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Abstract

Background: Huntington's disease (HD) is a hereditary neurodegenerative disorder caused by an
expanded CAG repeat in the HD gene. Both excitotoxicity and oxidative stress have been
proposed to play important roles in the pathogenesis of HD. Since no effective treatment is
available, this study was designed to explore the therapeutic potential of erythropoietin (EPO), a
cytokine that has been found to prevent excitotoxicity, and to promote neurogenesis. To avoid the
side effects of a raised hematocrit, we used asialoerythropoietin (asialoEPO), a neuroprotective
variant of EPO that lacks erythropoietic effects in mice. R6/2 transgenic HD mice were treated with
this cytokine from five to twelve weeks of age.

Results: We provide new evidence that cell proliferation in the dentate gyrus of the R6/2
hippocampus is reduced by 50% compared to wild-type littermate controls. However, we found
that the asialoEPO treatment did not affect the progression of motor symptoms, weight loss or the
neuropathological changes. Furthermore, cell proliferation was not enhanced.

Conclusions: We conclude that the chosen protocol of asialoEPO treatment is ineffective in the
R6/2 model of HD. We suggest that reduced hippocampal cell proliferation may be an important
and novel neuropathological feature in R6 HD mice that could be assessed when evaluating
potential therapies.

Background

Huntington's disease (HD) is an autosomal dominant
hereditary disorder caused by the expansion of a CAG
repeat in the HD gene [1]. Affected patients display per-
sonality changes and depression before the onset of
motor symptoms that include chorea and bradykinesia.
Progressive dementia and body weight loss then follow.
Death usually occurs within 15-20 years from the onset of
symptoms. The neuropathology is characterized by the

development of neuronal intranuclear inclusions (NII)
containing huntingtin in a subset of neurons and by neu-
ronal death, particularly in the striatum and cerebral cor-
tex. It is thought that the neurons are dysfunctional for
many years before they finally succumb to the disease [2].
The pathogenetic mechanisms in HD are far from under-
stood, but have been suggested to involve excitotoxicity
and oxidative stress [3] and possibly an impairment of the
ubiquitin proteasome system [4].
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There is still no satisfactory treatment for HD. The R6/2
mouse, that expresses exon 1 of the human HD gene with
an expanded CAG trinucleotide repeat (around 150 CAG
repeats) [5], is the most studied transgenic mouse model
of HD [6]. This model exhibits decreased striatal and total
brain size [5,7], ubiquitinated nuclear and cytoplasmic
inclusion bodies [8], altered levels of neurotransmitters
[9] and their receptors [10], decreased expression of stri-
atal signaling genes [11], and progressive motor [12] and
cognitive deficits [13,14]. There is relatively little, if any,
neuronal death in the brains of R6/2 mice [15,16], but
there is widespread loss of retinal ganglion neurons [17].

Erythropoietin (EPO), originally discovered as kidney-
produced cytokine regulating haematopoiesis, has been
found to enter the brain after peripheral administration,
and to be endowed with potent neuroprotective efficacy.
It has receptors in brain tissue [18,19] and beneficial phar-
macological effects were described in models of focal
ischemia, spinal cord injury, retinal injury, brain trauma
and subarachnoid hemorrhage, and also a human phase
II stroke study [20-27]. Chronic administration of EPO is
linked to the side effects of a dramatically raised hemat-
ocrit. Such side effects are not observed upon use of the
natural EPO metabolite asialoerythropoietin (asia-
10EPO), a molecule that otherwise has the same neuro-
protective potency as EPO in several animal models of
disease [28]. Similar to EPO, asialoEPO has the capacity to
cross the intact blood brain barrier [28]. We were inter-
ested in studying whether stimulation of EPO-related sig-
naling pathways would have beneficial effects in R6/2 HD
mice. We used asialoEPO to selectively trigger the brain
EPO receptor in this chronic dosing study. The cytokine
asialoEPO was administered three times weekly to R6/2
mice from 5 weeks until 12 weeks of age. The effect of the
compound was analyzed with regard to the development
of motor symptoms, weight loss, neuropathology and
impaired cell proliferation. We found that cell prolifera-
tion in the dentate gyrus of the hippocampus, one of the
neurogenic zones in the adult brain, was reduced in R6/2
mice, however the asialoEPO treatment did not exert any
beneficial effects in this HD mouse model.

Results

Administration of asialoEPO does not dffect the
behavioral phenotype in R6/2 mice

Mice were assessed weekly from 5 to 12 weeks of age on
the rotarod (Fig. 1A). There was no significant effect of
asialoEPO on the development of motor deficits in the
R6/2 mice as expressed by reduced time spent on the
rotarod. The mice were also assessed regarding motor
activity in an open field at 10 and 12 weeks of age (Table
1). AsialoEPO did not affect the reduced movement dis-
played by the R6/2 mice at either of these time points.
Mice were assessed weekly with regard to their develop-
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ment of a paw clasping behavior. No wild-type mice
showed any signs of clasping. Around 80% of the R6/2
mice in both groups scored one point in clasping at week
7. Atweek 10, all R6/2 mice scored two points in clasping.
However, asialoEPO treatment had no effect on the clasp-
ing behavior.

No effect of asialoEPO on the loss of body weight

An important symptom in R6/2 mice is lack of the pro-
gressive body weight gain that occurs in wild-type litter-
mates. The weight of the mice was assessed weekly from 5
to 12 weeks of age. AsialoEPO treatment did not affect the
reduced body weight in the R6/2 mice (Fig. 1B).

