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Abstract

Nerve growth factors have been used therapeutically to enhance nerve regeneration with variable results, suggesting that before its use as therapeutic
agents is important to determine their timing and spatial distribution during peripheral nerve regeneration. One of the most important growth factors
in nerve regeneration is glial derived nerve factor (GDNF). Thus, in this study was determined the kinetics of gene expression and cellular sources of
GDNEF in Wistar rats after transection of the sciatic nerve and resection of 5mm in its middle third.

Both proximal and distal nerve stumps were obtained at different time points with laser capture microdissection and used for RNA isolation
for quantification of GDNF gene expression by Reverse Transcriptase Polymerase Chain Reaction. The cellular source was determined by
immunohistochemistry. Our results showed that transcripts of GDNF were constantly expressed and exhibited two peaks, at 48 h being inflammatory
macrophages the cells that showed the highest GDNF immunostaining. The second peak was seen at 17th to 26th days, being the Schwann cells from
the proximal nerve stump the highest GDNF immunostained cells. Thus, GDNF is constantly produced at the site of the injury during peripheral nerve
regeneration with two maximal time points, during early and late regeneration, suggesting that its local administration could be used therapeutically
to increase nerve regeneration.
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Thus, it is important to know the kinetics of the neurotrophic factors
production, in order to replicate the normal regeneration and in that
way improve the reparative nerve process. The aim of the present
study was to determine the kinetics and cellular sources of GDNF
after section of the sciatic nerve in the rat.

Materials and Methods

Wistar rats six weeks old were anesthetized, the right sciatic nerve
was exposed, dissected and transected in its middle third where 5mm
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most proximal part of the distal stump.

To determine the gene kinetics of GDNE, RNA was isolated from
the nerve tissue fragments obtained by LCM. Reverse transcription
was performed using 5ug RNA, oligo-dt and Omniscript kit (Qiagen,
Inc). Real-time PCR was done using the 7500 RT-PCR system (Applied
Biosystems, USA) and Quantitect SYBER Green Kit (Qiagen). Specific
primers for GDNF transcripts were designed (Primer Express, Applied
Biosystems, USA), B-actin was used as housekeeping gene.
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The same paraffin embedded tissue used for LMC was used
for immunohistochemistry detection of GDNE using a mouse
monoclonal antibody (Santa Cruz Biotechnology, INC.) and anti-
mouse rabbit immunodetector HRP/DAB (BIOSB, USA).

Results

Proximal and distal nerve stumps expressed GDNF transcripts in
all the studied time points and showed two peaks, the highest was after

GDNF
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Figure 1: Kinetics of GDNF gene expression during peripheral nerve regeneration. Sciatic
nerve was dissected, sectioned and a small fragment was removed in a large group of
Wistar rats. Three rats were euthanized at the indicated time points and the injured sciatic
nerve and surrounded tissues were dissected, fixed by immersion and embedded in
paraffin. The proximal and distal nerve stumps were isolated from these paraffin blocks
by laser microdisection and total RNA was purified and used to quantify GDNF gene
expression by RT-PCR. The number of GDNF mRNA copies related to 10° mRNA copies
of actin as housekeeping gene are shown.

two days of nerve injury in the distal nerve ending, while the second
peak was at 17 and 26 days in the proximal nerve stump (Figure 1).

Histologically, after 6 h there was acute inflammation with
numerous mast cells around perineurial blood vessels and epineurium
(Figure 2A). At 12 h, the epineurium and perineurium showed
connective tissue hyalinization, dilated blood vessels surrounded by
numerous lymphocytes, monocytes and neutrophils (Figure 2B). The
injured nerve showed vacuolization with cellular decrease. After two
days, numerous lymphocytes and mainly macrophages were located
around perineural vessels, on the epineurium and between nerve
fascicles and muscle, the injured nerve showed detached Schwann
cells. The epineurium show incipient granulation tissue, numerous
mast cells, edema and focal rabdomyolisis (Figure 2C and 2D). Many
macrophages showed strong GDNF immunostaining, while weak
staining was seen in some fibroblasts, endothelial and Schwann cells
(Figure 3A). Atdays 4 and 6, inflammation was mild with macrophages
distributed between nerve fibers, in the epineurium and perineurium
with some mast cells and fibroblasts. At day 7, the inflammatory
infiltrate was slight and there were sprouts or nerve ramifications
from the proximal nerve to the muscle tissue with some axons covered
by Schwann cells (Figure 3E). The nerve sprouts showed irregular
shape, some were nodules constituted by Schwann cells from day 17
to 26 (Figure 3F and 3G), surrounded by mild fibrosis and chronic
inflammation that progressively decreased (Figure 3H). Numerous
new formed nerve sprouts were constituted by Schwann cells with
strong GDNF immunostaining, being the highest in the principal
sectioned nerve, while macrophages showed lesser immunoreactivity
(Figure 3).

