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Abstract

Huntington’s disease (HD) is an autosomal dominant neuropathology characterized 
by a degenerative process in the basal ganglia (namely the striatum) and associated 
with progressive cognitive and motor dysfunctions. This neurological condition is caused 
by a mutation in the gene that encodes the protein huntingtin (HTT). The YAC128 is 
a transgenic mouse model that expresses the full-length human HTT gene with 128 
CAG repeats. This animal model reproduces several features of HD including age-
dependent striatal neurodegeneration and a decline in cognitive and motor processes. 
Considering that behavioral and cognitive impairments have been reported before 
the onset of motor dysfunction and striatal degeneration in YAC128 mice, the present 
study investigated whether alterations in striatal levels of brain-derived neurotrophic 
factor (BDNF) and pro-survival signaling may contribute to these abnormalities during 
the early symptomatic stages of disease progression. Our results show no alterations in 
BDNF levels in the YAC128 striatum both at 3 and 6 months of age. The analysis of pro-
survival signaling detected an increase in protein kinase B (PKB/Akt) and extracellular 
signal-regulated protein kinase-2 (ERK2) signaling but not in extracellular signal-
regulated protein kinase-1 (ERK1) in this brain region. Together, these data suggest 
the occurrence of a compensatory response in the early stages of disease progression, 
which is likely a consequence of the increased excitability and excitotoxicity that other 
studies have previously reported in young YAC128 mice.  

ABBREVIATIONS
PKB/Akt: Protein Kinase B; BCA: Bicinchoninic Acid; BDNF: 

Brain Derived Neurotrophic Factor; CAG: Cytosine-Adenine-
Guanine; ERK: Extracellular Signal-Regulated Protein Kinase; HD: 
Huntington’s Disease; HTT: Huntingtin; mBDNF: mature BDNF; 
NMDAR: N-methyl-D-aspartate Receptors; p-Akt: phosphorylated 
Akt; p-ERK: phosphorylated ERK; polyQ: Polyglutamine; WT: 
Wild-Type; YAC: Yeast Artificial Chromosome

INTRODUCTION 
Huntington’s disease (HD) is an autosomal dominant 

neuropathology caused by a mutation in the gene encoding 
huntingtin (HTT). This alteration leads to an unstable expansion 
of cytosine-adenine-guanine (CAG) repeats and a consequent 

polyglutamine (polyQ) stretch in the NH2-terminal region of 
HTT [1]. HD is characterized by a neurodegenerative process in 
the basal ganglia (particularly caudate nucleus and putamen) 
and several other brain structures including the hippocampus, 
cerebral cortex, and hypothalamus [2]. The first symptoms of 
HD comprise psychiatric disturbances and cognitive impairment 
(i.e. affective disorders and deficits in memory formation), 
which can manifest up to a decade before the onset of the 
classical motor deficits. With the progression of disease, patients 
develop movement abnormalities such as chorea (involuntary 
movements) and dystonia, which gradually increases over the 
years until death (usually within 15 years) [3]. This degenerative 
process is related both to loss of function of normal HTT as well 
as a toxic gain of function of mutant huntingtin (mHTT) [4]. 
Indeed, normal  HTT is thought to play a role in critical processes 
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of the central nervous system including endocytosis, vesicle 
transport, synaptic signaling and transcriptional regulation [5, 
6]. Furthermore, normal HTT is also known to promote neuronal 
survival by regulating the transcription and vesicular transport 
of brain derived neurotrophic factor (BDNF) [7,8], and by 
modulating neuronal sensitivity to excitotoxicity [9]. In addition to 
the loss of function of normal HTT, the conformational alterations 
induced by excessive polyQ expansions is thought to result in a 
toxic gain of function of the mutant HTT, which also contributes 
to the pathophysiology of HD. Indeed, the conformational 
alteration of mHTT is associated with the formation of insoluble 
intracellular aggregates and neuronal intranuclear inclusions 
of mHTT, which form pathogenic protein-protein interactions 
with several intracellular proteins [10-12] thus impairing 
several aspects of cell function [13,14]. Additionally, there is also 
evidence suggesting that the toxicity of this mutant protein may 
also derive from its soluble fragments [15].

