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Quinolinic acid lesions of the caudate putamen in the rat
lead to a local increase of ciliary neurotrophic factor

Stefan Jean-Pierre Haas, Aline Ahrens, Stanislav Petrov, Oliver Schmitt and Andreas Wree

Institute of Anatomy, University of Rostock, Germany

Abstract

When applied prior to excitotoxic lesions, ciliary neurotrophic factor (CNTF) has been shown to be neuroprotective.
However, data concerning the endogenous CNTF content of the intact rat striatum are rare and have not until now
been available for the quinolinic acid (QA)-lesioned striatum. Therefore, we investigated the CNTF content in the
QA-lesioned rat striatum for at least 1 month using immunohistochemistry and Western blot analysis. In lesioned
striata a neuronal loss was observed by Nissl staining and by a reduction of NeuN-immunoreactive cells, whereas
increased glial fibrillary acidic protein immunoreactivity showed a gliotic reaction. With CNTF immunohistochem-
istry we found that in the QA-lesioned striatum CNTF was increased over time, whereas it was not detectable in
intact and sham-lesioned striata. CNTF-immunoreactive cells had the morphology of protoplasmatic astrocytes.
Furthermore, quantitative Western blotting demonstrated that the content of CNTF protein from striatal lysates
containing 1 mg of whole protein 1 month after QA lesioning (2.76 + 1.71 ng) was significantly increased (P < 0.05,
U-test) compared with sham-lesioned hemispheres (0.68 + 0.25 ng) and intact controls (0.55 £ 0.25 ng). We conclude
that CNTF content is correlated with glial scar formation and suggest that our results may be of relevance to cell

grafting strategies for the treatment of Huntington'’s disease.
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Introduction

Huntington’s disease (HD) is an inherited autosomal
dominant neurodegenerative disorder primarily char-
acterized by the loss of neostriatal GABA-ergic pro-
jection neurons leading to impaired motor behaviour
and, in later stages, to cognitive and psychiatric
dysfunctions, and finally to death (Reiner et al. 1988).
HD is not curable and currently there is no satisfactory
therapy; therefore, extensive research for the treatment
of HD is currently being performed using various
animal models (Beal etal. 1986; DiFiglia, 1990;
Menalled & Chesselet, 2002). Excitatory amino acids,
for example quinolinic acid (QA), can be used to induce
lesions of the caudate putamen (CPu) in the rat or the
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corpus striatum of non-human primates, similar to the
neural cell loss of HD (DiFiglia, 1990). This excitotoxic
lesion model is well established and can be used to
investigate various strategies for the treatment of HD,
for example the application of neurotrophic factors
(Hefti, 1994; Alberch et al. 2002) or cell replacement
therapies (Bjorklund & Lindvall, 2000). One of the most
promising candidates of potent neurotrophins for
the treatment of HD is the ciliary neurotrophic factor
(CNTF), which is a member of the alpha-helical cytokine
superfamily (Richardson, 1994; Sendtner et al. 1994). Its
receptor, CNTF-receptor alpha, is widely distributed
in neurons of the intact adult central nervous system,
including the CPu (Ip et al. 1993). In previous studies,
CNTF yielded neuroprotective effects when applied
prior to an excitotoxic QA lesion by direct infusion into
the brain (Anderson et al. 1996), when implanted cells
genetically engineered to overexpress CNTF were used
as intraparenchymal biological pumps (Emerich et al. 1996,
1997a,b; Weinelt et al. 2003) or through in vivo gene
transfer that led to an increase of CNTF in the CPu (De
Almeida et al. 2001; Regulier et al. 2002). Furthermore,



272 Increase of ciliary neurotrophic factor, S. J.-P. Haas et al.

a clinical phase I trial using intrathecal infusion of CNTF
according to the protocol from Bachoud-Levi et al. (2000)
has recently been finished with encouraging results
(M. Peschanski, unpubl. observ.).

Other cytokine derivates and neurotrophins were
also able to induce neuroprotection in the rat QA lesion
model, for example glial cell line-derived neurotrophic
factor (GDNF) (Perez-Navarro et al. 1999; Alberch et al.
2002), brain-derived neurotrophic factor (BDNF)
(Alberch et al. 2002) or nerve growth factor (NGF)
(Schumacher et al. 1991; Emerich et al. 1994; Menei et al.
2000). Meanwhile, it was observed that the mRNA-
expression for GDNF and its receptor GFRalphal
increased after a QA lesion (Bresjanac & Antauer, 2000;
Marco et al. 2002). The same effect was described for
MRNA levels of NGF (Canals et al. 1998) and BDNF (Checa
et al. 2000), respectively.

