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ABSTRACT 
In the case of injury to the CNS, different proteins act to repair and protect cells in the brain and spinal cord. In the 
present study, we looked at dorsal root injury and hypoglossal nerve avulsion and transection. Here we studied for the 
first time the expression of Parkin in these types of injuries. However the antibodies against Parkin used here have not 
been able to detect Parkin in the injuries examined, neither with fluorescence or using DAB. The roles of Mts1, GFAP, 
and clusterin after injury have been investigated earlier, but their co-localization in the same cells was first shown in 
this study in the hypoglossal nucleus with immunohisto-chemical methods. These results may also be of value in the 
process of finding an effective treatment for neurodegenerative disorders such as ALS. 

 
 
INTRODUCTION 
There are 3 types of glial, or supporting, cells, in the 
central nervous system (CNS): astrocytes, 
oligodendrocytes, and microglia. The largest and the 
most numerous cells in the central nervous system (the 
brain and spinal cord) − are the astrocytes. The name 
“astrocyte” is derived from these glial cells’ 
appearance, an irregular shape with many long 
processes, and it originates from Latin, meaning “star 
cell”. These highly abundant glial cells constitute a 
majority of the cells in the brain, outnumbering 
neurons by about ten to one. The astrocytes were for a 
long time thought to be merely a kind of tissue glue 
that held the brain together, and were dismissed as 
having no other function of importance than supporting 
and nourishing neurons. This opinion about astrocytes 
as passive cells might have been partly based on the 
fact that the star cells, unlike neurons, lack the ability 
to generate action potentials and thus cannot 

communicate via propagating electrical activity, but do 
so with a rise in cytosolic Ca2+-levels, and only become 
depolarized. Today it has been established, that 
astrocytes have a variety of different important 
functions within the brain and spinal cord. For 
example, they modulate the function of neurotrophic 
factors and remove neurotransmitters from the synaptic 
cleft, they directly and indirectly contribute to the 
blood-brain barrier, regulate the extracellular ionic and 
chemical environment, and reactive, activated 
astrocytes (along with microglia), respond to injury by 
forming glial scars.  

Depending on, among other things, their 
localization in the CNS and their morphology, 
astrocytes are classically divided into different 
subgroups; the astrocytes of the grey matter are flat 
with numerous short and highly branched cytoplasmic 
processes and are called protoplasmic astrocytes, whilst 
the astrocytes of the white matter are star shaped, with 
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relatively straight cytoplasmic processes and are called 
fibrous astrocytes.  The grey matter astrocytes are also 
referred to as type 1 astrocytes, whereas the fibrous 
astrocytes of the white matter consequently are called 
type 2 astrocytes. White and grey matter astrocytes 
have often been looked upon as being equal in almost 
all respects, and even though they share many 
properties, they are also different in other aspects than 
merely their appearance and localization in the CNS. It 
was suggested that white and grey matter astrocytes in 
the CNS have different functions. Grey astrocytes are 
localized in the vicinity of neuronal cell bodies and 
surround synaptic contacts, whilst white matter 
astrocytes are located along axons and participate in 
separation of myelinated and non-myelinated fibres. 

In case of injury to the CNS, different types of 
astrocytes could react differently. They produce 
different proteins, which act to repair and protect the 
brain and spinal cord. 

The GFAP, Glial Fibrillary Acidic Protein, is an 
intermediate-filament (IF) protein of 52 kD, that is 
highly specific for cells of astroglial lineage, and 
exclusively produced in the CNS by astroglial cells. 
GFAP is, as the major intermediate filament in 
astrocytes, a good marker of astroglia in the brain and 
spinal cord. IFs are components of the cytoskeleton, 
and are specific for individual cell types, suggesting 
that the IF type in a cell is fundamentally related to its 
function. GFAP is 1 of the 4 isotypes in the type III, 
vimentin-related, class of the intermediate filament 
family1. When astrocytes are involved in CNS 
pathologies such as trauma and neuro-degeneration, 
they change their morphology as well as their 
expression of many genes, including the genes 
encoding GFAP. When responding to pathologies in 
the central nervous system, astrocytes undergo reactive 
gliosis; their appearance changes characteristic-cally, 
and their cellular processes become hypertrophied. 
This phenomenon is due to an up-regulated production 
of IFs and an increased expression of GFAP2. The IF-
proteins increase the mechanical resistance of cells and 
tissues, a fact that seems to have no major 
consequences unless damage is done to the CNS, and 
their up-regulation is needed as a step in the process 
leading to activation of astrocytes and the proper 
formation of a glial scar3. 

