, there are commonalities that link them together. In
Revised 10 August 2016 this review, we will focus on neurotrophins - a family of related factors involved in neuronal development and
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Available online 18 August 2016 maintenance. Neurodegenerative diseases often present with a neurotrophin imbalance, in which there may

be decreases in trophic signaling through Trk receptors for example, and/or increases in pro-apoptotic activity
through p75. Clinical trials with neurotrophins have continuously failed due to their poor pharmacological prop-

gfrmogéiecu]e erties as well as the unavoidable activation of p75. Thus, there is a need for drugs without such setbacks. Small
Mimetic molecule neurotrophin mimetics are favorable options since they can selectively activate Trks or inactivate
Neurotrophin p75. In this review, we will initially present a brief outline of how these molecules are synthesized and their
Receptor mechanisms of action; followed by an update in the current state of neurotrophins and small molecules in
Neurodegeneration major neurodegenerative diseases. Although there has been significant progress in the development of potential
Therapy therapeutics, more studies are needed to establish clear mechanisms of action and target specificity in order to

transition from animal models to the assessment of safety and use in humans.
© 2016 Published by Elsevier Inc.

Contents

1. Introduction . . . . . . . L Lo e e e e e e e e e e e 140
The neurotrophin family . . . . . . . . . L e e e e e e e e e 140

3. Neurotrophin mimetic development strategies . . . . . . . . . . . . . . . e e e e e e e e e e e e e e e e e e e e 141
3.1, Structural MIMICTY . . . . . o o o o e e e e e e e e e e e e e e e e e e e e e e e e e 141

32, Functional mMimiCry. . . . . . . . . . e e e e e e e e e e e e e e e e e e e 142

33. Modulation of downstream pathways . . . . . . . . . . L . e e e e e e e e e e e e e e e e e e e 142

34. Increase of endogenous neurotrophinlevels . . . . . . . . . L L L L L L L e e e e 142

35, Transactivation . . . . . . . L L L L e e e e e e e e e e e e e e e e e e 142

4. NTFsand their mimetics indisease . . . . . . . . . . . . . e e e e e e e e e e e 143
4.1.  Alzheimer'sdisease . . . . . . . . L L L e e e e e e e e 143
410, TrRA . . L e e 143

412, TrkB . . L e e 144

4130 P75, L e e 145

414. Combined neurotrophin reCEPLOTS. . . . . . . . . o o o i i i e e e e e e e e e e e e e e e e e e e 145

42,  Parkinson's diSease. . . . . . . .. .. L e e e e e e e e e e e 145
421, TrKB . . . e e e e e e 145

422. (Clinical trials with the GDNF family . . . . . . . . . . . . e e e e e e e e e e 145

43.  Huntington'sdiSease . . . . . . . . . . . e e e e e e e e e e e e e e e e e 145

* Corresponding author at: Lady Davis Institute, Jewish General Hospital, 3755 Cote St. Catherine. E-535, Montreal, Quebec H3T 1E2, Canada.
E-mail address: uri.saragovi@mcgill.ca (H.U. Saragovi).

! Both authors contributed equally to the review.
Available online on ScienceDirect (www.sciencedirect.com).

http://dx.doi.org/10.1016/j.nbd.2016.08.004
0969-9961/© 2016 Published by Elsevier Inc.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.nbd.2016.08.004&domain=pdf
http://dx.doi.org/10.1016/j.nbd.2016.08.004
mailto:uri.saragovi@mcgill.ca
http://dx.doi.org/10.1016/j.nbd.2016.08.004
http://www.sciencedirect.com/science/journal/09699961
www.elsevier.com/locate/ynbdi

140 S. Josephy-Hernandez et al. / Neurobiology of Disease 97 (2017) 139-155

431. TrkBandp75 . . . . . . . . . ... ...
44.  Amyotrophic lateral sclerosis . . . . . . . .. ... ... ..
441. TrkB ... oo
442. Indirect neurotrophin activity . . . . . . . . . . . ..
443. Controversies . . . . . . . . oo u e e e
45. Retinitis pigmentosa . . . . . . . . . .. ...
451, CNTFRot. . . . . . . o o o b s s
452, Ret . . . . . . .

46. Glaucoma . . . . . . ... e

46.1. TrkAandp75 . . . . . . . ..o
462. TIkB . . .. oo
463. Ret. . . . . . . . e
47. Dryeye . . . . ... e e e e e e e e e e e
471, TrkA . ..o oo
48. Diabeticretinopathy . . . . . . .. ... .. .. ... ...
481. TrkAandp75 . . . . . . . . . ..o
482. TrkB . . . ..o

5. Conclusion . . . . . . . . . ... e
6.  References for molecular structures. . . . . . . . . ... ... ...
References. . . . . . . . . . . ...