AsialoEPO treatment does not affect neuropathological
features in R6/2 mice

The neuropathological characteristics of R6/2 mice
include NIIs of mutant huntingtin, which can be assessed
using the EM48 antibody [29]. All neuropathological
analyses were performed in R6/2 and wild-type mice at
the age of 12 weeks. In the five striatal sections assessed
per mouse, there were around 426000 + 31000 NIIs in the
vehicle-treated R6/2 mice and 407000 + 45000 inclusions
in the asialoEPO-treated mice (Student's test, n.s.). The
unilateral striatal volume, assessed in the medial part of
the striatum at the level of the appearance of the posterior
anterior commissure, measured 8.23 + 0.53 mm3 in wild-
type mice, 5.14 + 0.21 mm?3 in vehicle-treated R6/2 mice
and 5.26 + 0.07 mm?3 in asialoEPO-treated R6/2 mice. A
one-factor analysis of variance (ANOVA) revealed a signif-
icant difference between both R6/2 groups and the wild-
type control group (F (2, 6) = 29.01, p < 0.005 using Bon-
ferroni-Dunn post-hoc test) but no difference between
vehicle-treated and asialoEPO-treated R6/2 mice (p >
0.05). The cross mean sectional area of neurons exhibiting
dopamine and cAMP regulated phosphoprotein of a
molecular weight of 32 kDa (DARPP-32)-immunostain-
ing was 78 + 6 um?2in wild-type mice, 55 + 3 um?2 in vehi-
cle-treated R6/2 mice and 59 + 1 pm?2in asialoEPO-treated
R6/2 mice. Again, there was a significant difference
between both R6/2 groups and the wild-type group (one
factor ANOVA (F (2, 6) =9.64, p < 0.05, Bonferroni-Dunn
post hoc test) but no difference between asialoEPO- and
vehicle-treated R6/2 mice (p > 0.05).

Reduced BrdU labeling in R6/2 mouse brains, but no
increase by asialoEPO administration

We injected bromodeoxyuridine (BrdU) in the R6/2 mice
during the last six days of survival to investigate whether
the proliferation of cells in neurogenic regions of the
brain was altered in R6/2 mice and if asialoEPO would
affect the rate of cell proliferation. BrdU incorporates into
cells undertaking DNA synthesis and therefore labels pro-
liferating cells. Proliferation of neuronal progenitors, i.e.
neurogenesis has been found to occur mainly in the
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No effect of asialoEPO on the decline in rotarod per-
formance or body weight in R6/2 mice. Mice were
tested weekly on the rotarod for 3 trials of 180 s each, with
the speed of |5 rpm. The value of the mean latency to fall for
these three trials was then compared between the mice. The
testing began at 5 weeks and continued until 12 weeks of age.
The data was analyzed using a two factor repeated measures
ANOVA that revealed a significant difference between the
groups (F (2, 96) = 16.61, p = 0.0001) and a significant effect
of time (F (6, 96) = 4.16, p = 0.0009). However, administra-
tion of asialoEPO 3 times weekly from 5 to 12 weeks of age
did not significantly affect the decline in rotarod performance
in R6/2 mice (A). The mice were also weighed weekly from 5
to |12 weeks of age (B). The data were analyzed using a two
factor repeated measures ANOVA that revealed a significant
effect of time (F (6, 96) = 1.55, p < 0.0001) and significant dif-
ference in the weight over time between the groups (F (12,
96) = 1.32, p < 0.0001). However, there was no effect of
asialoEPO on the progressive reduction in body weight in
R6/2 mice (F (2, 96) = 1.47, p > 0.05).
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olfactory bulb, the subependymal layer in the subven-
tricular zone, and in the dentate gyrus of the hippocam-
pus. In the subependymal layer, BrdU labeled cells were
assessed in 5 sections/mouse. In this region, there was
only a trend towards a reduced number of BrdU labeled
cells in R6/2 mice compared to their wild-type littermates
at the age of 12 weeks (Fig. 2A). In the dentate gyrus, we
found that there was a reduced number of BrdU labeled
cells in R6/2 mice compared to the wild-type mice (Fig. 2B
and 3). However, the administration of asialoEPO, which
has been shown to have neurogenic properties [30], was
not able to reverse this. Stereological assessment of the
total number of neuronal nuclei (NeuN)-positive neurons
in the dentate gyrus revealed that there were 117000 +
15000 neurons in wild-type mice, 142000 + 5000 neu-
rons in vehicle-treated R6/2 mice and 158000 + 20000
neurons in asialoEPO-treated R6/2 mice (one factor
ANOVAF (2,9) = 1.91, p > 0.05).

Discussion

There is still no satisfactory treatment available for HD,
nor are the underlying disease mechanisms known. Exci-
totoxicity and oxidative stress have been suggested to be
involved in the pathogenesis, and administration of EPO
has been shown to be protective against such insults. We
therefore studied whether asialoEPO, an EPO analogue,
exerts beneficial effects in R6/2 HD mice. We injected R6/
2 mice 3 times weekly with asialoEPO from five to twelve
weeks of age, and assessed the effects of the treatment by
analyzing rotarod; paw clasping; general activity in the
open field; body weight; the frequency of striatal hunting-
tin inclusions; cross sectional area of striatal projection
neurons; volume of the striatum; and the number of pro-
liferating cells in two neurogenic brain regions. We did
not detect beneficial effects of the synthetic analogue of
EPO in any of the assessed parameters. However, we did
not measure whether asialoEPO provided neuroprotec-
tion of retinal ganglion cells, which are known to die in
R6/2 mice [17], and future studies to examine this possi-
bility are warranted.

There may be several reasons why asialoEPO did not have
any effect in the R6/2 mice. It has previously been shown
that EPO has neuroprotective effects in acute neurodegen-
erative paradigms, such as hypoxia and ischemia
[20,24,31]. The only study published so far with asia-
loEPO also focused on acute models [28]. However, the
R6/2 model provides a chronic neuropathological model
without any cell death. Moreover, one of the proposed
neuroprotective mechanisms for EPO relies upon a func-
tional transcriptional machinery. EPO is thought to acti-
vate EPO receptors that are linked to the Janus kinase 2
(Jak2) pathway. The activation of this pathway has been
linked to the activation and nuclear translocation of
nuclear factor-kB (NFkB), which once in the nucleus, can
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Table I: No effect of asialoEPO on the progressive reduction in activity in R6/2 mice. The activity of the mice was assessed at 10 and 12
weeks of age in an open field. The open field was divided into 25 equal squares of 5 X 5 cm each. The number of entered squares during
2 min was assessed as a measure of general activity. The data was analyzed using a two-factor repeated measures ANOVA. There was
a significant difference between the three groups (F = 1.37, p = 0.0004) and a time versus group interaction (F = 4.30, p < 0.05). However,
there was no difference between the vehicle- and asialoEPO-treated R6/2 mice at neither timepoints (Student's t-test, n. s.)