Mts1, also known as S100A4, belongs to the S100 
protein family of small Ca2+-binding modulator 
proteins. This family of proteins was initially 
characterized as a group of abundant low molecular 
weight acidic proteins that were highly enriched in 
nervous tissue. The Mts1 protein contains 2 Ca2+-
binding regions called EF-hands. Mts1 is a 100-amino 
acid polypeptide, not including the initiating N-
terminal methionine. It’s 2 EF-hands are separated by a 

short spacer, a region of chromosomal DNA between 
genes that is not transcribed into messenger RNA and 
is of uncertain function, and the C-terminal region is 
longer than generally seen in S100-proteins4. 
Suggested functions of the S100-proteins entail 
amongst others modulation of enzyme function, cell 
adhesion, control of cell cycle progression5  and it has 
been shown to induce metastatic capability in 
otherwise non-metastatic tumour cells4. S100A4 is 
selectively expressed in white matter fibrous astrocytes 
of the brain and spinal cord of intact as well as injured 
animals, with exception of the cerebellar white matter, 
which under normal conditions completely lack 
expression of Mts16. Through performing double 
labelling with anti-Mts1 and anti-GFAP, it can be 
shown that Mts1-positive cells are astrocytes. S100A4 
is very important in degenerative processes in the white 
matter of the CNS. In several studies, Mts1 has been 
shown to be markedly up-regulated after different 
kinds of injury to the brain or spinal cord6, 7. In 
astrocytes of white matter undergoing Wallerian 
degeneration, Mts1 up-regulation is a reproducible 
characteristic6, 7. The term Wallerian degeneration 
refers to the degeneration of the distal segment of a 
peripheral nerve fibre (axon) that has been severed 
from its nutritive centres (cell body), without local 
inflammation. After injury, not only the astrocytes at 
the injury site, but also the astrocytes in the immediate 
surroundings of the site of the direct CNS injury, were 
affected. Only the white matter astrocytes are affected, 
even if the degenerating fibres terminate in grey matter 
areas. This suggests that Mts1 in adult CNS is 
exclusive for white matter and is a sensitive marker for 
myelinated pathways undergoing degeneration7. The 
fibrous astrocytes of the cerebellar white matter were 
also affected in the up-regulation of S100A4. These 
findings suggest that Mts1 has additional functions in 
repair and plasticity of the injured CNS, perhaps by 
regulating cell-cell interactions, neurite outgrowth and 
angiogenesis7. 

Clusterin, also known as ApoJ or SGP-2, is a 
highly conserved heterodimeric glycoprotein consisting 
of a pair of 40 kD subunits joined by a unique 5 
disulfide bond motif8. This protein is present in most 
organs, but primarily in epithelial cell, with some of the 
highest levels seen in the brain. It is not expressed by 
all cells in a given organ, for example in the brain. 
Clusterin mRNA is present in astrocytes and some 
neurons in a widespread but very specific pattern of 
distribution9. In contrast to the developmental changes 
in expression in many other organs, the expression of 
clusterin in the central nervous system increases during 
embryogenesis and post-natal life9. Among this 
multifunctional protein’s many widespread functions 
are also complement inhibition and regulation as well 
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as playing a role in reproduction10, 8. As a response to 
injury to the CNS such as deafferentiation, axotomy, 
inflammation, and peripheral nerve lesions, clusterin is 
up-regulated, and recently a neuroprotective function 
as a secreted chaperon for this protein has been 
suggested because it is similar to heat shock proteins11. 
Up-regulated clusterin expression is found in a variety 
of disease states and during pathological stress, 
including heat shock, where clusterin acts in the same 
way as small heat shock proteins (sHSP) to prevent 
protein precipitation and protect cells from heat and 
other stresses12. 