Nevertheless, comparable data concerning the exp-
ression of CNTF mRNA or protein in the CPu after a QA
lesion or other excitotoxic lesions of the CPu have not
been available until now, and data about the CNTF pro-
tein content in the intact CPu are scarce and contradic-
tory (De Almeida et al. 2001; Regulier et al. 2002). Thus,
we investigated the time course of the expression
pattern of CNTF protein in the CPu after an unilateral
QA lesion using immunohistochemistry and, in addition,
quantitative Western blotting to determine the CNTF
protein contents in protein lysates from the CPu of intact
control, sham-lesioned and QA-lesioned animals 29 days
after surgery.

Materials and methods
Animals

Adult male Wistar rats aged 3-5 months were housed
at 22+ 2 °C under a 12-h light/dark cycle, with free
access to standard food and water. Housing was in
groups of two individuals per cage. All animal care and
handling were conducted in compliance with the
regulations and licensing of the local authorities.

Excitotoxic lesions

Stereotaxic surgery was conducted on animals (n = 17)
under anaesthesia with fentanyl (0.25 mg kg™, Curamed,
Karlsruhe, Germany) and dehydrobenzperidol (5 mg kg™,
Janssen-Cilag, Neuss, Germany) using a stereotaxic frame
(Kopf, Tujunga, CA, USA). Lesions were made in the left

CPu by injection of 2 x 0.5 uL of 0.09 m QA (Sigma)
dissolved in 0.1 m phosphate-buffered saline (PBS; titrated
with 1 M NaOH to pH 7.4) delivered over 4 min each via
a 26-gauge 5-uL Hamilton syringe (Hamilton, Bonaduz,
Switzerland). The coordinates with reference to bregma
were (1) A=+1.2,L=2.8, V=-55,and (2) A=+0.0, L
= 3.6, V =-5.5 (Paxinos & Watson, 1992). Furthermore,
the animals received two sham injections consisting
of 0.5 uL 0.1 m PBS into the contralateral CPu (respective
coordinates).

Assessment of successful lesions

Apomorphine-induced rotation provides a sensitive
and rapid behavioural correlate of unilateral striatal
damage (Norman et al. 1988; Bjoérklund et al. 1994).
Seven, 14, 21 and 28 days after QA lesion, animals were
tested for apomorphine-induced rotation (1.0 mg kg™
in isotonic saline, Teclapharm, Lineburg, Germany,
injected subcutaneously) using a self-constructed auto-
mated rotometry device. Whole body turns (rotations)
towards the lesioned side measured over 30 min
were defined as complete 360° ipsilateral turns and are
reported as net differences between the two directions
per minute.

Immunohistochemistry

Preparation of the lesioned animals for immunohisto-
chemistry and histology were performed 7 (n =3), 14
(n =3) and 29 days (n =7) after QA lesion. Intact
animals (n = 5) served as controls. After anaesthesia with
ether, the rats were perfused transcardially with ice-
cold 0.9% sodium chloride (50 mL), followed by 400 mL
of 3.7% paraformaldehyde (dissolved in 0.1 m PBS,
pH 7.4). Brains were immediately removed from the
skull, post-fixed for 4 h, and transferred into PBS (pH 7.4)
containing 20% sucrose overnight at 4 °C. The cryopro-
tected brains were frozen in isopentane (-50 °C) and
stored at —80 °C until further processing.
Immunohistochemistry was performed as described
previously for the staining of brain tissue sections with-
out the use of detergents (Haas et al. 2000), because, in
our hands, the various antibodies used to detect CNTF
protein in this study only showed a specific staining when
the use of detergents was omitted. In brief, 25-um-
thick coronal cryostat sections containing the region of
the CPu, or as positive controls sections containing the
optical nerve or the olfactory bulb (Stéckli et al. 1991;
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Dobrea et al. 1992; Kirsch et al. 1998), were stored free
floating overnight in PBS containing 30% sucrose at
4 °C. Cryoprotected brain sections were pretreated for
immunohistochemical staining by successive freeze/thaw
cycles (five times) in hyperosmotic medium and liquid
nitrogen, to make intracellular epitopes accessible for
antibodies. The sections were then washed twice in
0.1 m TRIS buffer (pH 7.4).