The survival of neurons is mediated by the activation of pro-
survival cascades such as the protein kinase B (PKB/Akt) and 
extracellular signal-regulated protein kinases (ERKs) [16,17]. 
These signaling pathways mediate the activity of growth factors, 
protecting the brain from insults and stimulating its regenerative 
mechanisms [18-21]. Interestingly, previous studies have 
reported abnormalities in Akt and ERK content and activity 
in both HD animal models and HD patients. These signaling 
alterations might contribute to the neurodegenerative process 
in the HD brain by exacerbating mHTT toxicity and/or reducing 
pro-survival signaling [22-24].

The YAC128 transgenic mouse model, which expresses 
the full-length human HTT gene with 128 CAG repeats, 
reproduces several HD features including age-dependent striatal 
neurodegeneration, behavioral impairments and a decline in 
cognitive and motor processes [25,26,27]. YAC128 mice present 
early manifestations of the disease such as a hyperkinetic 
phenotype and depressive-like behavior at 3 months of age, 
followed by progressive motor deficits at 6 months with striatal 
and cortical degeneration becoming evident after 9 months of 
age [26,28,29]. Despite the occurrence of phenotypic alterations 
that precede cell death in this transgenic model, it is still not clear 
whether pro-survival alterations occur in early stages of disease 
progression. Therefore, the present study evaluated whether 
levels of BDNF and proteins involved in pro-survival signaling 
(Akt, ERK-1 and ERK-2) are altered in the striatum of early 
symptomatic YAC128  mice at 3 and 6 months of age. 

MATERIALS AND METHODS

Transgenic mice

Transgenic mice expressing the human HTT gene with 128 
CAG repeats (YAC128) were used to model HD in this study [30]. 
YAC128 mice were donated by the Michael Hayden Laboratory, 
Department of Medical Genetics, University of British Columbia 
(Vancouver, BC, Canada). The following primers were used to 
test for genotype: LYA1 = 5’ CTGCTCGCTTCGCTACTTGGAGC 
3’, LYA2 = 5’ GTCTTGCGCCTTAAACCAACTTGG 3’, RYA1 
= 5’ CTTGAGATCGGGCGTTCGACTCGC 3’, RYA2 = 5’ 
CCGCACCTGTGGCGCCGGTGATGC 3’. Polymerase chain reaction 
(PCR) products were run on a 1.5% agarose gel with 10,000x 

SYBR-safe and visualized under a BioRad trans-illuminator 
(BioRad, Mississauga, ON, Canada). YAC128 and wild-type (WT) 
mice were housed according to sex and age at the Division of 
Medical Sciences, University of Victoria (Victoria, BC, Canada) in 
groups with a maximum of five mice per cage, with ad libitum 
access to food and water and under a normal 12-hour light/dark 
cycle. All procedures were performed in accordance with the 
University of Victoria and the Canadian Council for Animal Care 
policies.

Sample collection and tissue lysate preparation

After reaching the appropriate age (3 or 6 months of age), 
animals were anesthetized with isoflurane (Abbott Laboratories, 
North Chicago, IL, USA) and sacrificed by rapid decapitation. 
Striata were quickly dissected and snap-frozen with liquid 
nitrogen prior to storage at -80°C until use. Individual samples 
were homogenized in lysis buffer [137 mM NaCl, 20 mM Tris-
HCl pH 8.0, 1% NP40, 10% glycerol, protease and phosphatase 
inhibitor cocktails (Thermo Scientific, Rockford, IL, USA)] by 
sonicating four times for 5 seconds. Total protein concentration 
for each individual sample was determined by the bicinchoninic 
acid (BCA) assay using a BCA Assay Kit (Thermo Scientific, 
Rockford, IL, USA) according to the manufacturer’s instructions. 