Parkin is with its 1.5 MB one of the largest genes 
of the human genome. It comprises twelve exons 
encoding a 465 amino acid protein with a molecular 
mass of 52 kD. The NH2-terminal 76 amino acids of 
the parkin protein are 62% homologous to ubiquitin13. 
Parkin can act as an ubiquitin E3 ligase, and thereby be 
responsible for the addition of ubiquitin on specific 
substrates13. The E3 ubiquitin ligases together with the 
activating E1 and often with the conjugating E2 
enzymes catalyze the conjugation of ubiquitin chains to 
cytoplasmic proteins targeted for degradation in the 
26S proteasome complex, thus regulating important 
cellular processes such as cell cycle, cell death and cell 
differentiation14. In addition, Parkin may play a more 
general role in the ubiquitin proteasomal pathway by 
participating in removing abnormally folded or 
damaged proteins15. Inactivating mutations of the 
parkin gene cause PARK2 autosomal recessive juvenile 
Parkinsonism (AR-JP)14. This protein’s function in 
damage to the CNS is yet to be established. 

In the present study, the possible co-localization of 
the astrocytic proteins GFAP, Mts1, clusterin, and 
Parkin is immunohistochemically examined after injury 
to the CNS. Parkin was also semi-quantitatively tested 
for up-regulation. 
 
MATERIAL 
Sprague-Dawley rats were given laboratory chow and 
tap water ad libitum. The rats were deeply anesthetized 
with 3% chloralhydrate, 1.2 ml/200 g body weight, 
intraperitoneally prior to all experimental procedures. 
The studies were approved by the Uppsala county 
regional committee for research on animals and carried 
out in accordance with the policy of the Society for 
Neuroscience.  
 
Sections 
1.  The animals were subjected to either transection of 
the right hypoglossal nerve at its branching under the 
posterior belly of the digastric muscle, or to avulsion of 
the hypoglossal nerve. Four rats were subjected to 
hypoglossal nerve transection and allowed to survive 
for one (n=2) or two (n=2) weeks. Four rats were 

subjected to hypoglossal nerve avulsion, and allowed 
to survive for one (n=2) or two (n=2) weeks. After the 
appropriate survival time, animals were re-anesthetized 
and perfused via the left ventricle with saline (37 °C) 
followed by a fixative solution consisting of 4 % 
formaldehyde (w/v) and 14 % of a saturated picric acid 
solution (v/v) in phosphate buffered saline (PBS); 0.15 
M, pH 7.4, 4 °C. The caudal brainstem containing the 
hypoglossal nucleus was immediately dissected out and 
post-fixed in the same fixative for 4 hours and 
cryoprotected overnight in a solution of 10 % (w/v) 
sucrose in phosphate buffer (4 °C). After fixation, 
transverse cryostat sections (14 μm) were made from 
the part of the brainstem containing the hypoglossal 
nucleus. Slides were processed for 
immunohistochemistry. 
2.  Rats were subjected to removal of the L4 and L5 
dorsal root ganglia, and allowed to survive for 17 
months. After this survival time, rats were perfused and 
fixed, in the same way as mentioned in the above 
experiment. Transverse sections were made, and slides 
were processed for immunohistochemistry. 
3.  Rats were subjected to removal of the left dorsal 
root ganglia L4 and L5 and allowed to survive for 3 
months. They were then treated as in the above 
mentioned experiments. 
4.  Astrocytes from white and grey matter were 
cultured for 1 week on polylysine-treated cover slips. 
Coverslips were fixed and processed for 
immunohistochemistry. 
 