For fluorescence microscopy, free-floating sections
were incubated for 4 h at room temperature in 0.1 m
TRIS containing 3% bovine serum albumine (BSA,
Sigma) and 5% normal goat or normal horse serum
(according to the secondary antibodies), followed by an
incubation overnight at 4 °C with primary antibodies
(dissolved in 0.1 m TRIS, 1% BSA) against rat CNTF
(goat polyclonal, 1: 250, R & D Systems; or chicken
polyclonal, 1 : 300, Promega), glial fibrillary acidic protein
(GFAP, mouse monoclonal, 1: 400, Sigma) or neuronal
nuclei antigen (NeuN, mouse monoclonal, 1: 1000,
Chemicon). Tissue sections were then washed three
times in 0.1 m TRIS and incubated overnight at 4 °C with
biotinylated secondary antibodies against chicken
IgY (donkey polyclonal, 1:200, Dianova, Hamburg,
Germany), against goat IgG (donkey polyclonal, 1 : 200,
Dianova) or with Cy2-conjugated anti-mouse IgG (goat
polyclonal, 1: 400, Dianova). After three rinses in 0.1 m
TRIS, sections stained for GFAP and NeuN were mounted
on to gelatine-coated glass slides and embedded in
anti-fading fluorescence mounting medium, whereas
sections for CNTF visualization were further incubated
for 2 h in ABC-complex (1 : 500 for solutions A and
B, Vector Laboratories) followed by three rinses in
0.1 m TRIS, for 2 h at room temperature in Fluorescein—
Avidin D (1 : 250, Vector Laboratories) and finally rinses
in 0.1 M TRIS (3 x 5 min). Specimens were also mounted
on gelatine-coated glass slides and embedded in anti-
fading fluorescence mounting medium.

For light microscopy freeze/thawed sections were,
after two rinses in 0.1 m TRIS, incubated for 20 min in
3% H,0, to quench endogenous peroxidases. The
sections were then rinsed three times in 0.1 m TRIS
and incubated for 1 h in 0.1 m TRIS containing 3% BSA
and 5% normal horse serum, followed by an incubation
overnight at 4 °C with the primary antibodies against
rat CNTF (goat polyclonal, 1: 250, R & D Systems)
dissolved in 0.1 m TRIS containing 1% BSA. After three
washes in 0.1 m TRIS, sections were incubated over-
night at 4 °C with biotinylated secondary antibodies
directed against goat 1gG (donkey polyclonal, 1: 200,
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Dianova) followed by three washes in 0.1 m TRIS, then
for 2 hiin the ABC-Complex (1 : 500 for solutions A and B,
Vector Laboratories), and after three rinses in 0.1 m TRIS
the final detection with the chromophore DAB (Sigma)
for 10 min at room temperature (5 mg DAB dissolved
in 100 mL 0.1 m TRIS containing 1 uL of 30% H,0,) was
performed. Sections were mounted on to gelatine-coated
glass slides, dehydrated in graded alcohol concentrations
and coverslipped with Depex mounting medium (Serva).

Nissl and myelin staining

For histology, parallel sections were mounted on to
gelatine-coated glass slides and stained for Nissl
substance with 0.1% Cresyl violet acetate (Sigma) or, for
myelin, using a silver impregnation slightly modified
from Zilles (1985).

For myelin staining, the sections were fixed ina 0.1 m
neutral phosphate-buffered 3.7% paraformaldehyde
solution for 45 min and subsequently immersed in a
solution of 67% pyridine (Merck) and 33% acetic anhy-
dride (Roth, Karlsruhe, Germany) for 30 min. Following
three rinses in distilled water, the sections were trans-
ferred into an ammonium silver nitrate solution (0.1%
ammonium nitrate, Sigma; 0.1% silver nitrate, VEB
Feinchemie, Sebnitz, Germany; 3 mm sodium hydroxide,
Sigma) for 30 min in the dark and subsequently rinsed
three times in 1% acetic acid. Thereafter, sections were
immersed in a ‘physical developer’ (0.3 m sodium bicar-
bonate, Merck; 0.1% ammonium nitrate; 0.1% silver
nitrate; 0.5% tungstosilicic acid, Sigma; 0.08% Agfacolour
bleach fixer, Agfa). Development of the sections was
stopped after 20 min by immersion in 0.5% acetic
acid for 2 x5 min and subsequent rinsing in running
tap water for 10 min. Next, staining was fixed in a
photographic fixer (Acidofix, Agfa) for 10 min. After an
additional rinse in running tap water for 10 min and a
short rinse in distilled water, the sections were dehy-
drated through ethanol to xylene and coverslipped
with Depex mounting medium (Serva).

