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1. Introduction

The main logic is that molecules can stimulate and 
assure neurons to act in new approaches, which lead to 
recovery of nerve fibers. Trophic factors are molecules, 
which behave on specific cell receptors to trigger some 
pathways such as protein synthesis and outgrowth. 
Nerve growth factor (NGF) is the main molecule of 
the growth factors family known as "neurotrophins". 
Neurotrophin is a protein molecule which provides 
essential functions to neurons including survival, 
growth, and morphologic plasticity of them (1). NGF 
was discovered in 1951 by Rita Levi-Montalcini 
and since then many neurotrophic factors have been 
described which have effects on the outgrowth of nerve 
fibers. The explanation about the neurotrophic factors 
especially functions and roles of them in the nervous 
system has still been increasing including embryonic 
and postnatal development after injury. There are many 
studies mention main aims of neurotrophic factor 

researches involved in developmental roles, plasticity in 
the central nervous system, and mechanisms of injury 
and signal transduction (1-8). The objective of this 
review is to give an overview of neurotrophic factors 
and emphasize importance of what we know about the 
functional mechanisms by which neurotrophic factors 
reveal their effects from an injury response window, 
including axonal growth and regeneration. 

2. Growth factors

The neurotrophic growth factors family is a classical 
growth factors family of peptides. These peptides 
contribute surviving and differentiating of nerve 
fibers in both central and peripheral nervous system 
by having structural and functional relation to each 
other (9,10). NGF was purified and identified as a 
diffusible factor that enhances the axonal sprouting and 
neurite outgrowth of neurons both in vitro and in vivo 
by Viktor Hamburger and Rita Levi-Montalcini, as a 
member of the neurotrophin family in the twentieth 
century (1,9). After that, brain-derived neurotrophic 
factor  (BDNF) was purif ied and cloned from 
mammalian brain as a second member of neurotrophin 
family. As a result of investigations in molecular 
biology, we know that NGF, BDNF, neurotrophin-3 
(NT-3), and neurotrophin-4/5 (NT-4/5) constitute the 
neurotrophin family in mammals (11) (Figure 1). 
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2.1. Neurotrophin family

Neurotrophins are biological molecules that are 
composed of noncovalent homodimers containing 
cysteine and their cysteine parts play a very important 
role in the interaction of homodimer molecules with 
each other (9,12). Homodimers are basically composed 
of two pairs of beta chains. Beta chains are bound to 
each other with extremely flexible 3 short bonds and 
these binding sites are the places where amino acid 
difference, which separates neurotrophins from each 
other, occurs (9). Neurotrophins have a very important 
place among neurotrophic factors. In general, they show 
their effect by interacting with two different receptor 
families. These are p75, member of the tumor necrosis 
factor alpha family, and tropomyosin receptor kinase 
(trk), a member of the tyrosine kinase receptor family 
(13). P75 receptors bind to all neurotrophins with 
similar affinity and members of tyrosine kinase receptor 
family are more selective in binding. For example, 
BDNF binds to trkb receptor while NGF binds to trka 
(14). Two different extracellular domain sites have 
been identified for neurotrophins in these interactions. 
One of these domains, immunoglobulin (Ig)-like 
domain, has been reported to have an active role in 
both maintaining specificity between neurotrophin 
ligands and in regulating the binding and activation of 
neurotrophins (15). 
 Neuro t roph ins  a re  ve ry  impor tan t  among 
neurotrophic factors in terms of their ability to guide the 
axons in growth cone during regeneration. The role of 
neurotrophins in the chemotaxis of the growth cone has 
recently been revealed. NT-3, NT-4/5, NGF and BDNF 
have been reported to be capable of inducing chemotaxis 
in sensory neurons. In addition, responses are inhibited 
in both motor and sensory neurons when antibodies that 
functionally block neurotrophins are used (9,10). 

2.2. Glial cell-lined derived neurotrophic factor (GDNF) 
family

The GDNF, persephin (PSP), neurturin (NTN) 
and artemin (ART) constitute the GDNF family of 
neurotrophic factors. GDNF has been defined by the 
effect of increasing the survival of motor neurons, 

while NTN has been defined by the effect of increasing 
the survival of sympathetic neurons. Similarly, PSP and 
ART's beneficial effects of neuronal survival have been 
shown in vitro. Although there are some differences 
in their biochemical structure, neurotrophic factors 
of GNDF family are structurally like neurotrophins 
(10,16-18). 
 The members of GDNF family show their effects 
through receptor complexes formed by high affinity 
ligand binding subunits (GFR-alpha). These subunits 
provide specificity at the same time. For example, while 
GDNF interacts with GFR alpha 1, NTN interacts with 
GFR alpha 2. In general, GFR alpha-receptors bind to 
cell membrane via glycosyl-phosphatidylinositol (GPI) 
(12,16).

