NEUROTROPHIC
FACTORS



HISTORY AND HYPOTHESIS

e [N 1986 LEVI—MONTALCINI AND COHEN SPLIT THE NOBEL PRIZE FOR PHYSIOLOGY OR
MEDICINE FOR THEIR DISCOVERY OF GROWTH FACTORS

* DURING DEVELOPMENT, NEURONS APPROACHING THE SAME FINAL TARGET VIE FOR LIMITED
AMOUNTS OF TARGET—DERIVED NEUROTROPHIC FACTORS. THE NERVOUS SYSTEM MOULDS ITSELF
TO MAINTAIN ONLY THE MOST COMPETITIVE AND APPROPRIATE CONNECTIONS AND  ‘TARGETS OF
INNERVATION SECRETE LIMITING AMOUNTS OF SURVIVAL FACTORS TO GENERATE A
BALANCE BETWEEN THE SIZE OF THE TARGET ORGAN AND THE NUMBER OF INNERVATING

NEURONS’

[ THIS HYPOTHESIS IS MAINLY CONCERNED WITH PERIPHERAL NEURONS AND PERIPHERAL TARGET
7ISSUES. |




INTRODUCTION

e NEUROTROPHINS ARE A UNIQUE FAMILY OF POLYPEPTIDE GROWTH FACTORS.
THEY INFLUENCE :-—

e PROLIFERATION
 DIFFERENTIATION
 SURVIVAL

e DEATH [NEURONAL AND NON—NEURONAL CELLS]



INTRODUCT ION

e THESE PROTEINS EMERGED INITIALLY IN VERTEBRATE SPECIES AND DO NOT
EXIST IN INVERTEBRATES.

 ACT TO MEDIATE ADDITIONAL HIGHER—ORDER ACTIVITIES, SUCH AS LEARNING,
MEMORY, AND BEHAVIOR.

 REGULATE SYNAPTIC CONNECTIONS AND SYNAPSE STRUCTURE,
NEUROTRANSMITTER RELEASE AND POTENTIATION, AND PAIN AND SYNAPTIC
PLASTICITY



THE NEUROTROPHIN FAMILY

e SYNTHESIZED AS PRECURSORS OR PRONEUROTROPHINS THAT ARE CLEAVED TO RELEASE
THE MATURE, ACTIVE PROTEINS

* THE NEUROTROPHINS FAMILY COMPRISED OF :—
1. NGF
2. BDNF
3. NT-3
4. NT-4

e THESE PROTEINS, APPROXIMATELY 12 TO 14 KDA IN SIZE, FORM STABLE,
NONCOVALENT DIMERS AND ARE NORMALLY EXPRESSED AT VERY LOW LEVELS DURING
DEVELOPMENT



THE NEUROTROPHIN FAMILY

¢ NGF

e IN THE PERIPHERAL NERVOUS SYSTEM (PNS), IT ACTS ON SYMPATHETIC NEURONS
AS WELL AS SENSORY NEURONS INVOLVED IN NOCIOCEPTION AND TEMPERATURE
SENSATION.

e IN THE CENTRAL NERVOUS SYSTEM (CNS), NGF PROMOTES THE SURVIVAL AND
FUNCTTONING OF CHOLINERGIC NEURONS IN THE BASAL FOREBRAIN.

e BDNF AND NT—3 ARE HIGHLY EXPRESSED IN THE CNS

 IN CORTICAL AND HIPPOCAMPAL STRUCTURES THEY ARE LINKED TO THE SURVIVAL
AND FUNCTIONING OF MULTIPLE NEURONAL POPULATIONS



MECHANISM OF ACTION

PRONEUROTROPHINS ARE CLEAVED INTRACELLULARLY BY FURIN OR PROCONVERTASES

THE MATURE PROTEINS MEDIATE NEUROTROPHIN ACTIONS BY SELECTIVELY BINDING TO
MEMBERS OF THE TROPOMYOSIN—RELATED KINASE CTRK) FAMILY OF RECEPTOR TYROSINE
KINASES .

ALL MATURE NEUROTROPHINS INTERACT WITH P7HNR  WHICH CAN MODULATE THE
AFFINITY OF TRK NEUROTROPHIN ASSOCTIATIONS.