Age (weeks) wt R6/2 vehicle Ré6/2 + asialoEPO
n 7 5 6

10 66 % 12 44+ 14 20+ 10

12 75+7 I1+5 12+7

lead to the up-regulation of neuroprotective genes (e.g.,
the caspase inhibitors: X-linked inhibitor of apoptosis
proteins, XIAP, and cellular inhibitor of apoptosis pro-
teins-2, c-IAP2) [32]. There are several studies showing
transcriptional abnormalities in R6/2 mice [11]. There-
fore, it is possible that EPO can not induce the necessary
up-regulation of neuroprotective genes that would be
needed in order to exert its neuroprotective effect.

Several other compounds have been found to exert mod-
erate ameliorative effects on the behavior and neuropa-
thology of R6/2 mice and increase their survival with up
to 15% [33-36]. Although the pathological events under-
lying the development of a phenotype in the R6/2 mice
are not fully understood, those studies demonstrate that
the mouse model is in principle amenable to therapy.

Adult hippocampal neurogenesis was described already
forty years ago, but it is only recently that this phenome-
non has been accepted fully [37,38]. Proliferation and
maturation of neurons are now known to occur in specific
regions of the adult brain; i.e. the olfactory bulb, the sub-
ependymal layer and the dentate gyrus of the hippocam-
pus. Although the functional impact of adult
neurogenesis is not yet known, it has been suggested to be
involved in important neuronal functions such as learn-
ing and memory. It is a highly dynamic process with a
number of controlling factors and regulators [38-40].
Briefly, it can be upregulated by enriched environment,
exercise, learning, estrogen, antidepressant drugs, electro-
convulsive therapy and delivery of growth factors such as
brain derived neurotrophic factor (BDNF) and insulin
growth factor 1 (IGF1). It is downregulated by stress, glu-
cocorticoids, inflammation, excitotoxicity, opiate intake,
and during aging. The underlying molecular mechanisms
controlling neurogenesis are not fully understood, but
may involve activation of the cAMP response-element
binding protein (CREB) cascade. Neurogenesis in the
adult brain provides a thrilling possibility to manipulate
the endogenous restorative capacity in neurodegenerative
disorders. Also, it is not fully explored if or to what extent
the neurogenic process is altered in neurodegenerative

diseases and whether such changes even may contribute
to the symptomatology [41].

This study is, to the best of our knowledge, the first where
R6/2 HD mice were assessed with regard to BrdU labeling
in neurogenic zones in the brain. By following a protocol
that was aimed to evaluate cell proliferation (i.e., six days
of BrdU injection followed by perfusion of the mice 12 h
after the last injection), we found a reduction of BrdU-
positive cells in the R6/2 dentate gyrus, which is rich in
neurons. In this region, the majority (80%) of the surviv-
ing BrdU-labeled cells are known to mature into neurons
[40]. BrdU is a nucleotide precursor that incorporates into
the DNA of dividing cells, and is commonly used as a
marker of cell genesis. As BrdU is a thymidine analogue, it
could also label cells that are undergoing DNA repair.
However, several experimental data argue against that
being a major contributor to the labeled cells in the den-
tate gyrus. In the dentate gyrus, mitotic cells are present in
the neurogenic zones where BrdU labeling has been
found, BrdU positive cells have been shown to mature
into neurons, irradiation reduces the amount of BrdU
labeling while DNA repair is increased, and no BrdU labe-
ling has been detected in apoptotic cells [42].

The underlying mechanism for the reduced cell prolifera-
tion in the R6/2 mice is not yet known. Recent reports
show that inflammation and microglial activation impair
hippocampal neurogenesis in rats [43,44]. However,
microglia density is decreased and their structural mor-
phology is abnormal already at 7 weeks in R6/2 mice [45],
rendering this theory less likely. Other factors, such as
stress, increased glucocorticoids and an accelerated aging
process could also be involved in reducing cell prolifera-
tion in the R6/2 mice. Alternatively, positive regulators of
neurogenesis could be decreased in the HD mice. Interest-
ingly, BDNF reductions have been found in HD patients
[46] and decreased CREB-mediated transcription has been
described in HD models [47]. However the extent of these
changes are not fully explored in R6/2 mice. Noteworthy
is that the mice in the present study had been subjected to
many weekly injections and behavioral handling, which
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Figure 2

Reduced BrdU labeling in R6/2 mice, but no reversal by asialoEPO. All mice were injected with 50 mg/kg of BrdU i.p.
every 12 h for their last six days of survival in order to assess whether asialoEPO would affect cell proliferation in the R6/2
mice at the age of 12 weeks. The number of BrdU labeled cells was assessed by stereology in the subventricular zone in five
striatal sections/mouse. In this region, there was only a trend towards a reduced number of BrdU labeled cells in R6/2 mice
compared to their wild-type littermates (A; one factor ANOVA, F (2, 16) = 1.63, n.s.). In the dentate gyrus, BrdU labeled cells
were assessed in 7-9 sections/mouse from the first anterior aspect of the structure, and the number was expressed as the
average number per section (B). The data were analyzed using a one factor ANOVA (F (2, 16) = 23.50, p < 0.0001) that
revealed a significant difference between the groups. In this region, we found that there was a reduced number of BrdU labeled
cells in R6/2 mice compared to wild-type mice (Bonferroni-Dunn post-hoc test, p < 0.0001). However, the administration of
asialoEPO was not able to reverse the reduced cell proliferation (Bonferroni-Dunn post-hoc test, p > 0.05).