2.3. Neuropoeitic cytokine family

Neuropoeitic cytokine family generally known as 
interleukin 6 (IL-6) family and it has functions, which 
contain different neural responses such as neural 
survival and differentiation (19,20). This cytokine 
family generally has a long chain alpha helix structure. 
Unlike both neurotrophins and the GDNF family, 
neuropoeitic cytokines are not biologically active 
homodimers, they are secretory proteins in the form of 
alpha helix (19,21).

3. Interactıons between neurotrophıc factors

Due to the general similarity between receptor activation 
and adaptor proteins related with signal mechanisms, 
it has been suggested that there may be significant 
interactions and similarities between biological responses 
caused by the members of aforementioned three 
neurotrophic factor families in the related cell. This state 
is supported by the results of studies conducted with 
the combinations of GDNF and neuropoeitic cytokines, 
which argue that they either increase each other's present 
effects or show a synergistic effect (9,22). It has been 
reported that in the differentiation of embryonic motor 
neurons, neurotrophic factors of each of the three 
families improve neurite outgrowth, even if in different 
degrees, and that different combinations show synergistic 
effect (23). 
 Neurotrophins, members of the GDNF family and 
neuropoeitic cytokines have many similar and different 
characteristics in terms of both receptor systems and 
related signal transduction pathways and also their 
biochemical components and biological responses. 
For example, with a biochemical approach, while 
neurotrophins and members of the GDNF family 
are homodimeric and biologically active molecules, 
neuropoeitic cytokines are long chain α-helix bundle 
proteins. Although neurotrophins bind to trk and 
p75, which are two different receptor classes, trk-p75 
interaction is also important for neurotrophins in the 
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Figure 1. Main neurotrophic factors and their receptors 
used in nerve repair. Schematic illustration of 3 neurotrophic 
factor families. NGF: Neurotrophin family, GDNF: GDNF 
family, CNTF: Neuropoeitic cytokines. 
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cell adhesion molecules and molecules such as basal 
membrane components also increase. Proliferated 
Schwann cells form linear bands called Bungner Bands, 
which guide regenerating axonal sprouts to reach the 
distal part (30-32). Meanwhile, the changes in the 
temporal expressions of the members of 3 neurotrophic 
factor families and receptors in the distal part have been 
reported to be much more dynamic when compared 
with those in axotomized motor neurons. After damage, 
the expression of NGF and BNDF, which are from 
neurotrophin family, increase in the distal part, while 
the expression of NT-3 and NT-4/5 decreases. Increase 
in the expression of GNDF from the GNDF family and 
IL-6 from the neuropoeitic cytokine and decrease in the 
expression of CNTF (ciliary neurotrophic factor) have 
also been reported. While NGF mRNA can hardly be 
detected in intact nerve normally, it has been reported 
to increase 10 times in the distal part within the first 12 
hours following damage and to decrease to 5 times of 
the normal level on the 72nd hour and stay at this level 
for about three weeks (25,33-35). The BDNF mRNA 
increase, which occurs in the distal part following 
the damage, is quite slow when compared with NGF. 
However, the increase in BDNF mRNA expression 
reaches a detectable level on the 7th day following 
the damage and continues to increase until the 28th 
day. The maximum level of BDNF mRNA is about 
ten times more than that of NGF mRNA (25,35,36). 
The expression of NT-3, one of the members of 
neurotrophin family, can be easily detected in healthy 
nerves with NT-3 mRNA and its expression within 
12 hours following the damage has been reported to 
decrease rapidly and return to basal level within 2 
weeks. Similarly, NT-4/5 mRNA expression has also 
been reported to decrease within 6-12 hours following 
nerve transection (29,33). GDNF, one of the members 
of GDNF family, has been detected in healthy nerve 
and it has been reported to peak in distal part on the 
seventh day following the damage and maintain its high 
level at least for two weeks. While the expression of IL-
6, one of the members of neuropoeitic cytokine family, 
is not in sufficient levels for detection, the expression 
of CTNF is in very high levels. However, after damage, 
the level of CTNF mRNA begins to drop within 24 
hours, and goes about 5 times below the levels detected 
in healthy nerves. Unlike CTNF, the expression of 
IL-6 mRNA increases 35 times in the distal part after 
damage and it returns to basal level again 24 hours later 
(35,37). 
 A great number of experimental studies have shown 
that neurotrophic factors increase the survival rates of 
axotomized or injured nerves. Methods, which provide 
long-term neurotrophic factor release to increase 
survival, include many different strategies ranging from 
exogen neurotrophic factor to adenoviral transfer. In the 
following sections, we will review the basic effects of 
neurotrophic factors one by one.

formation of high affinity binding sites. In addition, it is 
also known that in receptor systems, which use GDNF 
and neuropoeitic cytokines, biological effects such as 
neural survival, differentiation and neurite formation 
affect α-subunits and signal transduction and thus may 
cause more positive effects (24,25).