Figure 2: Representative micrographs of selected time points during peripheral nerve regeneration.

A) After 6 h of nerve injury there are acute inflammatory infiltrate in the epineurium with several mast cells (arrows).

B) Twelve hours after sciatic nerve section there are nerve vacuolization and hyalinization of epineural collagen (asterisk) with mild inflammatory infiltrate.
C) Two days after nerve injury there are intense inflammatory infiltrate into the nerve, its epineurium and neighbor adipose and muscular tissues.

D) High power micrograph of the lesion exhibited in C showed numerous macrophages dissecting the injured nerve, which showed extensive demielinization.
E) After one week of injury, there are slender prolongations or spouts (arrow) from the injured nerve.

F) After 17 days of injury there are numerous nerve sprouts with irregular shape and size (arrows), some of them have nodular morphology (asterisk).

G) High power micrograph of the same nerve showed in F exhibit numerous Schwann cells and few inflammatory cells.

H) After 43 days of nerve injury, some nerve sprouts show nodular organization resembling posttraumatic neuromas (asterisks).
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Figure 3: Representative micrographs of GDNF detection by immunohistochemistry during early and late sciatic nerve regeneration.
A) After 48 h of nerve injury there are numerous macrophages and fibroblasts that show strong GDNF immunostaining located in the perineurium, while few Schwann cells exhibit scarce

immunereactivity (arrows).

B) Several perivascular inflammatory macrophages with strong GDNF immunostaining are seen around dilated blood vessels, which are revisted by strongly GDFN immunostained endothelium

(arrows).

C) In the same early lesion, GDNF immunestained macrophages are seen into the injured nerve.

D) After 17 days of injury, regenerative sciatic nerve show strong GDNF immunostaining (asterisk), as well as its sprouts but in lesser intensity (arrows).
E) Collateral nerve ramifications or nerve sprouts are surrounded by thick fibrous epineurium and constituted by Schwann cells that show strong GDNF immunostaining.
F) High power micrograph show Schwann cells from regenerative nerve after 26 days of injury with strong GDNF immunostaining, while the inflammatory infiltrate is negative (arrow).

Discussion

The inflammatory response induced by peripheral nerve injury
induces mast cells degranulation that release histamine and serotonin
that enhance capillary permeability, facilitating macrophage migration
[3]. Macrophages recruitment begins 2 to 3 days after nerve injury and
peaksatabout 7 or 14 days [4]. Macrophages and Schwann cells remove
the injured tissue debris [5]. Macrophages secrete an enormous range
of products, including cytokines and growth factors that are mitogenic
for Schwann cells. Our results showed that GDNF is constantly
produced and its highest gene expression was very early, after two
days of nerve injury in the distal stump, being macrophages its most
important cellular source as suggested by immunohistochemistry.
Other lesser numerous GDNF immunostained cells were the
endothelium and fibroblasts. Few Schwann cells showed slight GDNF
immunoreactivity in this early regenerative response.

GDNF was originally identified in astrocytes and later in other cell
types [6]. GDNF is a potent trophic factor for embryonic motoneurons
that enhance their cholinergic maturation and reduce cell death after
axotomy. GDNF overexpression by muscle cells highly increases
the number of axons in neuromuscular junctions. Administration
of GDNF results in motor unit enlargement and continuous
synaptic remodeling at the neuromuscular junction [7]. GDNF is
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also produced by macrophages and activated microglia in response
to striatal and spinal cord injury, where these cells remain at the
wound site producing increasing amounts of GDNFE. In experimental
autoimmune neuritis, GDNF is produced by macrophages and T
cells [8]. GDNF is up regulated after several types of peripheral nerve
injury and its administration to adult rats can change the phenotype
of nerve fibers from unmyelinated to myelinated, where Schwann
cells also aid axonal outgrowth and remyelinate the regenerating axon
[9]. Previous reports showed that 48 h after peripheral nerve injury
GDNF expression increased and Schwann cells are responsible for
its expression [10]. These observations are in agreement with our
results of time course gene expression, but in disagreement with our
immunohistochemistry results, which indicated that macrophages are
the most important cellular source of GDNF after early nerve injury,
while Schwann cells are apparently the source of the later second
peak production. At this later time there are numerous nerve sprouts
that showed strong GDNF immunostaining in Schwann cells. Thus,
it seems that GDNF is related to the nerve sprouts production that
apparently try to reconnect nerve endings, and this growth factor
could also participate in the production of post-traumatic neuromas,
because strong GDNF immunostaining was seen in nodular structures
located near to the sectioned nerve.
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