Page 5 of 10

(page number not for citation purposes)



http://www.biomedcentral.com/1471-2202/5/17

BMC Neuroscience 2004, 5

Figure 3

BrdU labeled cells in the dentate gyrus of the hippocampus. Photomicrographs showing representative NeuN staining
of the dentate gyrus in a wild-type (A), a vehicle-treated R6/2 (B) and an asialoEPO-treated R6/2 (C) mouse of 12 weeks of age.
Photomicrographs showing representative BrdU labeling in adjacent sections of the dentate gyrus in a wild-type (D), a vehicle-

treated R6/2 (E) and an asialoEPO-treated R6/2 (F) mouse. Scale bar 100 um.
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could both be stimulating in a similar fashion as enriched
environment, or stressful in a harmful way. Enriched envi-
ronment and stress have been shown to affect neurogene-
sis in opposite directions [40,48]. In order to investigate
to what extent neurogenesis is affected in R6/2 mice and
at what disease stage the change occurs, mice that are not
subjected to handling nor testing should be used. It will
then be important to consider whether the reduced BrdU
labeling is indeed due to a decreased number of prolifer-
ating cells or if it is a result of an increased death rate of
the proliferating cells. It may be that the turnover of neu-
rons is reduced in the R6/2 dentate gyrus, without affect-
ing the net number of neurons. In support of this is the
absence of a difference in total neuronal number in the
dentate gyrus between R6/2 and wild-type mice in this
study.

It is possible that altered neurogenesis is an important
pathological hallmark in HD. Recently it was reported
that there is an increased number of proliferating cells in
the subependymal layer adjacent to the striatum of HD
brains [49]. These cells were stained with the cell cycle
marker proliferating cell nuclear antigen (PCNA) and
50% of the cells were found to coexpress glial fibrilliary
acidic protein (GFAP) and only 5% expressed the neuro-
nal marker BIlI-tubulin [49]. The neurogenesis in the den-
tate gyrus was never examined in the human HD brains.
However, the relationship between our data using BrdU
labeling and the published human data based on PCNA
immunohistochemistry is unclear at this point.

In this study, there was no effect of asialoEPO on the
reduced BrdU labeling in the R6/2 mice. There are only a
few studies on the role of EPO in neurogenesis in the lit-
erature today. It has been shown that EPO receptors are
important for normal brain development and that lack of
EPO receptors results in less neuronal progenitor cells
[50]. Interestingly, the effect of EPO may be region-
dependent as infusion of EPO into the lateral ventricles of
rats decreased the number of BrdU labeled cells in the
subventricular zone but had the opposite effect in the
olfactory bulb [30].

Conclusions

To summarize, the EPO analogue asialoEPO at the dosing
protocol used here, is ineffective in the R6/2 model of HD.
However, a definite conclusion regarding the lack of asia-
1oEPO effects in R6/2 mice awaits future studies in the ret-
ina. Reduced hippocampal BrdU labeling in end-stage R6/
2 mice is a novel, and maybe, important neuropathologi-
cal feature in these mice. Future studies will shed light on
the significance of this alteration and may facilitate the
understanding of the pathological process in HD.
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Methods

Transgenic animals and body weight measurements
Transgenic HD mice of the R6/2 line were originally pur-
chased from Jackson Laboratories (Bar Harbor, ME, USA)
and the colony was maintained by breeding heterozygous
R6/2 males with females from their background strain (F1
of CBA x C57BIl/6). Tails of the offspring were used to
obtain DNA for determination of the genotype using a
polymerase chain reaction assay [5]. The length of the
CAG repeat in our R6/2 colony was analyzed, and was
found to be stable at 142 + 0.7 CAG repeats (n = 18, from
two different generations). The mice were housed in
groups with ad libitum access to food and water ata 12 h
light/dark cycle. The experimental procedures were
approved by the ethical committee at Lund University.
Mice were weighed once a week during the whole
experiment.

Administration of AsialoEPO

Mice from the same litters were divided into three groups
(n= 6-7 for each group). AsialoEPO was synthesized from
EPO exactly as described [28]. One group of R6/2 mice
was injected with 2.6 nmol/kg (80 pg/kg)
intraperitoneally (i.p.) in phosphate buffered saline (PBS)
three times per week, starting from 5 weeks of age until
they reached 12 weeks of age. Another group of R6/2 mice
and their wild-type littermates were injected (i.p.) with the
vehicle (PBS) following the same schedule.

Behavioral testing

Rotarod

Mice were trained on the rotarod for two days before the
testing began at 5 weeks of age. On the first training day
each mouse was placed on the rotarod for 120 s at a speed
of 5 rpm. On the second day, mice were given two sepa-
rate 120 s sessions at 10 rpm and one at 15 rpm. The mice
were tested on the following day with 3 trials at 15 rpm for
180 s each. The mean value of the latency to fall for these
3 trials was compared between the mice. Mice were tested
once a week using a similar block of 2 trials at ages 5, 6, 7,
8,10, 11 and 12 weeks.

Paw clasping

At the same ages studied for the rotarod, mice were sub-
jected to the paw clasping test. To score the presence of
paw clasping, mice were suspended by the tail 10 cm
above the cage for 20 s. The paw clasping was scored from
zero to two points. Absence of paw clasping behavior or
only the front legs pressed together yielded zero points. If
mice pressed front paws to the stomach, one point was
given. If front paws touched hind legs, or both front and
hind legs pressed against the stomach, two points were
noted. All clasping tests were scored by an individual
blind to the genotype of the mice.
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Motor activity in an open field

The general motor activity was assessed in an open field.
The open field box was divided into 25 squares (5 x 5 cm
each). The mice were analyzed at 10 and 12 weeks. They
were allowed to habituate for 10 min and then their activ-
ity was recorded for the following 10 min. The number of
squares that the mice entered during the last 2 min of the
recording session was evaluated. This short time in the
end of the session was chosen in order to increase the
habituation period, when the activity is increased in nor-
mal animals due to their exploratory behavior. This
increase in activity is the greatest during the first 20 min in
a new environment [51].