4. Postinjury effects of neurotrophic factors

Possible changes that occur in neurotrophic factors and 
receptors are very important in terms of regenerative 
evaluation. Regulation of neurotrophic factors in motor 
neurons and distal regions especially after damage is 
important in appreciating their role in regeneration. 

4.1. Changes in motor neurons

Fo l lowing  axona l  damage ,  BDNF,  wh ich  i s 
underexpressed in healthy neurons, is induced quickly 
and BDNF mRNA (messenger ribonucleic acid) 
significantly increases within 8 hours after axotomy 
(26). The increase in BDNF level returns to normal 
levels within the 7th day following the damage. The 
BDNF mRNA increases in neurons after axotomy 
overlaps BDNF protein expression. This protein level 
reaches peak within 7 days after damage and stays high 
until the 14th day when compared with intact neurons 
(26,27). Following peripheral nerve injury, neurons 
neither increase nor express trkA. Following axotomy, 
trkB mRNA has been reported to start increasing on 
the second day, reach the highest level on the seventh 
day and maintain its increased level until the 21st day. 
On the contrary, trkC MRNA has been reported to stay 
relatively unchanged following axotomy while it has 
been reported to decrease significantly after sciatic 
nerve damage (26,28,29). Although what we know 
about the regulation of neuropoeitic cytokines after 
peripheral nerve damage is not as much as what we 
know about neurotrophins, it is known for example that 
IL-6 mRNA increases rapidly after axotomy and returns 
to the basal level 24 hours later. Here, the regulation 
of neuropoeitic cytokine receptors depends on both the 
content and localization of the damage (21). 

4.2. Changes in distal part

Cellular and molecular changes in the distal part after 
damage are first degenerative and they are characterized 
by phagocytic processes, which are initiated by 
Schwann cells and maintained by macrophages. In 
this series of process called Wallerian degeneration, 
myelin sheath and axonal injuries are suppressed by the 
aforementioned cells. The transformation of Schwann 
cells from stabile cell form, which provide myelination 
into rapid proliferating cell forms, which do not cause 
myelination, is effective. With this transformation, a 
great number of growth proteins, neurotrophic factors, 
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4.3. Basic effects of neurotrophins 

It is well acknowledged that BDNF plays a role as a 
survival factor for damaged neurons (38). This survival 
increasing effect of exogen BDNF is temporary and 
dependent on functional trkB receptors (39,40). For 
example, within 4-5 weeks following the damage, 
95% of the neurons had died although the treatment 
continues. The neural survival effect of BDNF after 
axotomy is dose-dependent (41,42). The survival 
increasing effect of NT-3 and NT-4/5 in damaged 
neurons is still disputed and controversial. Some studies 
claim NT-3 and NT-4/5 are as effective as BDNF in 
increasing neural survival whereas other studies have 
reported NT-3 and NT-4/5 to increase survival in 
axotomized neurons, but this effect was less than the 
effect of BDNF. In addition, it has been reported that 
NT-3 does not increase survival in damaged neurons 
when compared with the control group (9). 

4.4. Basic effects of GDNF family

The survival enhancing effect of GDNF in motor 
neurons following damage has been reported. In 
adult animals, exogenous GDNF application has been 
reported to save axotomized motor neurons and in 
addition to injured nerves. However, similar to BDNF, 
one dose GNDF has been reported to have a temporary 
effect (17,18,34,35). Thus, different methods have 
been examined for long-term survival increasing 
effect. Although there are in vitro studies about the 
motoneuronal survival increasing effect of NTN and 
PSP, it has not been completely found out whether the 
other members of the GDNF family prevent cell death 
induced by axotomy (43,44). 

4.5. Basic effects of neuropoeitic cytokines 

The beneficial effects of CTNF, and IL-6 in nerve 
regeneration have been presented (20,45,46). Similar 
to the members of neurotrophic factor family such 
as BDNF and GDNF, neural survival effect of CTNF 
is also transient. In response to nerve damage, the 
changes in neuronal form have been expressed as 
the transformation of phenotype from "transmitter" 
to "regenerative" (47). In vitro studies show that, 
apart from the supporting effect of survival for both 
peripheral and central nervous system neurons, CNTF 
also initiates axonal sprouting and rescues the neurons 
from axotomy-induced cell death (48).