Measurement of total BDNF levels

Levels of total (including pro- and mature) BDNF were 
measured by antigen-capture enzyme-linked immunosorbent 
assay (ELISA) using a Promega BDNF Emax® ImmunoAssay 
System ELISA kit (Promega, Madison, WI, USA) according to 
the manufacturer’s instructions. This ELISA kit included all 
antibodies and reagents used and can detect BDNF levels in 
samples from a variety of species, including mouse (see BDNF 
Emax® ImmunoAssay System Technical Bulletin for further 
details). Briefly, 96-well polystyrene plates (Thermo Scientific, 
Rockford, IL, USA) were coated with anti-BDNF monoclonal 
antibody overnight without agitation at 4°C, washed with Tris-
buffered saline (TBS), and blocked using the supplied block and 
sample buffers for one hour at room temperature. Following 
blocking, tissue lysates or BDNF standards (serially diluted in 
halves to prepare a standard curve from 500 pg/mL to 7.8 pg/ 
mL) were incubated for 2 hours at room temperature to allow 
BDNF binding by the coating antibody. Wells were then incubated 
with the (primary) polyclonal anti-human BDNF antibody for 2 
hours at room temperature. Wells were subsequently incubated 
with the (secondary) anti-IgY polyclonal antibody conjugated to 
horseradish peroxidase, for one hour at room temperature. Wells 
were then incubated with TMB One Solution for 10 minutes at 
room temperature. The reduction of hydrogen peroxide in TMB 
One Solution was stopped by the addition of HCl, and the diimine 
product of TMB oxidation was measured spectrophotometrically 
at 450 nm. Levels of total BDNF in tissue lysates were determined 
by interpolation from the standard curve, and results were 
expressed in pg BDNF / mg protein.

Western-blot analyses

Equal amounts of protein were separated on a 10% sodium 
dodecyl sulfate - polyacrylamide gel electrophoresis (SDS-PAGE) 
and transferred at 4oC onto Polyvinylidene Fluoride (PVDF) 
membranes (Perkin Elmer, Boston, MA, USA). Membranes were 
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probed with primary antibodies against Akt, phosphorylated 
Akt (p-Akt), ERK1/2, phosphorylated ERK1/2 (p-ERK1/2) 
(Cell Signaling, Danvers, MA, USA), and actin (loading control; 
Sigma-Aldrich, Oakville, ON, Canada) and were detected 
with the appropriate secondary antibodies conjugated to 
horseradish peroxidase (HRP), and then developed by enhanced 
chemiluminescence (ECL; GE Healthcare, Buckinghamshire, UK). 
Data were quantified by densitometric analysis using the Quantity 
One Software program (BioRad, Hercules, CA). Immuno content 
levels of ERK1, p-ERK1, ERK-2, and p-ERK2 were calculated as 
a ratio to the levels of the loading control (β-actin) and were 
expressed as a percentage of the WT signal.

Statistical analyses

All statistical analyses were performed using Statistica 7.0 
software (StatSoft, Tulsa, OK, USA). Data are presented as mean 
± SEM. For all analyses, no significant differences between sexes 
were obtained (data not shown) and therefore data from males 
and females were combined and compared using two-factor 
analysis of variance (ANOVA), for genotype and age followed by 
Tukey’s post-hoc analysis when appropriate. A value of p<0.05 
was considered statistically significant.