Analysis and documentation of tissue sections

Brain sections were analysed with a Leitz Aristoplan
microscope (Wetzlar, Germany) using the FITC filter
unit for immunofluorescence inspections. When docu-
menting the immunofluorescence of the sham-lesioned
control hemisphere and the contralateral QA-lesioned
side the film exposure time was fixed to demonstrate
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the differences of emitted light intensities as indicators
for treatment-dependent protein expression patterns.

Western blot analysis

Four weeks after QA lesion four animals were killed
by pentobarbital overdose (80 mg kg™, Serva) and
transcardially perfused with 4 °Cisotonic saline (50 mL).
The brains were removed from the skull and tissue
blocks containing the QA-lesioned and the sham-
lesioned CPu were excised. Tissue blocks from the CPu
of intact animals served as intact controls (n = 4). Com-
parable amounts of fresh tissue blocks (50 mg of tissue
per 1000 pL sample buffer) were boiled for 5 min in
SDS (sodium dodecyl sulphate) sample buffer (Laemmli,
1970). SDS polyacrylamide gel electrophoresis (SDS-
PAGE) was performed with ready-to-use criterion mini
gels (Biorad, Munich, Germany) consisting of 4-20%
polyacrylamide. A 30-uL SDS sample buffer from
the various CPu was loaded per lane. Measurements
of whole protein contents in these lysates were
performed according to the method described by
Dieckmann-Schuppert & Schnittler (1997). Additionally,
recombinant rat CNTF (R & D Systems) was also boiled for
5 min in SDS sample buffer and various concentrations
were loaded, serving as a positive control and furthermore
to evaluate the CNTF protein content in tissue lysates. After
electrophoresis, proteins were transferred on to nitro-
cellulose membranes (Amersham, Freiburg, Germany).
Membranes were blocked for 1 h at room temperature
in 0.1 mPBS (pH 7.4), 0.1% Tween 20 (PBS-T, Sigma) and 1%
BSA (Sigma). Primary antibodies directed against B-actin,
the product of a housekeeping gene (mouse monoclonal,
1:3000, Sigma) and rat CNTF (goat polyclonal, 1: 1000,
R & D Systems) were simultaneously performed overnight
at 4 °C. Membranes were washed in PBS-T (4 x 15 min)
and incubated for 1 h at room temperature with secondary
antibodies conjugated with horseradish peroxidase
(anti-mouse, 1 : 5000 and anti-goat, 1 : 10 000, both Vector
Laboratories). After washing the membranes in PBS-T
(4 x 15 min), the peroxidase activity was visualized on
X-ray films with an enhanced chemiluminescence kit
(Amersham). Exposure time for films was 2 min.

Quantification of Western blot dots

X-ray films were digitized by a high-resolution trans-
parent flat bed scanner (Duoscan, Agfa) at a lateral
resolution of 800 ppi. Hence, these parameters were

used for all blots. To determine the intensity of six
different known CNTF concentrations, these ‘standards’
were measured by an interactive image analytical
procedure. Each dot of CNTF resembling 0.05, 0.1, 0.2, 0.3,
0.4 or 0.5 ng lane™" was demarcated five times interac-
tively to reduce variability of measurements. The indi-
vidual background of each X-ray film was subtracted
in order to preserve comparability. The evaluation was
realized by a script for the image analysis system KS400
(Zeiss Vision). We observed no stronger differences by
evaluating the images by a densitometric (transformed
grey-level values) (Oberholzer et al. 1996) or an inten-
sitometric (original grey-level values) approach. Blots
were performed in quadruplicate. Using the means, a first-
order exponential model fitting was performed to obtain
the standard curve. The resulting equation was used
for calculating the CNTF content within the CPu lysates.