BrdU injections

In order to assess the genesis of new cells in the brains, all
mice were injected with 50 mg/kg of the thymidine ana-
logue BrdU (in PBS, pH 7,2) i.p. every 12 h for their last
six days of survival. The mice were sacrificed 18 h after the
last BrdU injection.

Morphological analysis

At 12 weeks of age, all mice were deeply anesthetized with
pentobarbital and transcardially perfused with saline fol-
lowed by paraformaldehyde (4%) in 0.1 M PBS. The
brains were left in the fixative overnight and then dehy-
drated in 20% sucrose/0.1 M phosphate buffer. Coronal
sections were cut at four series throughout the brain on a
freezing microtome at a thickness of 40 pm and collected
in PBS. Free-floating sections were processed for NeuN
immunohistochemistry. Briefly, one series of sections was
quenched in 3% hydrogen peroxide/10% methanol in 0.1
M PBS for 15 min and then rinsed three times. The sec-
tions were preincubated for 1 h in 5% normal horse
serum (NHS) and 0.25% Triton X-100 in PBS and then
incubated overnight at room temperature with a primary
antibody against NeuN (diluted 1:1000, Chemicon,
Temecula, CA, USA) in PBS containing 2% NHS. After
incubation with a biotinylated horse anti-mouse antibody
(1: 200; Dakopatts, Copenhagen, Denmark) for 1 h, the
bound antibodies were visualized using an avidin-biotin-
peroxidase complex system (Vectastain ABC Elite Kit, Vec-
tor labs, Burlingame, CA, USA). To detect the presence of
huntingtin inclusions, the EM48 antibody was used at a
dilution of 1:500 (Chemicon). BrdU staining was
detected using a mouse anti-BrdU antibody (1:50; Dako,
Glostrup, Denmark). To visualize striatal neurons and the
outer anatomical borders of the striatum, the DARPP-32
antibody was used (1: 1000; Chemicon).

Cell counts and striatal volume assessments using
stereology

All morphological analyses was performed on blind-
coded slides using an Olympus C.A.S.T.-Grid system
(Olympus Denmark A/S, Albertslund, Denmark) com-
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posed of an Olympus BH2 microscope and an X-Y step
motor run by an IBM PC computer. The number of EM48-
immunopositive neurons in the striatum was assessed in
five sections from each striatum, using stereological prin-
ciples [52]. The level of these sections began at 2 sections
anterior to the appearance of the posterior anterior com-
missure. The number of BrdU-immunopositive cells in
the dentate gyrus was assessed in 7-9 sections/mouse
starting from the first anterior aspect of the structure, and
the number was expressed as the average number per sec-
tion. The total number of BrdU labeled cells in the sub-
ventricular zone (located adjacent to the ventricle in the
neostriatum) was assessed using stereology in five striatal
sections per mouse. Four mice from each group were ran-
domly selected and the striatal area was delineated in five
adjacent sections (in a 1:4 series) of the striatum proc-
essed for DARPP-32 immunohistochemistry. The level of
these sections began at 2 sections anterior to the appear-
ance of the posterior anterior commissure. The volume
was calculated, taking into account the frequency of sec-
tions (1:4) and their thickness (0.04 mm), according to
the Cavalieri principle [52]. Using the stereological equip-
ment, the surface area of 45 randomly selected DARPP-32
cell bodies/striatum was also assessed (15 neurons/sec-
tion in three sections/mouse). The number of NeuN-
immunopositive cells in the dentate gyrus was assessed in
the same mice using stereology (6 sections/mouse, start-
ing from the first anterior aspect of the structure).

Statistics

The data were analyzed with a one- or two-factor ANOVA
with repeated measures when appropriate, or un-paired
Student's t-tests, using the Statview 5.4 package (Abacus
concepts, Berkely, CA, USA). Data are presented as mean
+ SEM. A p value of < 0.05 was considered significant.

List of abbreviations used
ANOVA analysis of variance

AsialoEPO asialoerythropoietin

BDNF brain-derived neurotrophic factor

BrdU bromodeoxyuridine

c-IAP2 cellular inhibitor of apoptosis proteins-2
CREB cAMP response element-binding protein

DARPP-32 dopamine and cAMP regulated phosphopro-
tein of a molecular weight of 32 kDa

EPO erythropoietin
GFAP glial fibrilliary acidic protein
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HD Huntington's disease

IGF1 insulin growth factor 1

Ip intraperitoneally

Jak2 Janus kinase 2

NeuN neuronal nuclei

NFkB nuclear factor-kB

NHS normal horse serum

NII neuronal intranuclear inclusions

PBS phosphate buffered saline

PCNA proliferating cell nuclear antigen

XIAP X-linked inhibitor of apoptosis proteins

Authors' contributions

JG carried out the BrdU injections, the behavioral testing
and immunohistochemical analysis. ML provided the
asialoEPO and conceived of the study. NP participated in
the BrdU injections. PB participated in the design of the
study. AP participated in the BrdU injections, the per-
fusion and the design of the study as well as drafted the
manuscript. All authors read and approved the final
manuscript.

Acknowledgements

We thank Elsy Ling, Birgit Haraldsson, Britt Lindberg, Laurent Roybon and
Bengt Mattsson for excellent technical assistance. We acknowledge the
assistance of determining the CAG repeat length by Anj Mahal and Gilian
Bates, London. |G is a Marie Curie Fellow. PB is supported by the Swedish
Research Council and the Hereditary Disease Foundation. APis supported
by the Swedish Brain Foundation.

References

Huntington's Disease Collaborative Research Group: A novel gene
containing a trinucleotide repeat that is expanded and unsta-
ble on Huntington's disease chromosomes. Cell 1993,
72:971-983.

Li JY, Plomann M, Brundin P: Huntington's disease: a
synaptopathy? Trends Mol Med 2003, 9:414-420.