Antibodies 
Primary antibodies 
The anti-GFAP monoclonal mouse antibody (MAB 
360) from Chemicon International was used to stain 
intermediate filaments in astrocytes and was used at the 
concentration 1:400 to classify cells as such. The anti-
Mts1 used here was a polyclonal antibody produced in 
rabbit used at the concentration 1:700. This was a kind 
gift from Eugene Lukanidin, Danish Cancer Society, 
Division for Cancer Biology, Department of Molecular 
Cancer Biology, Copenhagen, Denmark. The anti-
clusterin antibody used in this study at the 
concentration 1:100 was a monoclonal mouse antibody 
from Upstate Biotechnology (catalog number 05-355). 
Par-126 (1.05 mg/ml) and Par-C1 (0.62 mg/ml) 
polyclonal antibodies (rabbit) were  kind gifts from 
Poul Henning Jensen, head, professor, Department of 
Medical Biochemistry, Faculty of Health Sciences at 
the University of Aarhus, Denmark, and were not 
available commercially. The antibodies against the N-
terminal 126 residues, Par-126, and the C-terminal 50 
residues, Par-C1, have been raised against recombinant 
parkin peptides that have been expressed and purified 
from E. coli and subsequently affinity purified on 
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columns with the antigenic peptide. The specificity and 
sensitivity of these antibodies have not yet been 
published. The parkin antibodies were used at 
concentrations ranging from 1:500-1:8000 (for more 
details see Table 1). 
 
Secondary antibodies 
AMCA-, or 7-amino-4-methylcoumarin-3-acetic acid -
labelled antibody was applied at concentration 1:100, 
and were from Jackson Immuno Research Laboratories 
Inc. They were anti-mouse antibodies made in donkey. 
2 types of fluorescein-isothiocyanat-, or FITC-
conjugated secondary antibodies were used: goat α 
rabbit (SIGMA) and donkey α rabbit (Jackson Immuno 
Research Laboratories Inc.). The donkey α rabbit 
antibody was always used at the concentration 1:100, 
whereas the goat α rabbit antibody almost always was 
used at the concentration 1:100, but sometimes also at 
the concentration 1:200 (for details see Table 1). The 
Texas Red-conjugated secondary antibody was a 
donkey α mouse, and bought from Jackson Immuno 
Research Laboratories Inc. It was applied at 
concentration 1:80. The Vectastain ABC kit from 
Vector Laboratories Inc. was used as the avidin-biotin-
peroxidase complex before staining with DAB. For 
staining with DAB, the Peroxidase substrate kit, DAB, 
SK-4100 from Vector Laboratories Inc. was also used. 
 
METHODS 
Astrocyte preparation 
The astrocytes were prepared essentially as described 
by Kozlova and Takenaga16, with the exception that 
astrocytes from both grey and white matter were 
prepared. The cells were seeded on pre-polylysine 
treated cover slips at the concentration of 200 000 
cells/ml. 
 
Polylysine treatment 
Glass cover slips (Ø=12 mm) were used. The cover 
slips were first rinsed 3 times in 5 ml water, and then in 
2 beakers with 70 % ethanol. They were stored in 70 % 
ethanol. The glasses were subsequently moved to a 
Petri dish containing 95 % ethanol. One by one they 
were dried on flame and put to culture wells in 
multiwell plates. 25 μl polylysine (0.1 M) were 
dropped onto each slip. The slips were incubated for 30 
minutes, and then rinsed 3 times with 1 ml sterile 
water. The lid was left half open for 30 minutes so the 
slips could dry. All work was performed in a laminar 
flow hood. 
 
Staining 
Fluorescently labelled antibodies 
The sections were thawed at room temperature until 
water condensation on the slides had disappeared. 

Preincubation solution (1 % bovine serum albumin 
(BSA), 0.3 %  Triton X-100 (w/v) and 0.1 % sodium 
azide (w/v) in PBS) was gently put on top of each slide 
before staining with the primary antibodies. After 
preincubation, the blocking solution was removed and 
replaced with primary antibodies. The sections were 
treated with primary antibodies or antibody 
combinations against Par-126, Par-C1 or Mts1 and 
clusterin, all diluted in the above mentioned 
preincubation solution. For washing after the primary 
and secondary antibody treatment, PBS was used. The 
sections were on all occasions washed 3 times for 10 
minutes each time (below only referred to as washing). 
After the washing following the primary antibody 
incubation, the secondary antibodies were applied. For 
secondary antibodies FITC alone, or a combination of 
FITC and Texas Red was used. After having been 
washed, the slips were mounted using propylgallate 
(2 % in 1:1 solution of PBS:glycerol). The stainings 
were then visualized in a Nikon Eclipse fluorescence 
microscope. 
 