The dots of the three groups (intact control n =4,
sham-lesioned n =4, QA-lesioned n = 4) were quanti-
fied for CNTF and the housekeeping protein B-actin
(internal standard). Each dot was demarcated and
quantified three times to reduce measurement varia-
bility. Data are expressed as mean + SD. The means of
the three groups were compared by the U-test.

Results
Apomorphine-induced rotations

We used apomorphine-induced rotations to evaluate
the degree of unilateral excitotoxic lesion of the CPu of
rats, because they provide a sensitive and behavioural
correlate of striatal damage. One week after lesion
the mean numbers of apomorphine-induced rotations
were 3.8 * 1.1 rotations min~ and increased up t0 5.2 + 1.1
rotations min~' 2 weeks after the QA lesion, then reach-
ing a plateau and remaining constant with 4.6 + 0.6
and 5+ 1.1 rotations min™', 3 or 4 weeks post lesion,
respectively, which is in the reported range of success-
fully lesioned animals (Norman et al. 1988; Bjérklund
et al. 1994; Weinelt et al. 2003). This behavioural analysis
suggests that 2 weeks after lesion the loss of striatal
neurons and the decrease of dopamine receptors in the
lesioned CPu was completely achieved.

Morphological changes in the QA-lesioned CPu

Excitatory amino acid lesions of the CPu mimic some of
the neuropathological features that occur during HD
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Fig. 1 Histological evaluation of
successful QA lesions of the CPu. Frontal
sections through the injection site 7 days
(A,B), 14 days (C,D) and 29 days (E,F)
after a unilateral QA lesion (left
hemisphere) are illustrated. Myelin
stainings are shown in the left column
(A,C,E) whereas Nissl stainings are shown
to the right (B,D,F). The decreasing tissue
volume of the CPu and the enlargement
of the lateral ventricle over time after
lesion, compared with the sham-
lesioned side, are clearly visible. Asterisks
(B,D,F) indicate the corresponding
regions shown in Fig. 2. Scale bars,

500 um (A—F).

Fig. 2 Neuronal loss and increasing
gliosis after QA lesion. High
magnification of Nissl stainings from CPu
7 days (A), 14 days (B) and 29 days (C)
after QA lesion showing the loss of
neurons and the increase of glial cells
over time, whereas in the contralateral
sham-lesioned hemisphere 29 days after
surgery (D) the amount of glial cells and
neurons cannot be distinguished from
intact animals. Scale bars, 100 um (A-D).

(DiFiglia, 1990). We used myelin and Nissl stainings
to demonstrate gross morphological changes in the
lesioned CPu (Fig. 1). A nearly complete loss of striatal
neurons over time and partial replacement by glial cells
was observed in the Nissl stainings (Fig. 2) and was also

© Anatomical Society of Great Britain and Ireland 2004

Increase of ciliary neurotrophic factor, S. J.-P. Haas et al. 275

verified with immunohistochemistry against the glial
marker GFAP and the neuronal marker NeuN (Fig. 3).
The various fibre bundles that pass through the CPu
seemed to be unaffected by the lesioning. However,
over time they become closer to each other as a result
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of shrinkage of striatal neuronal tissue (Fig. 1A,CE).
Concomitantly with this reduction of tissue we observed

an ongoing enlargement of the lateral ventricle in the
lesioned hemisphere (Fig. 1). The contralateral sham-
lesioned hemisphere did not show these morphological
changes and did not differ from those of intact animals
(Figs 1 and 2D). Only in the vicinity of the needle tract
was a glial scar formation typical for this kind of stab
wound observed (Fig. 1D).

CNTF expression in QA-lesioned CPu documented with
immunohistochemistry

We used two different primary antibodies directed
against CNTF, and various detection systems, including
immunofluorescence or final visualization with the
chromogen DAB (Fig. 3A-D); we always obtained
similar results for the pattern of CNTF immunostaining.
According to several groups (Stockli et al. 1991; Dobrea
et al. 1992; Kirsch et al. 1998), positive controls showed
a strong CNTF immunoreactivity within cells of the the

Fig. 3 Immunohistochemical detection
of CNTF, GFAP and NeuN in the
QA-lesioned and sham-lesioned
contralateral CPu. Increasing staining
intensity for CNTF 7 days (A), 14 days
(B) and 29 days (C) after a QA lesion is
shown. The sham-lesioned CPu (D) does
not show any immunoreactivity for
CNTF. In the QA-lesioned CPu 29 days
post-lesion (E), GFAP immunoreactivity
is strongly increased compared with
sham-lesioned CPu (F). Twenty-nine days
after QA lesion the loss of neurons is
clearly detectable by immunostaining
against the neuronal nuclei antigen in
the lesioned CPu (E’), compared with the
sham-lesioned (F’) CPu with many
NeuN-immunoreactive cells. Scale bars,
100 um (A-D), 175 um (E,F).