NEUROTROPHIN RECEPTORS

NEUROTROHINS EXERT THEIR CELLULAR EFFECTS THROUGH 2 RECEPTORS

1. THE TRK RECEPTOR TYROSINE KINASE - IT IS A MEMBER OF THE TUMOR
NECROSTS FACTOR RECEPTOR SUPERFAMILY

2. THE P75 NEUROTROPHIN RECEPTOR (P7HNTR)



Trk RECEPTOR

p7oNR  RECEPTOR

Extracellular ligand-binding region

Extracellular ligand-binding region

A single transmembrane domain

A single transmembrane domain

Intracellular tyrosine kinase domain.

Intracellular portion containing a
protein—association region termed the
death domain

3 vertebrate trk receptor
genes, trkA, trkB, and trkC

ALL NEUROTROPHINS bind to the P75
receptor




TRK
RECEPTOR

BDNF NT-4/5 NT-3

TrkA receptor TrkB receptor TrkC receptor

p75NTR: purified and cloned 1st, homology 0 TNFR ¢ ser siraer sssciates, e

Trk: tropomyosin-related kinase, originally known as orphan receptors

1. NEUROTROPHINS BIND AS DIMERS TO TRK
FAMILY MEMBERS LEADING TO RECEPTOR
DIMERIZATION AND ACTIVATION OF THE
CATALYTIC TYROSINE PROTEIN KINASE DOMAINS

2. THE DIMERIZED TRK RECEPTORS
AUTOPHOSPHORYLATE  SEVERAL INTRACELLULAR
TYROSINE RESIDUES

3. THESE RESIDUES RAPIDLY INITIATE
INTRACELLULAR STGNALING CASCADES

| ACCOMPLISHED BY PHOSPHORYLATED TYROSINES ON
RECEPTOR ACTING AS RECOGNITION SITES]



NEUROPHIN RECEPTORS

TRK RECEPTORS MEDIATE DIFFERENTIATION AND SURVIVAL SIGNALING THROUGH
e INCREASED MITOGEN—ACTIVATED PROTEIN KINASE (MAPK) ACTIVITY

e INCREASE IN PHOSPHATIDYLINOSTITOL—3—KINASE (PI3-K)
 ProspHoL1PASE C—1 (PLC-1)

 TRK RECEPTORS CONTAIN IGG DOMAINS FOR LIGAND BINDING AND A CATALYTIC
TYROSINE KINASE SEQUENCE IN THE INTRACELLULAR DOMAIN.



NEUROTROPHIN RECEPTORS

P7HNIR MEDTATES APOPTOTIC AND CELL MIGRATION RESPONSES THROUGH
e NUCLEAR FACTOR KB (NF—KB)
e C—JuN N-TERMINAL KINASE (JNK) PATHWAYS.

e PYHNTR CONTAINS FOUR CYSTEINE—RICH REPEATS: THE INTRACELLULAR DOMAIN
CONTAINS A DEATH DOMAIN



MRS BARENIY WA e TRK AND P7HNIR RECEPTORS HAVE BEEN
N/ N # REFERRED TO AS HIGH— AND LOW-
TrkA TrkB AFFINITY RECEPTORS, RESPECTIVELY.

e P7/H AND TRK RECEPTORS DO NOT BIND
TO EACH OTHER DIRECTLY, THERE IS

\ l i / EVIDENCE THAT COMPLEXES FORM BETWEEN
p75 THE TWO RECEPTORS

BDNF NGF NT-3 NT-4

e NEUROTROPHINS BIND SELECTIVELY TO
SPECTFTIC TROPOMYOSIN—RELATED KINASE
: v (TRK) RECEPTORS, AND THIS
Tikh £ pib Looigo i SPECIFICITY CAN BE ALTERED BY P7HNIR