Petersen A, Brundin P: Huntington's disease: the mystery
unfolds? Int Rev Neurobiol 2002, 53:315-339.

Ciechanover A, Brundin P: The ubiquitin proteasome system in
neurodegenerative diseases: sometimes the chicken, some-
times the egg. Neuron 2003, 40:427-446.

Mangiarini L, Sathasivam K, Seller M, Cozens B, Harper A, Hethering-
ton C, Lawton M, Trottier Y, Lehrach H, Davies SW, Bates GP: Exon
I of the HD gene with an expanded CAG repeat is sufficient
to cause a progressive neurological phenotype in transgenic
mice. Cell 1996, 87:493-506.

Menalled LB, Chesselet MF: Mouse models of Huntington's
disease. Trends Pharmacol Sci 2002, 23:32-39.

Hansson O, Petersen A, Leist M, Nicotera P, Castilho RF, Brundin P:
Transgenic mice expressing a Huntington's disease mutation

20.

21.

22.

23.

24,

http://www.biomedcentral.com/1471-2202/5/17

are resistant to quinolinic acid-induced striatal
excitotoxicity. Proc Natl Acad Sci U S A 1999, 96:8727-8732.
Davies SW, Turmaine M, Cozens BA, DiFiglia M, Sharp AH, Ross CA,
Scherzinger E, Wanker EE, Mangiarini L, Bates GP: Formation of
neuronal intranuclear inclusions underlies the neurological
dysfunction in mice transgenic for the HD mutation. Cell
1997, 90:537-548.

Cha JH: Transcriptional dysregulation
disease. Trends Neurosci 2000, 23:387-392.
Cha JH, Kosinski CM, Kerner JA, Alsdorf SA, Mangiarini L, Davies SW,
Penney )B, Bates GP, Young AB: Altered brain neurotransmitter
receptors in transgenic mice expressing a portion of an
abnormal human huntington disease gene. Proc Natl Acad Sci U
S A 1998, 95:6480-6485.

Luthi-Carter R, Strand A, Peters NL, Solano SM, Hollingsworth ZR,
Menon AS, Frey AS, Spektor BS, Penney EB, Schilling G, Ross CA,
Borchelt DR, Tapscott ), Young AB, Cha JH, Olson JM: Decreased
expression of striatal signaling genes in a mouse model of
Huntington's disease. Hum Mol Genet 2000, 9:1259-1271.

Carter R}, Lione LA, Humby T, Mangiarini L, Mahal A, Bates GP, Dun-
nett SB, Morton AJ: Characterization of progressive motor def-
icits in mice transgenic for the human Huntington's disease
mutation. J Neurosci 1999, 19:3248-3257.

Lione LA, Carter RJ, Hunt M), Bates GP, Morton AJ, Dunnett SB:
Selective discrimination learning impairments in mice
expressing the human Huntington's disease mutation. |
Neurosci 1999, 19:10428-10437.

Murphy KP, Carter RJ, Lione LA, Mangiarini L, Mahal A, Bates GP,
Dunnett SB, Morton AJ: Abnormal synaptic plasticity and
impaired spatial cognition in mice transgenic for exon | of
the human Huntington's disease gene. | Neurosci 2000,
20:5115-5123.

Turmaine M, Raza A, Mahal A, Mangiarini L, Bates GP, Davies SW:
Nonapoptotic neurodegeneration in a transgenic mouse
model of Huntington's disease. Proc Natl Acad Sci U S A 2000,
97:8093-8097.

lannicola C, Moreno S, Oliverio S, Nardacci R, Ciofi-Luzzatto A, Pia-
centini M: Early alterations in gene expression and cell mor-
phology in a mouse model of Huntington's disease. |
Neurochem 2000, 75:830-839.

Helmlinger D, Yvert G, Picaud S, Merienne K, Sahel J, Mandel L,
Devys D: Progressive retinal degeneration and dysfunction in
R6 Huntington's disease mice. Hum Mol Genet 2002,
11:3351-3359.

Digicaylioglu M, Bichet S, Marti HH, Wenger RH, Rivas LA, Bauer C,
Gassmann M: Localization of specific erythropoietin binding
sites in defined areas of the mouse brain. Proc Natl Acad Sci U S
A 1995, 92:3717-3720.

Masuda S, Nagao M, Takahata K, Konishi Y, Gallyas F Jr, Tabira T, Sas-
aki R: Functional erythropoietin receptor of the cells with
neural characteristics. Comparison with receptor properties
of erythroid cells. | Biol Chem 1993, 268:11208-11216.

Siren AL, Fratelli M, Brines M, Goemans C, Casagrande S, Lewczuk P,
Keenan S, Gleiter C, Pasquali C, Capobianco A, Mennini T, Heumann
R, Cerami A, Ehrenreich H, Ghezzi P: Erythropoietin prevents
neuronal apoptosis after cerebral ischemia and metabolic
stress. Proc Natl Acad Sci U S A 2001, 98:4044-4049.

Junk AK, Mammis A, Savitz SI, Singh M, Roth S, Malhotra S, Rosen-
baum PS, Cerami A, Brines M, Rosenbaum DM: Erythropoietin
administration protects retinal neurons from acute
ischemia-reperfusion injury. Proc Natl Acad Sci U S A 2002,
99:10659-10664.

Gorio A, Gokmen N, Erbayraktar S, Yilmaz O, Madaschi L, Cichetti
C, Di Giulio AM, Vardar E, Cerami A, Brines M: Recombinant
human erythropoietin counteracts secondary injury and
markedly enhances neurological recovery from experimen-
tal spinal cord trauma. Proc Natl Acad Sci U S A 2002,
99:9450-9455.

Celik M, Gokmen N, Erbayraktar S, Akhisaroglu M, Konakc S, Ulukus
C, Genc S, Genc K, Sagiroglu E, Cerami A, Brines M: Erythropoietin
prevents motor neuron apoptosis and neurologic disability
in experimental spinal cord ischemic injury. Proc Natl Acad Sci
U S A2002, 99:2258-2263.