RESULTS AND DISCUSSION
The progression of HD is accompanied by a decrease in the 

expression of BDNF in the brain of HD patients [31,32]. BDNF is 
a trophic factor crucial for the survival of striatal neurons [33]. 
Since normal HTT has been shown to regulate the transcription 
[7] and vesicular transport [8] of this neurotrophin, the loss of 
function of normal HTT in HD may affect these processes, thus 
resulting in the decreased levels of BDNF seen in HD brains 
[31,32]. The role of BDNF in the degenerative progression of 
HD is further supported by experimental findings showing that 
the onset and severity of cognitive and motor dysfunctions 
in the R6/1 HD transgenic mouse model are associated with 
an endogenous deficit in this neurotrophic factor [34,35]. In 
addition, it is also known that YAC128  mice have reduced levels 
of BNDF in the striatum at an advanced stage of the disease (16 
months of age) [36]. However, it is still not clear whether a decline 
in BDNF levels contribute to the early behavioral and cognitive 
alterations observed in this transgenic model. Thus, the present 
study evaluated BDNF levels in the striatum of YAC128 mice at 3 
and 6 months of age (i.e., early symptomatic stages).

Our findings demonstrated that YAC128 mice did not present 
alterations in striatal levels of BDNF when compared to their 
age-matched WT  controls at both these time points [two-factor 
ANOVA; main effect of genotype: F(1,22)=0.68, p=0.42; no signifi-
cant main effect of age and no significant interaction genotype 
versus age; Figure 1], suggesting that alterations in the striatal 
total levels of this neurotrophin are not involved in the abnor-
malities observed at the early stages of disease progression in 
this transgenic mouse model. One possible explanation for this 
finding is the fact that YAC128 mice have a biphasic pattern of 
corticostriatal activity, presenting hyper excitability and suscep-
tibility to excitotoxicity at early stages and a markedly decrease 
when motor dysfunction starts to develop [37,38]. Therefore, 
considering that BDNF found in the striatum is dependent on 
anterograde transport from other brain structures, particularly 

from the cerebral cortex [39], it is possible that this age-depend-
ent corticostriatal disconnection may cause a reduction in BDNF 
levels in subsequent time points (i.e. after 6 months of age). Of 
note, the BDNF ELISA procedure used in this study does not dis-
criminate between pro-BDNF and mature BDNF (mBDNF) and 
therefore, we should not rule out the possibility that a potential 
flaw in the processing of pro-BDNF to mature BDNF could still 
occur during these early symptomatic stages. Further analyses 
by Western-blotting with antibodies selective for pro- and ma-
ture forms of BDNF at each stage of disease progression may aid 
in elucidating whether a defect in pro-BDNF processing (and a 
consequent increase in pro-BDNF with a concomitant reduction 
in mBDNF levels) may play a role in striatal neuropathology in 
YAC128 mice. 

We also evaluated the immunocontent and phosphorylation 
status of proteins implicated in pro-survival signaling (Akt/ 
p-Akt, ERK1 / p-ERK1, ERK2 / p-ERK2) of YAC128 mice in 
comparison to their age-matched WT counterparts. With regards 
to Akt, a two-factor ANOVA revealed a significant main effect of 
genotype [F(1,22)= 17.44, p<0.01] but no main effect of age and 
no interaction between these two variables (Figure 2A). With 
regard to p-Akt, a significant main effect of genotype was also 
found [F(1,22)= 24.80, p<0.01], although no main effect of age and 
no interaction between these two variables were encountered 
(Figure 2B). Finally, no main effects of genotype or age and no 
interaction between these two variables were found with regards 
to the p-Akt/Akt ratio (Figure 2C). Further post-hoc analyses 
confirmed that YAC128 mice display increased levels of Akt and 
p-Akt at both 3 (p<0.01) and 6 months of age (p<0.05).