1. Introduction

No neurodegenerative disease has an effective treatment or cure.
These diseases manifest as a variety of phenotypes, but they all share
at least the common feature of dysregulation of neurotrophins and
their receptors Trk and p75 (Appel, 1981, Kruttgen et al., 2003). This
commonality has been documented in animal models and in humans
for neurological diseases including Alzheimer's disease (AD)
(Schindowski et al., 2008, Cuello et al., 2010), age-associated cognitive
impairment (Mufson et al., 2000, Saragovi, 2005), Down's syndrome
(Sendera et al., 2000, Dorsey et al., 2006), Parkinson's disease (PD)
(Rangasamy et al., 2010), Huntington's disease (HD) (Alberch et al.,
2004), amyotrophic lateral sclerosis (ALS) (Ekestern, 2004); for retinop-
athies like retinitis pigmentosa (RP) (Thanos and Emerich, 2005), glau-
coma (Rudzinski et al., 2004, Nafissi and Foldvari, 2016), diabetic
retinopathy (DR) (Bikbova et al., 2014), and for a corneal disease
named dry eye (Rolando and Zierhut, 2001).

Trk-signals are normally required for neuronal maintenance and
function, and defects in Trk-receptor tyrosine kinase activation (e.g. re-
duced receptor expression, impaired cellular transport, agonist defi-
ciency) are associated with early stages of neurodegeneration. This
supports the view that Trk-agonism may be therapeutic. This notion is
however complicated by the fact that in some neurodegenerative pa-
thologies (e.g. glaucoma, Down's syndrome, ALS) the Trk-receptor
mRNA can be processed to a truncated isoform lacking the kinase do-
main (Dorsey et al.,, 2006, Bai et al., 2010b, Yanpallewar et al., 2012).

The p75 receptors are implicated in normal developmental pruning
and neuronal death. When upregulated and activated in certain tissues,
they can cause neurotoxicity associated with neurodegenerative dis-
eases. This supports the view that p75-antagonism may be therapeutic
(Saragovi and Gehring, 2000, Saragovi et al., 2009).

While the rationale for targeting Trk and p75 is robust, clinical vali-
dation is mostly absent because it requires the use of disease-modifying
drugs acting through these receptors. Regrettably, the use of the
neurotrophins themselves as drugs has mostly failed in spite of signifi-
cant efforts and growingly sophisticated -yet risky- delivery methods
(Weissmiller and Wu, 2012). The poor pharmacological profile of
these large proteins, short half-lives, inability to penetrate tissue bar-
riers, undesirable high potency and pleiotropic effects, and the activa-
tion of multiple receptors (where p75 activity can negate the benefit
of Trk activity) can reduce a therapeutic benefit (Peleshok and
Saragovi, 2006).

These difficulties and failures led to the general view that targeting
neurotrophin receptors may be generally ineffective or unsafe, with a

bad risk/benefit ratio. As an alternative, the therapeutic use of small
molecules and of (ant)agonistic anti-receptor antibodies has been pro-
posed and was expected to be devoid of the aforementioned drawbacks
(Peleshok and Saragovi, 2006). Here, we will discuss the development
of agents that can modulate partial or biased signals, selectively through
either Trk or p75 receptors, and that have desirable pharmacokinetics
and pharmacodynamic properties. Clinical evaluation of these agents
has just begun, and appears promising.

2. The neurotrophin family

The neurotrophin (NTF) family of proteins forms a class of function-
ally and structurally related proteins that regulate growth, differentia-
tion and survival of central and peripheral neurons (Reichardt, 2006,
Skaper, 2008). NTFs include Nerve Growth Factor (NGF), brain-derived
neurotrophic factor (BDNF), neurotrophin 4/5 (NT-4/5) and
neurotrophin-3 (NT-3). All of these proteins are initially produced as a
precursor pro-NTF, and are thereafter processed into the mature NTF.
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Fig. 1. Disease mechanisms and potential therapeutics. The neurotrophin imbalance
underlying neurodegenerative diseases can be a disease-modifying therapeutic target.
The pathogenic mechanisms of increased p75 expression and/or signaling can be
counteracted by p75 antagonism. A decrease in Trk expression and/or signaling can be
therapeutically corrected by Trk agonism. Trk agonism may also counteract the action of
p75.
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