Brines ML, Ghezzi P, Keenan S, Agnello D, de Lanerolle NC, Cerami
C, Itri LM, Cerami A: Erythropoietin crosses the blood-brain

in Huntington's

Page 9 of 10

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8458085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8458085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8458085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/j.molmed.2003.08.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/j.molmed.2003.08.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14557053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0074-7742(02)53012-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0074-7742(02)53012-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12512345
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0896-6273(03)00606-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0896-6273(03)00606-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0896-6273(03)00606-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14556719
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0092-8674(00)81369-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0092-8674(00)81369-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0092-8674(00)81369-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8898202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0165-6147(00)01884-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0165-6147(00)01884-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11804649
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.96.15.8727
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.96.15.8727
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.96.15.8727
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.96.15.8727
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10411943
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0092-8674(00)80513-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0092-8674(00)80513-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0092-8674(00)80513-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9267033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0166-2236(00)01609-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0166-2236(00)01609-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10941183
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.95.11.6480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.95.11.6480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.95.11.6480
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9600992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1093/hmg/9.9.1259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1093/hmg/9.9.1259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1093/hmg/9.9.1259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10814708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10191337
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10191337
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10191337
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10575040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10575040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10575040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10864968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10864968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10864968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.110078997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.110078997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.110078997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10869421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1046/j.1471-4159.2000.0750830.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1046/j.1471-4159.2000.0750830.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10899961
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1093/hmg/11.26.3351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1093/hmg/11.26.3351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12471061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7731971
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7731971
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7684373
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7684373
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7684373
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.051606598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.051606598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.051606598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11259643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.152321399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.152321399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.152321399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12130665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.142287899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.142287899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.142287899
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12082184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.042693799
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.042693799
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.042693799
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11854521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.97.19.10526
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.97.19.10526

BMC Neuroscience 2004, 5

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.
38.
39.

40.

41.
42.

43.

44,

barrier to protect against experimental brain injury. Proc Natl
Acad Sci U S A 2000, 97:10526-1053 1.

Grasso G, Buemi M, Alafaci C, Sfacteria A, Passalacqua M, Sturiale A,
Calapai G, De Vico G, Piedimonte G, Salpietro FM, Tomasello F: Ben-
eficial effects of systemic administration of recombinant
human erythropoietin in rabbits subjected to subarachnoid
hemorrhage. Proc Natl Acad Sci U S A 2002, 99:5627-5631.
Springborg JB, Sonne B, Frederiksen HJ, Foldager N, Poulsgaard L,
Klausen T, Jorgensen OS, Olsen NV: Erythropoietin in the cere-
brospinal fluid of patients with aneurysmal subarachnoid
haemorrhage originates from the brain. Brain Res 2003,
984:143-148.

Ehrenreich H, Hasselblatt M, Dembowski C, Cepek L, Lewczuk P,
Stiefel M, Rustenbeck HH, Breiter N, Jacob S, Knerlich F, Bohn M,
Poser W, Ruther E, Kochen M, Gefeller O, Gleiter C, Wessel TC, De
Ryck M, Itri L, Prange H, Cerami A, Brines M, Siren AL: Erythropoi-
etin therapy for acute stroke is both safe and beneficial. Mol
Med 2002, 8:495-505.

Erbayraktar S, Grasso G, Sfacteria A, Xie QW, Coleman T, Kreilgaard
M, Torup L, Sager T, Erbayraktar Z, Gokmen N, Yilmaz O, Ghezzi P,
Villa P, Fratelli M, Casagrande S, Leist M, Helboe L, Gerwein , Chris-
tensen S, Geist MA, Pedersen LO, Cerami-Hand C, Wuerth JP,
Cerami A, Brines M: Asialoerythropoietin is a nonerythropoi-
etic cytokine with broad neuroprotective activity in vivo. Proc
Natl Acad Sci U S A 2003, 100:6741-6746.

Gutekunst CA, Li SH, Yi H, Mulroy JS, Kuemmerle S, Jones R, Rye D,
Ferrante R], Hersch SM, Li XJ: Nuclear and neuropil aggregates
in Huntington's disease: relationship to neuropathology. |
Neurosci 1999, 19:2522-2534.

Shingo T, Sorokan ST, Shimazaki T, Weiss S: Erythropoietin regu-
lates the in vitro and in vivo production of neuronal progen-
itors by mammalian forebrain neural stem cells. | Neurosci
2001, 21:9733-9743.

Cerami A, Brines M, Ghezzi P, Cerami C, Itri LM: Neuroprotective
properties of epoetin alfa. Nephrol Dial Transplant 2002, Suppl
1:8-12.

Digicaylioglu M, Lipton SA: Erythropoietin-mediated neuropro-
tection involves cross-talk between Jak2 and NF-kappaB sig-
nalling cascades. Nature 2001, 412:641-647.

Ferrante R}, Andreassen OA, Jenkins BG, Dedeoglu A, Kuemmerle S,
Kubilus JK, Kaddurah-Daouk R, Hersch SM, Beal MF: Neuroprotec-
tive effects of creatine in a transgenic mouse model of Hunt-
ington's disease. | Neurosci 2000, 20:4389-4397.

Dedeoglu A, Kubilus JK, Jeitner TM, Matson SA, Bogdanov M, Kowall
NW, Matson WR, Cooper AJ, Ratan RR, Beal MF, Hersch SM, Fer-
rante R): Therapeutic effects of cystamine in a murine model
of Huntington's disease. | Neurosci 2002, 22:8942-8950.

Keene CD, Rodrigues CM, Eich T, Chhabra MS, Steer CJ, Low WC:
Tauroursodeoxycholic acid, a bile acid, is neuroprotective in
a transgenic animal model of Huntington's disease. Proc Natl
Acad Sci U S A 2002, 99:10671-10676.

Sanchez |, Mahlke C, Yuan J: Pivotal role of oligomerization in
expanded polyglutamine neurodegenerative disorders.
Nature 2003, 421:373-379.

