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Neurotrophic Factors and Their Physiological Roles in Relation to Neurological Disorders

SHOEI FURUKAWA"

Abstract: Neurotrophic factors (NTs) are endogenous molecules that exert effect on neurons throughout their
lifespan.  They stimulate neuronal differentiation of immature neurons and regulate neuronal functions of
mature neurons such as protection from accidental neuronal death. Recent discoveries of new NTs differing
from the nerve growth factor (NGF), a prototype of neurotrophic factors, provide indication that neurons
respond to plural NTs which function in various types of neurons. Ordered neurogenesis and neuronal
regeneration proceed properly following the timely- and/or spatially-regulated expression of NTs and their
receptors. The novel effects of NTs on neurons in neuronal disorders such as Alzheimer's disease, Perkinson's

disease and amyotrophic lateral sclerosis showed qualify them for use in treating these disease.
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Tabie 1. Substances with neurotrophic activities

1) =a—0ra 7477 3Y— (neurotrophin family)
MEEMER T, NGF (nerve growth factor)
A R #2 K #E KT, BDNF (brain-derived neurotrophic factor)
Za—DopbO7 (-3, NT—3 (neurotrophin-3)
Za-—mhra74>—4,/5, NT~4,/5 (neurotrphin-4./5)
Za—DObrO74v—6, NT—6 (neurotrophin-6)
2) EfRfEEERFERT. CNTF (ciliary neurotrophic factor)
3) FGF 77 31— (fibroblast growth factor family)
B AR SF B RINF. aFGF (FGF —1) (acidic fibroblast growth facror)
AN RHEFMRRREA T, bFGF (FGF—2) (basic fibroblast growth factor)
FGF—-5
4) A A 77 3Y — (insulin family)
4 > A1 ». insulin
AR YRREERF—1. I GF—1 (insulin-like growth factor- I )
A A) YERERTF—-O., IGF—1 (insulin-like growth factor- I )
LR AMERERT-. EGF (epidermal growth factor)
A4 kA4 (cytokines)
) LR BHFEFIEF. CDF /L IF (cholinergic differentiation

factor,/ leukemia inhibitory factor)

o Ol

Ay —ua4xr—-1, 1 1 (interleukin-1)
Avy—of4*r—2, 1 2 (interleukin-2)
4% —-a4%>—3, IL—3 C(interleukin-3)
4%—-u4%x>—6, 1 L—6 (interleukin-6)
GM—C S F (granulocyte-macrophage colony stimulating factor)
E p o (erythropoietin)
F4 L F¥ 3~ (thioredoxin)
) GP A (growth promoting activity)
8) —a—O U HREML ./ F—+¥, NSE (neuron specific enolase)
) 7AFL V., anexin V
10) 79 A 3/ —4% ., plasminogen
) YUt AYF . gliostatin
12) 100 3
)

L-
L—

13) MEBILIRER T 77 1) —, TGF (transforming growth factor) :
7)) 7 RBEH R AR EN T, GDNF (glial cell line-derived neurotrophic factor)
TGF— 32
TGF—- 33

14) 3 v F# 4>, MK (midkine)
TL4Fra7 4, PTN (pleiotrophin)
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Fig. 2 Interaction between neurotrophins and their receptors
p75 binds all neurotrophins with a low affinity. The TrkA receptor primarily binds to NGF, TrkB
binds to BDNF and NT-4/5, while the TrkC binds to NT-3. The Trks interact with their corresponding
neurotrophins at a high affinity, but low affinity association are also found between NT-3 and TrkA, and

TrkB, or between NT-4/5 and TrkA.
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Fig. 3 Schematic representation of possible sources for trophic support
The Neuron2 is drawn as member of a neuronal chain. The neuron might obtain neurotrophic
substances via anterograde transport from the afferent neuron (arrow a, Neuronl), by means of an
autocrine loop (arrow b), by retrograde axonal transport from the neuron it innervates (arrow c,

Neuron3), or glial cells activated following brain damge (arrow d, astrocyte or microglia).
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Fig. 4 Immunoreactivity of NT-3 in the rat cerebellum
NT-3 immunoreactivity was observed in the dendrites and axons of Purkinje cells (indicated as
arrows in A), granular cells (B), and neurons of the cerebellar nuclei (C). Schematic representation of
the cerebellar structure helps understanding that Purkinje cells are supplied with NT-3 from both the

granule cells and neurons of the cerebellar nuclei.
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Table 2 Possible use of neurotrophic factors as therapy for
neurological disorders