HRP-labelled antibodies 
The stainings were performed as described above 
except or antibodies used. Here sections were 
incubated with biotinylated IgGs, after which they 
were incubated with an avidin-biotin-peroxidase 
complex (Vectastain ABC kit). After an additional 
round of washing, the sections were developed in a 
mixture containing Tris-imidazole buffer, the 
chromagene 3,3’-diaminobenzidine tetrahydrochloride 
(DAB) along with H2O2. (Peroxidase substrate kit). 
The kit instructions were followed, with the exception, 
that no nickel(II)sulfate was added to the mixture. The 
reaction was stopped. Sections were then again washed 
and subsequently mounted using propylgallate (same 
as above). The stainings were visualized using ordinary 
light microscopy. 
 
Triple-staining with GFAP 
The hypoglossal nerve avulsion was after staining with 
anti-Mts1 and anti-clusterin also stained with anti-
GFAP. The glass with sections and cover slip was put 
in PBS for 10 minutes to make it possible to remove 
the cover slip. The cover slip was removed, and the 
primary antibody against GFAP was gently put on top 
and the section was incubated. The glass was washed 
and subsequently secondary AMCA-antibodies were 
added for incubation. The sections were then washed 
again, and finally re-mounted using propylgallate 
(same as above). 
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RESULTS 
Experiments were performed immunohisto-chemically 
according to Table 1. 
When the motor neurons of the hypoglossal nucleus 
were subjected to nerve avulsion and deprived of their 
contact with their peripheral targets, they started to die. 
One week after avulsion, no signs of cell death were 
seen, but after two weeks there was an up-regulation of 
clusterin in motorneurons, as well as of Mts1 in white 
matter astrocytes and in cells surrounding clusterin-
positive motor-neurons. To determine which cells in 

grey matter that expressed Mts1, triple-staining with 
GFAP was used. Our results showed that the cells 
surrounding the clusterin-positive motorneurons were 
astrocytes. Mts1 did not only appear in direct contact 
with the clusterin-positive motorneurons, but was also 
seen as a shadow in a larger area surrounding the dying 
cells (see Figure 1 and 2). No results were obtained 
using the parkin antibodies, neither on cultured 
astrocytes, nor on sections of tissue, though applied at 
different concentrations, preincubation times, and 
temperatures (see Table 1). 

 
Table 1. Section staining 

2 WEEKS AFTER HYPOGLOSSAL NERVE AVULSION 
Number of 
sections stained 

Incubation time 
and temperature 

Primary 
antibody 

Secondary 
antibody Results 

1 section Par-126 1:500 FITC* Negative 
1 section Par-C1 1:500 FITC* Negative 

1 section 

24 hours in 4 °C 
 Mts1 and clust., 

and GFAP  
FITC* and TR, 
and AMCA  Positive 

1 WEEK AFTER HYPOGLOSSAL NERVE TRANSECTION 
Number of 
sections stained 

Incubation time 
and temperature 

Primary 
antibody 

Secondary 
antibody Results 

1 section Par-126 1:500 FITC* Negative 
1 section Par-C1 1:500 FITC* Negative 
1 section 

24 hours in 4 °C 
Mts1 and clust.  FITC* and TR  Positive 

3 MONTHS AFTER REMOVAL OF LEFT DORSAL ROOT GANGLIA L4 & L5 
Number of 
sections stained 

Incubation time 
and temperature 

Primary 
antibody 

Secondary 
antibody Results 

1 section 48 hours in 48 °C Par-126 1:1000 DAB Negative 
1 section 48 hours in 4 °C Par-126 1:1000 FITC *** Negative 
1 section Par-126 1:500 FITC* Negative 
1 section Par-C1 1:500 FITC* Negative 
1 section 