Temple S: Stem cell plasticity — building the brain of our
dreams. Nat Rev Neurosci 2001, 2:513-520.

Kempermann G: Why new neurons? Possible functions for
adult hippocampal neurogenesis. | Neurosci 2002, 22:635-638.
Kuhn HG, Palmer TD, Fuchs E: Adult neurogenesis: a compensa-
tory mechanism for neuronal damage. Eur Arch Psychiatry Clin
Neurosci 2001, 251:152-158.

Duman RS, Malberg J, Nakagawa S: Regulation of adult neurogen-
esis by psychotropic drugs and stress. | Pharmacol Exp Ther 2001,
299:401-407.

Armstrong R], Barker RA: Neurodegeneration: a failure of
neuroregeneration? Lancet 2001, 358:1174-1176.

Cooper-Kuhn CM, Kuhn HG: Is it all DNA repair? Methodolog-
ical considerations for detecting neurogenesis in the adult
brain. Brain Res Dev Brain Res 2002, 134:13-21.

Ekdahl CT, Claasen JH, Bonde S, Kokaia Z, Lindvall O: Inflamma-
tion is detrimental for neurogenesis in adult brain. Proc Natl
Acad Sci U S A 2003, 100:13632-13637.

Monje ML, Toda H, Palmer TD: Inflammatory blockade restores
adult hippocampal neurogenesis. Science 2003, 302:1760-1765.

45.

46.

47.

48.

49.

50.

51.

52.

http://www.biomedcentral.com/1471-2202/5/17

Ma L, Morton A, Nicholson LF: Microglia density decreases with
age in a mouse model of Huntington's disease. Glia 2003,
43:274-280.

Zuccato C, Ciammola A, Rigamonti D, Leavitt BR, Goffredo D, Conti
L, MacDonald ME, Friedlander RM, Silani V, Hayden MR, Timmusk T,
Sipione S, Cattaneo E: Loss of huntingtin-mediated BDNF gene
transcription in  Huntington's disease. Science 2001,
293:493-498.

Sugars KL, Brown R, Cook L], Swartz |, Rubinsztein DC: Decreased
cAMP response element-mediated transcription: an early
event in exon | and full-length cell models of Huntington's
disease that contributes to polyglutamine pathogenesis. | Biol
Chem 2004, 279:4988-99.

Kempermann G, Kuhn HG, Gage FH: More hippocampal neurons
in adult mice living in an enriched environment. Nature 1997,
386:493-495.

Curtis MA, Penney EB, Pearson AG, van Roon-Mom WM, Butter-
worth NJ, Dragunow M, Connor B, Faull RL: Increased cell prolif-
eration and neurogenesis in the adult human Huntington's
disease brain. Proc Natl Acad Sci U S A 2003, 100:9023-9027.

Yu X, Shacka }J, Eells B, Suarez-Quian C, Przygodzki RM, Beleslin-
Cokic B, Lin CS, Nikodem VM, Hempstead B, Flanders KC, Costantini
F, Noguchi CT: Erythropoietin receptor signalling is required
for normal brain development. Development 2002, 129:505-516.
Zhuang X, Oosting RS, Jones SR, Gainetdinov RR, Miller GW, Caron
MG, Hen R: Hyperactivity and impaired response habituation
in hyperdopaminergic mice. Proc Natl Acad Sci U S A 2001,
98:1982-1987.

Gundersen HJ, Bagger P, Bendsten TF, Evans SM, Korbu L, Marcussen
N, Moller A, Nielsen K, Nyengaard JR, Pakkenberg B, Sorensen FB,
Vesterby A, West MJ: The new stereological tools: Dissector,
fractionator, nucleator and point sampled intercepts and
their use in pathological research and diagnosis. AP M [ S 1988,
96:857-881.

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for

disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central

O BioMedcentral

« yours — you keep the copyright

Page 10 of 10

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.97.19.10526
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10984541
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.082097299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.082097299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.082097299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11943864
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0006-8993(03)03124-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0006-8993(03)03124-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0006-8993(03)03124-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12932848
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12435860
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12435860
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.1031753100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.1031753100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12746497
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10087066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10087066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11739582
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11739582
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11739582
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1093/ndt/17.suppl_1.8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1093/ndt/17.suppl_1.8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/35088074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/35088074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/35088074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11493922
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10844007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10844007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10844007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12388601
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12388601
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.162362299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.162362299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.162362299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12149470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/nature01301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/nature01301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12540902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/35081577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/35081577
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11433376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11826092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11826092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1007/s004060170035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1007/s004060170035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11697579
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11602648
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11602648
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0140-6736(01)06260-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0140-6736(01)06260-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11597694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0165-3806(01)00243-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0165-3806(01)00243-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1016/S0165-3806(01)00243-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11947933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.2234031100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.2234031100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14581618
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1126/science.1088417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1126/science.1088417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14615545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/glia.10261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1002/glia.10261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12898706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1126/science.1059581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1126/science.1059581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11408619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1074/jbc.M310226200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1074/jbc.M310226200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1074/jbc.M310226200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14627700
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/386493a0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1038/386493a0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9087407
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.1532244100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.1532244100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.1532244100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12853570
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11807041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11807041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.98.4.1982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10.1073/pnas.98.4.1982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11172062
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Administration of asialoEPO does not affect the behavioral phenotype in R6/2 mice
	Table 1

	No effect of asialoEPO on the loss of body weight
	AsialoEPO treatment does not affect neuropathological features in R6/2 mice
	Reduced BrdU labeling in R6/2 mouse brains, but no increase by asialoEPO administration

	Discussion
	Conclusions
	Methods
	Transgenic animals and body weight measurements
	Administration of AsialoEPO
	Behavioral testing
	Rotarod
	Paw clasping
	Motor activity in an open field

	BrdU injections
	Morphological analysis
	Cell counts and striatal volume assessments using stereology
	Statistics

	List of abbreviations used
	Authors' contributions
	Acknowledgements
	References