TABLE 21.1 The Neurotrophin Family and Its Receptors

Receptor

Full-length kinase-
Factor containing isoforms’ Nonkinase forms' Example of responsive neurons

il

NGF  trkA p7¥ Cholinergic forebrain neurons
(tricAg) sympathetic ganglia
DRG nociceptive
BDONF ukB p7 e Many CNS populations
Vestibular ganglia
Nodose g._:,;r-;:glm
DRG mechanoreceptors
trkC - g Many CNS populstions
|1 7 < BT s Choclear ganglia
(brkCoy iz TrkCoe,m) ™ DRG proprioceptive
trkB and trkA nonpreferred :

trkB i Many CNS populations
: Nodose ganglia
Petrosal ganglia

{1 Lumnd onl® n hsh)




NEUROTROPHIC FACTORS AND
DEVELOPMENT

e DURING DEVELOPMENT, NEURONS RELEASE NEUROTROPHINS :—
e AUTOCRINE TRANSMISSION

e ANTEROGRADELY TRANSPORTED DOWN AXONS AND ACT ON NEIGHBORING
NEURONS

e GLIAL CELLS CAN RELEASE NEUROTROPHINS THAT ACT UPON NEURONS IN A

PARACRINE FASHTON.



NEUROTROPHIC FACTORS AND
DEVELOPMENT

e [N PERIPHERY, NEUROTROPHIN RETROGRADE STGNALING OCCURS THROUGH A
PATHWAY THAT MUST EFFICIENTLY TRANSMIT INFORMATION OVER LONG

DISTANCES, AT TIMES OVER A METER.

* |NCREASES IN P7HNR EXPRESSION ARE RESPONSIBLE FOR APOPTOSIS IN
EMBRYONIC RETINAS AND SYMPATHETIC NEURONS DURING THE PERIOD OF
NATURALLY OCCURRING NEURONAL DEATH.



RETROGRADE
TRANSPORT

FACH NEUROTROPHIN BINDS TO
TRANSMEMBRANE RECEPTORS AND
UNDERGOES INTERNALIZATION
AND TRANSPORT FROM AXON
TERMINALS TO NEURONAL CELL
BODIES

A RATE OF TRANSPORT FROM
DISTAL TO BODY CELL IS 3
To 10 MM PER HOUR.

INTERNALTZATION OF NGF
FROM AXON TERMINALS TS
NECESSARY FOR
PHOSPHORYLATION AND
ACTIVATION OF THE CREB
TRANSCRIPTION FACTOR

Cell body

Survival
<> Neurotrophin g Axon-specific
H Tec diita signalling Comp.)c.)nents
@ Cell body-specific
% Retrograde signalling components
vesicle Actin

\
o Tubulin

Terminal




NEUROTROPHINS AND BEHAVIOR

A RECENT SERIES OF STUDIES ON GENETICALLY MODIFIED MICE WITH REDUCED
LEVELS OF BDNF HAVE INDICATED STRIKING EFFECTS UPON ADULT BRAIN
FUNCTION AND BEHAVIOR.

REDUCED LEVELS OF BDNE ARE ASSOCIATED WITH :—
e ENHANCED AGGRESSIVENESS
e HYPERACTIVITY

e HYPERPHAGIA

LLACK OF BDNF ALSO CREATED DEFECTS IN MEMORY TASKS, CONSISTENT WITH
DEFECTS IN LTP FOUND IN THE HIPPOCAMPUS



OTHER NEUROTROPHIC FACTORS

GLIAL—DERIVED NEUROTROPHIC FACTOR [ GDNF]

e 18-KDA PROTEIN, ORIGINALLY ISOLATED FROM AN ASTROCYTE CELL LINE

ACTS — VIA LIGAND — RECEPTOR COMPLEX WHICH ASSOCIATES WITH RET
(A RECEPTOR TYROSINE KINASE)

MUTATIONS IN THE RET RECEPTOR AND GFRA 1 HAVE BEEN ASSOCIATED WITH
HIRSCHPRUNG S DISEASE



OTHER NEUROTROPHIC FACTORS

CILIARY NEURTOTROPHIC FACTOR

e CNTF HAS BEEN INVESTIGATED AS A THERAPEUTIC AGENT FOR MOTOR NEURON
DISEASES SUCH AS AMYOTROPHIC LATERAL SCLEROSIS (ALS)

e ACTS - VIA LIGAND — RECEPTOR COMPLEX WHICH ASSOCIATES WITH TYROSINE
KINASE, THE JANUS KINASE (JAK)



SYNAPTIC PLASTICITY

e RECENT STUDIES HAVE ESTABLISHED THAT NEUROTROPHIC FACTORS PLAY
SIGNIFICANT ROLES IN INFLUENCING SYNAPTIC PLASTICITY IN THE ADULT BRAIN

* MANY NEURONAL POPULATIONS ARE NOT ONLY DEPENDENT UPON THESE
NEUROTROPHINS FOR THEIR SURVIVAL BUT ALSO FOR MODULATING NEURONAL
ACTIVITY.