24 hours in 4 °C 
Mts1, and clust.  FITC* and TR  Positive 

17 MONTHS AFTER REMOVAL OF DORSAL ROOT GANGLIA L4 & L5 
Number of 
sections stained 

Incubation time 
and temperature 

Primary 
antibody 

Secondary 
antibody Results 

1 section 48 hours in 48 °C Par-126 1:1000 DAB Negative 
1 section 48 hours in 4 °C Par-126 1:1000 FITC*** Negative 
1 section Par-126 1:500 FITC* Negative 
1 section Par-C1 1:500 FITC* Negative 
1 section 

24 hours in 4 °C 
Mts1 and clust.  FITC* and TR  Positive 

GREY AND WHITE MATTER CULTURED ASTROCYTES 
Number of 
sections stained 

Incubation time 
and temperature 

Primary 
antibody 

Secondary 
antibody Results 

3 sections (white) 24 hours in 4 °C Par-126 1:2000, 
1:3000, 1:4000 

FITC ** 
 Negative 

2 sections (grey) 24 hours in 4 °C Par-126 1:3000, 
1:8000 

FITC** 
 Negative 

1 section (white) 24 hours in 4 °C Mts1 and GFAP FITC** and TR  Positive 
1 section (grey) 24 hours in 4 °C Mts1 and GFAP  FITC** and TR  Positive 

* FITC goat α rabbit 1:100, ** FITC goat α rabbit 1:200, *** FITC donkey α rabbit 1:100, TR=Texas Red, 
clust.=clusterin 
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Fig. 1. The hypoglossal nerve was subjected to avulsion (time of injury). Due to the deprivation of contact with their peripheral targets, the motor 
neurons started to die. After 1 week, no signs of cell death could be seen, but after 2 weeks, there was an up-regulation of Mts1 as well as of clusterin 
with the Mts1 expressing cells surrounding the clusterin positive cells. The Mts1 positive cells were co-labelled with GFAP and thus identified as 
astrocytes. Mts1 was not only expressed in direct contact with the dying cells, but also in a larger area surrounding the dying motor neurons, which 
suggests that Mts1 is secreted and has a neuroprotective function. 
 

Operated 
side 

Non-
operated 
side

Clusterin Mts1 GFAP

 
Fig. 2. The up-regulations of the astrocytic proteins Mts1, GFAP and clusterin can be seen on the operated side of the brainstem.

 6



DISCUSSION 
There were problems with the antibodies against 
Parkin. They did not give any positive results at all, 
even though different techniques, incubation times, and 
incubation temperatures were applied. This loss of their 
ability to function could be due to the rough long 
transportation without cooling through ordinary mail 
that the antibodies were subjected to when sent to us, 
even though these polyclonal antibodies are thought to 
be rather robust. These particular antibodies have been 
shown to work in previous experiments (personal 
communication, unpublished). The Parkin protein has 
by others been shown immunohistochemically to be 
widespread throughout the rat brain17, and in the brain 
of closely related species18, and it has also been 
detected in cultured cells19, so the failure in detecting it 
was not due to the protein not being present, but of the 
antibodies not binding. Since the Parkin expression in 
the brain is well documented, control staining was 
performed on  corresponding sections from brain to 
determine whether the absence of results in the spinal 
cord might be due to the fact that the protein is not as 
heavily expressed there as in the brain. This control 
staining was however also without results (not shown). 
The antibodies used in this study were raised against 
recombinant Parkin peptides that were expressed and 
purified from E. coli and subsequently affinity purified 
on columns with the antigenic peptide. Others 
(Ledesma et al, 2002) have successfully detected 
parkin using antibodies from immunisation of rabbits 
with synthetic peptides corresponding to the same 
amino acid residues as those used here19, indicating 
that these parts of Parkin are exposed for antibody 
detection. 