olfactory bulb, contributing to the glial limiting mem-
brane, and also in cells of the optic nerve having close
contact with the glial limiting membrane or blood
vessels (not shown). Each negative control performed by
exclusion of the primary antibodies showed a complete
negative staining (not shown), as was the case for stain-
ings of the CPu from intact control rats. In contrast to
the negative stainings in the CPu of intact control
animals, the CPu of QA-lesioned animals led to a weak
staining for CNTF with single CNTF-containing cells
1 week after surgery (Fig. 3A). Two weeks after lesion,
the intensity of CNTF labelling and, furthermore, the
number of CNTF-immunoreactive cells increased (Fig. 3B).
Twenty-nine days after the QA lesion the CNTF label-
ling was further intensified (Fig. 3C). The cells that
contained CNTF (Fig. 3A-C) showed a similar morphology
and distribution in the CPu as the GFAP-immunoreac-
tive protoplasmatic astrocytes with large, swollen cell
bodies (Fig. 3E). In the contralateral hemisphere receiv-
ing PBS injections, CNTF was only detectable directly
along the needle tracts, as described previously (Asada
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Fig. 4 CNTF content in intact control and sham-lesioned and
QA-lesioned CPu 29 days post-surgery determined with
Western blotting. A typical result from a Western blot (A)
with tissue lysates from intact control, sham-lesioned or
QA-lesioned CPu incubated simultaneously against CNTF
(22.8 kDa) and B-actin (42 kDa). When measuring the
standardized optical density for the dots of B-actin in the
various groups, no significant differences were detectable
(B). Measurements of the CNTF dots (C), however, revealed
a significantly higher CNTF content in QA-lesioned CPu as
compared with both sham-lesioned and intact control CPu
(*P < 0.05, U-test). In B and C the error bars show standard
deviations.

et al. 1995). However, in the remaining parts of the
sham-lesioned CPu there was no detectable CNTF
labelling (Fig. 3D) and only a sparse to moderate GFAP
labelling (Fig. 3F), comparable with stainings from intact
controls (not shown). In the CPu, 29 days after lesion,
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where the CNTF and GFAP expression was high (Fig. 3C,E),
only single NeuN-positive cells could be found (Fig. 3E’),
whereas in the contralateral PBS-injected hemisphere
many NeuN-immunoreactive nerve cells were visible
(Fig. 3F).

Measurement of CNTF protein content

Using quantitative Western blotting we determined
the CNTF content in the excised CPu from intact controls
and sham-lesioned and QA-lesioned animals 29 days
after surgery (Fig. 4). Because there were no significant
intergroup differences of the B-actin content (Fig. 4B)
no corrections of the calculated CNTF-dot intensities
had to be performed. In lysates containing 1 mg of
whole protein we found a significantly greater content
of CNTF in the CPu of the QA-lesioned hemispheres
(2.76 £ 1.71 ng, n=4) in comparison with both the
sham-lesioned hemispheres (0.68 + 0.25 ng, n = 4) and
the intact controls (0.55+0.16 ng, n=4) at P<0.05
(Fig. 4C). No significant difference in CNTF-content was
observed between the intact control and the sham-
lesioned group.