When analyzing ERK1 levels, no significant alterations were 
found with regards to genotype, age, and interaction genotype 
versus age (Figure 3A). Similarly, no main effects of genotype 
and age, and no interaction genotype versus age were found with 
regards to p-ERK1 immunocontent (Figure 3B). Finally, no main 
effects of genotype, age, and no interaction between these two 
variables were found with regards to the p-ERK1/ERK1 ratio 
(Figure 3C). Similarly, a two-factor ANOVA revealed no main 
effects of genotype and age and no interaction between these 
two variables with regards to the levels of ERK-2 (Figure 4A). 
However, with regards to p-ERK2 immunocontent, a significant 

Figure 1 Levels of total BDNF in the striatum of YAC128 mice compared to WT 
mice at 3 and 6 months of age, as determined by ELISA. Levels of BDNF were 
expressed as pg per mg protein. Results are presented as means ± SEM (n=6-7/
group).
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Figure 2 Western-blot analysis of Akt in the striatum of YAC128 mice at 3 and 6 months of age. Quantification of Akt (A) and p-Akt (B) revealed a significant increase in 
their immunocontent at both time points, but no alteration was found in the ratio p-Akt/Akt (C). Representative western-blots showing  Akt, p-Akt, and ß-actin (loading 
control) immunoreactivity in early symptomatic YAC128 mice and their age-matched WT controls (D). Values are presented as mean ± SEM (n=6-8/group). **p<0.01 or 
*p<0.05 in comparison to age-matched WT animals.

Figure 3 Western-blot analysis of ERK1 in the striatum of YAC128 mice at 3 and 6 months of age. Quantification of ERK1 (A), p-ERK1 (B) and the ratio p-ERK1/ERK1 
(C) did not reveal significant alterations when compared to age-matched WT animals. Representative western-blots showing ERK1, p-ERK1, and ß-actin (loading control)
immunoreactivity in early symptomatic YAC128 mice (D). Values are presented as mean ± SEM (n=6-8/group).



Central
Bringing Excellence in Open Access





Gil-Mohapel et al. (2016)
Email: 

Ann Neurodegener Dis  1(3): 1012 (2016) 5/7

main effect of genotype [F(1,24)= 14.97, p<0.01], and a significant 
interaction between genotype and age [F(1,24)= 9.26, p<0.01] were 
found (Figure 4B). Finally, a significant main effect of genotype 
[F(1,24)= 25.17, p< 0.01], and a significant interaction between 
genotype and age [F(1,24) = 9.69, p<0.01] were found with regards to 
the p-ERK2/ERK2 ratio (Figure 4C). Post-hoc analysis evidenced 
that YAC128 mice have increased ERK2 striatal phosphorylation 
(p<0.01) at 6 months of age. 

One possible explanation for this up-regulation of Akt, p-Akt, 
p-ERK2 and ERK2 phosphorylation in the YAC128 striatum may 
be related with the occurrence of a compensatory pro-survival 
response in the striatum of early symptomatic YAC128 mice 
to counteract the toxicity of mHTT. Similarly to our findings, a 
previous study provided compelling evidence for the activation 
of the Akt pathway in the striatum of HdhQ111/Q111 knock-in 
mouse model of HD [40]. Interestingly, this effect was associated 
with increased activation of glutamate N-methyl-D-aspartate 
receptors (NMDAR) and mitochondrial deficits, suggesting 
that Akt signaling may occur in response to the HTT-induced 
dysregulation of glutamate NMDARs functioning and resulting 
excitotoxicity during the early stages of disease progression 
[40]. Indeed, the occurrence of striatal hyperexcitability in pre-
symptomatic stages of HD is also reproduced in YAC128 mice, 
as evidenced by electrophysiological findings showing increased 
glutamate release and synaptic response in corticostriatal 
projections [37]. Moreover, a similar pattern of increased 
excitability was demonstrated in the subthalamic nucleus [41] 
and in the hippocampus [42] of young YAC128 mice, suggesting 

that synaptic abnormalities may be causing alterations in the 
function of other brain structures. Therefore, similarly to other 
findings using distinct transgenic models of HD [40,43-45], the 
increased pro-survival signaling found in our study (i.e. increased 
Akt levels and ERK2 phosphorylation) may be a response to the 
occurrence of excitotoxic events. As a matter of fact, in a study 
conducted by Xie et al., (2010), no alterations were found in 
striatal Akt and ERK1/2 signaling of middle-aged YAC128 mice 
[36], supporting the hypothesis that our results may be related to 
the age-dependent biphasic pattern of excitability that occurs in 
this transgenic model.