* DEVELOPMENTAL REGULATION OF SYNAPTIC PLASTICITY IN THE VISUAL SYSTEM CAN
BE ILLUSTRATED BY THE FORMATION OF OCULAR DOMINANCE COLUMNS IN LAVER 4
OF THE CORTEX, WHICH CAN BE STRONGLY INFLUENCED BY EXOGENOUS
NEUROTROPHINS SUCH AS BDNF



SYNAPTIC PLASTICITY

THE EFFECTS UPON THE VISUAL SYSTEM CAN BE OBSERVED USING BLOCKING ANTIBODIES
FOR THE NEUROTROPHINS AS WELL AS NEUROTROPHIN ANTAGONISTS

MODULATION OF SYNAPTIC PLASTICITY IN THE DIFFERENTIATED ADULT BRAIN HAS ALSO
BEEN DEMONSTRATED IN THE HIPPOCAMPUS IN A SERIES OF STUDIES

IN ADDITION, HIPPOCAMPAL PREPARATIONS CONTAINING LITTLE OR NO BDNF GAVE
RISE TO THE SAME REDUCTION IN LTP, SUGGESTING THAT THERE WAS A MINIMAL
QUANTITY OF BDNF REQUIRED FOR THE MODULATION OF LTP

SUBSEQUENT ADDITIONS OF EXTRA BDNF TO THESE PREPARATIONS RESTORED LTP.



CLINICAL CORRELATES

e NEUROTROPHIC FACTORS MODULATE CLINICAL
CORRELATES TO NEURODEGENERATIVE DISORDERS AND NEURONAL INJURY SUCH AS :—

e ALZHEIMER S DISEASE
PARKINSON' S DISEASE

HUNTINGTON S DISEASE
ALS
SPINAL CORD INJURY.

 THE ADDITIONAL EFFECTS OF NEUROTROPHIC FACTORS ON SYNAPTIC CONNECTIONS, SYNAPTIC
PLASTICITY, AND NEUROTRANSMISSION LEADS TO PSYCHIATRIC DISORDERS SUCH AS :-—

 DEPRESSION
e SUBSTANCE ABUSE



NEURODEGENERATIVE DISORDERS

. ALZHEIMER' S DISEASE IN THE 1980S BASED ON STUDIES CHOLINERGIC NEURONS IN THE BASAL
FOREBRAIN COULD BE RESCUED WITH INTRACEREBROVENTRICULAR NGF, RESULTING IN CONCOMITANT
IMPROVEMENTS IN MEMORY FUNCTION.

. IMPATRED MOTOR NEURON THE BDNF, NT—-3, NT—-4, AND CNTF COULD RESCUE THOSE NEURONS
IN AN AXOTOMIZED FACTAL NERVE AND SCIATIC NERVE.

. MOTOR NEURON DEGENERATION BDNEF AND CNTF COULD INCREASE THE NUMBER OF MOTOR NEURONS
AND IMPROVE MOTOR PERFORMANCE.

. HUNTINGTON' S DISEASE (HD) IS CAUSED BY A EXPANSION IN THE HUNTINGTON PROTEIN
RESULTING IN ABNORMAL MOTOR MOVEMENTS, PERSONALITY CHANGES, COGNITIVE DECLINE, AND
EARLY DEATH. DECREASED BDNF LEVELS IN THE STRIATUM HAVE BEEN DETECTED.