NGF Alzheimer's disease
peripheral neuropathies
peripheral nerve regeneration
spinal cord damage

BDNF Alzheimer's disease
Perkinson’s disease
Huntington's disease
Amyotrophic lateral sclerosis

CNTF Amyotrophic lateral sclerosis
motor neuron diseases

GDNF Amyaotrophic lateral scierosis
motor neuron diseases
Perkinson's disease

1GF-! Amyotrophic lateral sclerosis
motor neuron diseases
peripheral neur opathies
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Fig. 5 NGF content in Alzheimer's disease across various regions of the human brain®”

Increase in NGF content relative to the control group are pronounced in areas not traditionally known
to be affected in the disease, including the putamen (column3) as well as the frontal (column4) and
occipital (column7) neocortices. In contrast to these changes, tissue samples from the basal forebrain
(column9) revealed a significant decline in NGF content of Alzheimer's disease group.

Brain regions: 1, hippocampus; 2, amygdala; 3, putamen; 4, frontal cortex, 5, temporal cortex; 6, parietal

cortex, 7, occipital cortex, 8, cerebellum; 9, basal forebrain
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Fig. 6 Schematic representation of production and transport of NGF in the septohipocampal pathway

A: NGF production in the hipocampal neurons is upregulated by glutaminergic innervation, while
downregulated by GABAergic afferent fibers in healthy brain. The NGF produced is retrogradely
transported to the cell bodies of the septal cholinergic neurons, and functions as a neurotrophic factor.
B: Although the regulatory system of NGF synthesis functions normally, the NGF transport system is
impaired by means of generation of axonal neurotangles, which results in an increase of NGF content in
the hippocampus and a reduction in the septum. C: Both the regulatory system of NGF production and
the NGF transport system are impared by axonal acumulation of neurotangles. This causes a marked
reduction of NGF content in the hippocampus and septum, and finally resulted in neuronal death of the
cholinergic neurons.

B and C may be the cases that are evoked in the Alzheimer's brain.

AR L 7B IR oS . ZREIZIZFREO T A O A R AFEFE L TV B DSNGFE R O FAR IS HEEAR
FTHho, 7TRAMOH A FTOERIEBE IR TV ARV, LA LBELXZTERRLTAUINAT—FHDOL I LK
HREOPIZIGHBEORK L wbO® 2 “KelET A Fat A b PERHBBTE, 2054 7OT X ad
A PENGFEARDH D, TN 7 =M THNGFz & L T 5 alREtEA &,

B2TNIYNIT—iRBETHBDNFDESR

Phillips 5 137 VY N4 7 — R i#EE ONGF, NT-3mRNADFEIIZIZ (LA % VD IZBDNFMRNAD FEH AT IEH
ANERAEPEFIBET LTV A Z & 235 L7 NGFEBDNE# S 2 & | BifiNZkiets o) Vet fbisiifa i
Y LERREE, KIMEETOMRNADSAIEH T ) @b\ wI &5, BDNFIENGF & [Ekk, RifHEK 2
D o EEMEMAIR O MBERER T THD LEZHND, L2 LBDNFIZ T v MEER KK E IINGFO 100f5 Lk
EOEBREIZETINT VDS, o THIBAEZ T ) >~ EEI MM I § 2 BDNFOZF G IENGF X ) 135 212K
EVEHEEIND, b LEI RO TINVYNA T —IRHIEEOBDNFE A T IR ERAZ 2 ) B e o b
BEMEFFICE R BB L RIFTIZEV RV (Fig. 6)o X 5 IZBDNFOEBAMZAMATKBIZ AINZ G, #EZHHO,
Hil 88 3 BRSO MR 2 S SRR AR IR KA LTV BT T Y NA T —JFT
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3D ENTELSEER LMl EEEAZTLTHA ). I VIHIRKRTHNDN S5 R 7RERER T
MR E BT 5 2 LA TE B THA ) A7 B3 P33 il 123 4 % 6-hydroxy dopamine, MPP" 7 &'
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