Due to the unfortunate fact that the anti-parkin 
antibodies gave no results, the possible co-localization 
of the parkin protein with Mts1, GFAP and clusterin 
remains elusive. To be able to investigate the function 
of Parkin in relation to other astrocytic proteins in the 
case of injury to the CNS, other antibodies should be 
used, or the antibodies should be transported in a way 
that guarantees that they will function upon arrival. 

The positive double-stainings with Mts1 and 
GFAP only confirmed what was already known about 
these 2 proteins’ co-localization in astrocytes of the 
white matter, and they were meant to be used as 
references to the staining with Parkin on the 
corresponding sections, had it worked.  

Neurons are the most important cells in the 
nervous system. All signalling from the periphery to 
the central parts of our body, or in the opposite 
direction, goes through neuronal pathways. But 
regardless of their great importance, neurons cannot 
function without the support of astrocytes. Astrocytes 

assist the neurons in supplying nutrients from the blood 
and improve the speed with which neurons can signal 
one another. When the nervous system is subjected to 
disease or injury, astrocytes help the neurons, and the 
nervous system in general, to survive. For example, it 
is difficult to make neurons survive in vitro, and it is 
even more difficult to make them differentiate into the 
specific neuron type desired. However, if these neurons 
are grown on type 1 astrocytes taken from the same 
area as the neurons at the time when neurons start do 
differentiate, they grow very well, and develop into the 
desired type of neurons normally present in this 
particular part of the brain20. 

During astrogliosis many important molecules 
necessary for survival, for example neurotrophic 
factors, are up-regulated in astrocytes. Here we studied 
some proteins recently found in astrocytes: Mts1, 
which is very important in degenerative processes in 
the white matter of the CNS, clusterin with its 
neuroprotective function working as a sHSP, parkin, 
that with its E3 ubiquitin ligase activity regulates 
important cellular processes and removes abnormally 
folded or damaged proteins, and the marker for 
astrocytes, GFAP, that is exclusively produced in the 
CNS by astroglial cells. Since Mts1 did not only appear 
in direct contact with the clusterin-positive 
motorneurons, but was also seen as a shadow in a 
larger area surrounding the dying cells, we suggest that 
Mts1 is secreted, and that it has a neuroprotective 
function, helping the motorneurons survive.  

Amyotrophic lateral sclerosis, ALS, is a 
progressive neurodegenerative disease primarily 
confined to motor neurons. Neuropathologically, this 
progressive disease is characterized by a large loss of 
motor neurons. Among other structures, the 
hypoglossal motor nuclei in the brainstem, is known to 
be involved in ALS in humans, and it is the cranial 
nerve that has the most consistent changes observed 
among cranial nerve motor neurons. Neurons begin to 
degenerate at the onset of symptoms, for example, the 
tongue muscles innervated by the 12th cranial nerve – 
the hypoglossal nerve – are some of the first to be 
affected, resulting in inability to control the tongue 
muscles and dysphagia. However, most motor neurons 
do not die until the end stage of the clinical disease, 
suggesting that by the development of effective means, 
it would be possible to save most neurons affected by 
this disease after diagnosis. Astrocytes play an 
important role in neuronal degeneration. Many of their 
functions may be of help to the neurons trying to 
survive, but others may be equally detrimental. It is 
therefore important to understand what the connections 
are between astrogliosis and neuronal cell death in 
neurodegenerative diseases. If the role of astrocytes in 
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this course of events could be understood, it might be 
valuable when trying to find a therapy to slow the rate 
at which neurons die, saving humans from the 
inevitable fate of death within a few years after having 
been diagnosed with ALS. We have in this study 
showed that the astrocytic, calcium binding protein 
Mts1 may be involved in trying to keep neurons alive, 
and that it, when doing this, is secreted and thereby 
affects a larger area than merely the individual motor 
neuron. This could be a finding of great importance 
when finding a cure or an effective treatment of ALS 
and other neurodegenerative diseases. Mts1 has been 
found to have a neuroprotective function in vitro21, and 
here we have showed that it might be so also in vivo. 
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