Discussion

CNTF is one of the most potent factors with neuro-
trophic effects when applied prior to excitotoxic lesions
of the CPu in rats (Beal et al. 1986; Emerich et al. 1994,
1997a; Weinelt et al. 2003) or the corpus striatum of
non-human primates (Emerich et al. 1997b). Its potential
as a treatment for human patients suffering from HD
when applied intrathecally has been furthermore
investigated in a clinical phase | study (Bachoud-Levi
et al. 2000; M. Peschanski, unpubl. observ.). However,
data concerning the endogenous contents of CNTF
mMRNA or CNTF protein in the intact rat CPu were rare
(Stockli et al. 1991; De Almeida et al. 2001; Regulier
et al. 2002) and data regarding endogenous CNTF
content in the CPu that has been lesioned by excitotoxic
agents were not available. Therefore, it seems important
to obtain precise information regarding the endogenous
CNTF protein content after a unilateral QA lesion in the
CPu, up to 29 days post-lesion, a commonly accepted
time-scale for this model (Beal et al. 1986; Emerich et al.
1994, 1997a,b; Regulier et al. 2002; Weinelt et al. 2003).
The results of the time-dependent changes in CNTF
content were closely correlated with the morphological
changes, as demonstrated by immunohistochemical
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visualization of CNTF, using two different primary
antibodies that were detected with similar results by
immunofluorescence or by the ABC-method with the
chromophore DAB. Both primary antibodies against
CNTF led to similar results and we verified their specif-
icity by negative and positive controls. The latter was
realized by incubating a specimen of the optic nerve
and the olfactory bulb of the rat that are known to
present high levels of CNTF protein in astrocytes (Stockli
et al. 1991; Dobrea et al. 1992; Kirsch et al. 1998). In the
QA-lesioned CPu, CNTF was also high, being specifically
labelled in cells having the morphology of protoplas-
matic astrocytes, whereas we did not observe these
staining patterns in the sham-lesioned hemisphere. In
the latter, we detected a weak CNTF immunoreactivity
in the vicinity of the needle tract only. The high amount
of regional CNTF expression due to such a stab wound
has been described earlier by in situ hybridization (Asada
et al. 1995) and also indicates the specificity of the
antibodies presently used. Moreover, in the Western
blot experiments the specificity of one of the primary
antibodies was shown by use of recombinant rat CNTF
and the specific labelling in the brain protein lysates
from the various animals was shown with a single band
at the same molecular weight as recombinant rat CNTF.

In Stockli et al. (1991), where absolute contents of
CNTF mRNA were not listed, the highest CNTF mRNA
content in adult rats was found in the sciatic nerve,
whereas for the central nervous system the CNTF mRNA
content in the striatum was defined as low, in compar-
ison with the optic nerve and olfactory bulb, which
both contained about 20% of the CNTF mRNA of the
sciatic nerve. In that study no specific data were given
concerning CNTF protein content in the adult or devel-
oping rat striatum. In more recent studies of De Almeida
et al. (2001) and Regulier et al. (2002), an enzyme-
linked immunosorbent assay (ELISA) was applied to
determine the CNTF protein content in the rat striatum
without or after lentiviral CNTF delivery prior to an
excitotoxic lesion using QA. In both studies the CNTF
protein content of the control striata (n =3, De
Almeida et al. 2001; n = 2, Regulier et al. 2002) was below
the detection level. Nevertheless, in the first study the
CNTF protein content subsequent to lentiviral transfec-
tion of the striatum was about 0.94 £ 0.33 ng mg™
protein and in the second study it was between 13.1 +
0.8 ng mg™" and 15.5+ 4.7 ng mg™' protein depending
on the ratio of the injected vectors, which was 1: 1 or
1:5 for a cocktail containing TRE-CNTF and PGK-tTA

lentiviruses. Furthermore, in both studies the treatment
of the animals with the lentiviral constructs led to
neuroprotection of striatal tissue and also to a decrease
of apomorphine-induced rotations. The CNTF protein
content we determined, using Western blots, in the
intact CPu (0.55 + 0.16 ng mg™' protein) or in the sham-
lesioned CPu (0.68 + 0.25 ng mg™' protein) seemed to
be in the range of undetectable levels for CNTF as
described by De Almeida et al. (2001) and Regulier et al.
(2002) for their control tissues using an ELISA. In our
experimental set-up we observed 1 month after a QA
lesion a CNTF protein content of 2.76 + 1.71 ng mg™
protein in the CPu, which is clearly elevated compared
with intact controls, but is below the described values
for the lentiviral transfected striata in the study of
Regulier et al. (2002).