5. Regenerative events following damage

In addition to the survival increasing effects of three 
neurotrophic factor families on injured nerves, the 
similarity of their signal transduction mechanisms 
shows that they have similar abilities to reverse the 

effects of axotomy. 
 It has been reported that neurotrophic factors 
provide neural survival following damage and that there 
is a direct association between exogenous neurotrophic 
factor application and axonal regeneration (22,49). 
In the evaluation of peripheral nerve regeneration, 
total number of axons in the distal part of nerve and 
functional tests are used (50-52). However, axonal 
assessment only in the distal part means ignoring the 
axon outgrowths, which originate from the proximal 
part. Thus, axon outgrowths, which develop as a 
response to exogenous neurotrophic factor treatment, 
are insufficient to estimate direct information about the 
accurate number of axotomized neurons (51,53,54). 
Briefly, combined quantitative evaluations will give 
more precise information about regeneration. 

5.1. Neurotrophins

In axonal regeneration, BDNF can improve axonal 
sprouting. It has been shown that, following nerve 
injury, BDNF does not increase functional recovery 
in tests such as sciatic function index, however, it 
has triggering effects. Although exogenous BDNF 
has inefficacies in postinjury functional recovering, 
endogenous BDNF is known to play an important role 
in peripheral nerve regeneration (38,55). Anti BDNF 
antibody application after damage has been reported 
both to diminish axonal elongation and to decrease 
the axonal density and number (56). One of the most 
important factors of poor recovery in motor functions 
following peripheral nerve injury is the decrease in the 
axonal regeneration abilities of motor neurons. During 
regeneration, a time-dependent decrease is seen in the 
total number of regenerated axons and reinnervation 
of muscle fibers (25,47). However, it is suggested that 
low dose and long term BDNF application increases 
both axonal regeneration and neural cell repair and 
thus it is very effective in reversing the negative 
effects caused by chronic axotomy (38). Moreover, 
similarly, low dose BDNF application has been shown 
to increase the number of reinnervated muscle fibers 
significantly (9). The use of BDNF by axotomized 
neurons can be suitable for the start of axonal growth 
following damage; however, temporary expression 
is not sufficient in the long-term support of axonal 
regeneration. During the first week after damage, NGF 
upregulation occurs in distal nerve root. NGF plays an 
important role of support in increasing Schwann cell 
organization. This support is realized through Bungner 
band. In addition, this temporary upregulation of NGF 
starts the slow developing regeneration after damage. 
Although the axonal regeneration initiating effect of 
exogenous BDNF is limited, the same is not true for 
NT-3. Especially in injury models, which are formed 
through sciatic nerve resection, NT-3 has been shown 
to increase both the number of regenerated axons and 
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myelination significantly (10,29,38). 

5.2. GDNF family

Overexpression of GDNF in muscle fibers may result 
in hyperinnervation at the neuromuscular junctions. 
Thus, it is argued that GDNF eases synapse formation 
during regeneration or acts as "synaptotrophin" for 
developing neuromuscular connections. Since a similar 
hyperinnervation does not occur in the overexpression of 
NT-3 or NT-4/5, this effect of GDNF has been reported 
to be specific (9). Similarly, GDNF application has 
been shown to increase regenerated axonal outgrowth 
significantly in spinal cord and peripheral nerve 
injury (57,58). In addition, there are studies, which 
show that GDNF not only advances the formation of 
neuromuscular connections, but also induces muscle 
innervation plasticity and/or remodeling (59). It is 
argued that it plays a facilitative role in triggering 
axonal regeneration of axotomized motor neurons. The 
role of other members of the GDNF family in axonal 
regeneration has not been specified yet. 

5.3. Neuropoietic cytokines 

CNTF and neurotrophins are known to play an 
important role separately or in combination in axonal 
outgrowth and functional survival after damage (25). 
Studies have reported that the combinations of CNTF /
BDNF treatment has neuroprotective role in the retina 
(60). IL-6 has been shown to be significant in axonal 
regeneration. Antibody application, which prevents 
IL-6 from binding with its receptor, has been shown 
to decrease axonal regeneration significantly (9). The 
role of neurotrophic cytokines in peripheral nerve 
regeneration has been examined in adult rat sensory 
neurons and spinal cord injury models. It has been 
shown that neurotrophic cytokines promote axonal 
regeneration and functional recovery (20,61). However, 
it is not known whether neurotrophic cytokines affect 
by increasing the rate of axonal regeneration or by 
increasing regenerative or terminal outgrowth in axons. 

6. Conclusion

Although it is clear that neurotrophic factors support 
neural survival after damage and intracellular pathways 
are clearly determined, quantitative assessments in 
especially axonal regeneration are very recent. The 
literature shows that regeneration and functional recovery 
depend on the positive and negative signal balance 
between growth factors. Further studies of in vitro and 
in vivo nerve injury and repair models are required to 
make our information about neurotrophic factors more 
comprehensible. Results can cause the design of more 
specific treatment methods in the treatment of low 
functional recovery, which develops after damage.
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