DEPRESSIVE DISORDERS

FUNDAMENTAL
MRI STUDIES HAVE SHOWN THAT
EXOGENOUSLY ADMINISTERED

BDNEF HAS ALSO BEEN SHOWN TO HAVE TROPHIC EFFECTS ON SEROTONERGIC AND
NORADRENERGIC NEURONS IN VITRO AND IN VIVO



DEPRESSIVE DISORDER

e SEROTONIN AND NOREPINEPHRINE REUPTAKE INHIBITOR ANTIDEPRESSANTS UPREGULATE
CREB AND BDNEF IN A TIME COURSE THAT CORRESPONDS TO THERAPEUTIC ACTION
(10 T0 20 DAYS)

e (CONVERSELY, EXOGENOUSLY ADMINISTERED BDNE IN THE MESOLIMBIC DOPAMINE
SYSTEM APPEARS TO HAVE AN OPPOSITE EFFECT—INCREASING DEPRESSION LIKE
BEHAVIOR. IN ADDITION, REMOVAL OF BDNEF IN THIS DOPAMINE CIRCUIT APPEARS
TO HAVE ANTIDEPRESSANT EFFECTS



GENETICS

e THE POLYMORPHISM OF A SINGLE NUCLEOTIDE POLYMORPHISM (SNP)  LEADS
TO A SINGLE AMINO ACID CHANGE FROM VALINE (VAL) TO METHIONINE (MET)
AT POSITION ©6 IN THE PRO REGION OF THE BDNEF PROTEIN MAY CAUSE
DEPRESSION, BIPOLAR DISORDER, AND SCHIZOPHRENTIA.

e [N PATIENTS WITH BIPOLAR DISORDER, THE VAL ALLELE APPEARS TO
CONFER GREATER RISK FOR THE DISEASE



LIMITATIONS IN THERAPEUTIC
POTENTIAL

e PHYSICAL DELIVERY OF SUFFICIENT QUANTITIES TO TARGET NEURONS IS A MAJOR
OBSTACLE.

e SMALL MOLECULES THAT READILY CROSS THE BLOOD — BRAIN BARRIER TO ACTIVATE
NEUROTROPHIN RECEPTORS OR POTENTIATE THE ACTIONS OF NEUROTROPHINS IS AN
APPROACH THAT IS IN ITS INFANCY.

e NEUROTROPHINS HAVE MULTIPLE EFFECTS ON NEURONAL ACTIVITY MAY CAUSE
“FLOODING” oOF THE CNS WITH NEUROTROPHIC FACTORS WILL LIKELY LEAD
EPTLEPTIC ACTIVITY



SUMMARY

NEUROTROPHINS ARE POLYPEPTIDE GROWTH FACTORS NECESSARY FOR CELL SURVIVAL
AND ITS GROWTH.

ONLY FOUND IN VERTEBRATE SPECIES AND ARE INVOLVED IN HIGHER—ORDER
ACTIVITIES.

THE MAJOR NEUROTROPHINS ARE NGF, BDNF, NIT-3, NT-4

NGE IN PNS ACTS ON SYMPATHETIC NEURONS WHILE IN CNS ACTS ON CHOLINERGIC
NEURONS IN THE BASAL FOREBRAIN.

BDNF AND NT—=3 ACTS IN CNS ON CORTICAL AND HIPPOCAMPAL STRUCTURES.

THE NEUROTROPHINS ACT VIA TRK RECEPTOR AND P7HNIR  AND MEDIATE THE
DESTIRED ACTIONS.



SUMMARY

e DISTURBANCES IN NEUROTROPHIC FACTORS ARE ASSOCIATED WITH DEPRESSION,
SUBSTANCE ABUSE, ALZHEIMER S DISEASE, PARKINSON' S DISEASE,
HUNTINGTON' S DISEASE, ALS, SPINAL CORD INJURY.

e OTHER NEUROTROPHIC FACTORS INCLUDE GDNF (HIRSCHPRUNG S DISEASE)
CNTF (AMYOTROPHIC LATERAL SCLEROSIS).

e [LOW THERAPEUTIC POTENTIAL BECAUSE OF LIMITATIONS LIKE PHYSICAL
DELIVERY, “FLOODING” OF THE CNS, APPROACH TOWARDS THE TARGET
RECEPTOR.
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