The fact that a dramatic time-dependent local
increase of CNTF, detectable with immunohistochemis-
try, occurred only between 14 days and 29 days after
QA lesion could surely explain why a neuroprotective
effect of the endogenous CNTF protein could not be
observed in our lesion model, as a result of the late
up-regulation at a time point when the striatal neurons
already had undergone cell death (Beal et al. 1986;
DiFiglia, 1990). The role of the endogenous CNTF protein
expression at this late time point is possibly linked
to astrogliosis and formation of a glial scar. There is
recent evidence that CNTF induces astrocytic differen-
tiation or gliosis (Lee et al. 2000). This effect of CNTF
has been shown in vitro in differentiating neural stem
cells (Sun et al. 2001), in O-2A-immunoreactive progen-
itor cells (Hughes et al. 1988), for radial glia cells in
cortical slice cultures (Hasling et al. 2003) and for
differentiating mouse embryonic stem cells (Barberi
et al. 2003). A study investigating the brain from mice
overexpressing CNTF showed an increase of GFAP immu-
noreactivity and hypertrophy in astrocytes, compared
with their wild-type littermates (Winter et al. 1995).
Stereotaxic injection of CNTF in the brain of wild-type
mice also led to a gliotic reaction with an increase of
GFAP immunoreactivity 48 h after injection, whereas
the heat-inactivated CNTF protein did not lead to such
an effect (Winter et al. 1995) and comparable results
have also been obtained using rats (Clatterbuck et al.
1996). In another study performed by Kahn et al. (1995),
infusion of CNTF into the neonate rat brain also induced
an up-regulation of GFAP in the brain of the recipients.
Adenovirus-mediated gene transfer leading to CNTF
overexpression, for example in the striatum, led also
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to an increase of GFAP immunoreactivity and to an
hypertrophied phenotype in astrocytes (Lisovoski
et al. 1997).

Our results deliver important information for cell
replacement strategies, including neural stem cells,
that are actually discussed for the treatment for
HD (Bjorklund & Lindvall, 2000). Petersen et al. (1999)
investigated the influence of CNTF on graft survival of
cells, derived from the lateral ganglionic eminence from
embryonic 14-day-old rats and transplanted into the
CPu of rats that received a QA lesion into the CPu 14
days prior to transplantation. Interestingly, they found
that cell suspensions, containing about 0.6 ng of CNTF
per injection (3 uL of suspension in toto), showed no
better survival of neural cells than cells from control
grafts without added CNTF. Comparing these results
with our study, the explanation for the failure of a
significant protection of the grafted cells could be the
high amounts of endogenous CNTF, which could exert
maximal survival-enhancing effects on the grafted cells.
Unfortunately, Petersen et al. exclusively used markers
for neurons and did not investigate the expression of
glial markers in their study. The lateral ganglionic
eminence of E14 rats contains neural stem cells that
have the capacity to undergo differentiation in several
cell types of the central nervous system (Cattaneo & Conti,
1998; Zhou & Chiang, 1998). It would be of interest to see
if there was a difference of differentiation into several
cell lineages, e.g. GFAP-positive astrocytes, between
neural stem cells grafted in the QA-lesioned vs. the
intact hemisphere as a result of the high amounts of
endogenous CNTF expressed after this excitotoxic insult.
In addition, in other transplantation experiments it has
been shown that nestin-positive temperature-sensitive
immortalized neural stem cells grafted into the stria-
tum of rats 2 weeks prior to an excitotoxic lesion with
ibotenic acid differentiated preferentially into GFAP-
positive cells (Lundberg & Bjorklund, 1996). Because
no data are available regarding the CNTF content in
the brain of HD patients, one can only speculate what
endogenous CNTF could exert on the grafted cells in
patients suffering from HD and, furthermore, that
exogenously infused CNTF could perhaps induce an
unintentional glial differentiation of the grafted fetal
progenitor/stem cells. Astrogliosis, mainly in the basal
ganglia, is one of the hallmarks of HD (Selkoe et al.
1982; Leigh et al. 1985). Therefore, a study referring to
the question of the expression of various neurotrophic
factors in HD would be surely of great interest, because
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it is known that GDNF, and also CNTF, are depleted in
the substantia nigra from patients with Parkinson’s
disease (Chauhan et al. 2001).

In conclusion, our study provides results showing
that in the QA lesion model, which reproduces various
neuroanatomical changes occurring during HD, there is
a significant increase of CNTF protein over time in the
lesioned CPu and that the CNTF protein is expressed
in cells having the morphology of protoplasmatic
astrocytes. The up-regulation of CNTF seems to be
correlated with glial scar formation in the lesioned CPu.
If and how astrocytic CNTF expression may prevent
neuronal cell death and induce neuronal or glial differ-
entiation in vivo, especially of stem cell grafts, need
to be investigated in future studies to bring us a step
forward to reducing progression of neurodegenerative
diseases.
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