CONCLUSION
Our study provided evidence that alterations in key signaling 

molecules involved in pro-survival pathways (namely Akt 
and ERK2) occur early on in the course of the disease. These 
alterations are likely to reflect a pro-survival compensatory 
response that occurs during the early symptomatic stage, as an 
attempt to counteract the deleterious and toxic effects of mHTT. 
Further studies are warranted to clarify the relationship between 
this putative compensatory response and the excitotoxic events 
that take place in striatal neurons in the YAC128 brain. 

ACKNOWLEDGEMENTS
P.S.B. and J.G.M. acknowledge funding from the Ciência Sem 

Fronteiras/CNPq funding program (Science Without Borders, 
Brazil). P.S.B. also acknowledges funding from Edital Universal 
CNPq no. 480176/2013-2. E.M. received a Jamie Cassels 

Figure 4 Western-blot analysis of ERK2 in the striatum of YAC128 mice at 3 and 6 months of age. Quantification of ERK2 immunocontent did not reveal a significant 
alteration in comparison to age-matched WT mice (A). However, a significant increase in p-ERK2 (B) and in the ratio p-ERK2/ERK2 (C) was found in the striatum of 
YAC128 mice at 6 months of age. Representative western-blots showing ERK2, p-ERK2, and ß-actin (loading control) immunoreactivity in early symptomatic YAC128 
mice (D). Values are presented as mean ± SEM (n=6-8/group). **p<0.01 in comparison to age-matched WT animals.



Central
Bringing Excellence in Open Access





Gil-Mohapel et al. (2016)
Email: 

Ann Neurodegener Dis  1(3): 1012 (2016) 6/7

Undergraduate Research Award (JCURA) from the University 
of Victoria (Victoria, BC, Canada) and an Undergraduate 
Student Research Award (USRA) from the Natural Sciences and 
Engineering Research Council of Canada (NSERC, Canada). B.R.C. 
is a Michael Smith Senior Scholar and is supported by grants from 
NSERC, the Canadian Institutes of Health Research (CIHR), the 
Michael Smith Foundation for Health Research (MSFHR), and the 
Canada Foundation for Innovation (CFI). 

REFERENCES
1. Macdonald ME, Ambrose CM, Duyao MP, Myers RH, Lin C, Srinidhi L, 

et al. A novel gene containing atrinucleotiderepeat that is expanded 
and unstable on Huntington’s disease chromosomes. Cell. 1993; 72: 
971-983.

2. Walker FO. Huntington’s disease. Lancet. 2007; 369: 218-228.

3. Roos RA. Huntington’s disease: a clinical review. Orphanet J Rare Dis. 
2010; 5: 40. 

4. Gil JM, Rego AC. Mechanisms of neurodegeneration in Huntington’s 
disease. Eur J Neurosci. 2008; 27: 2803-2820.

5. Li SH, Li XJ. Huntingtin-protein interactions and the pathogenesis of 
Huntington’s disease. Trends Genet. 2004; 20: 146-154.

6. Harjes P, Wanker EE. The hunt for huntingtin function: interaction 
partners tell many different stories. Trends Biochem Sci. 2003; 28: 
425-433.

7. Zuccato C, Ciammola A, Rigamonti D, Leavitt BR, Goffredo D, Conti 
L, et al. Loss of huntingtin-mediated BDNF gene transcription in 
Huntington’s disease. Science. 2001; 293: 493-498.

8. Gauthier LR, Charrin BC, Borrell-Pagès M, Dompierre JP, Rangone H, 
Cordelières FP, et al. Huntingtin controls neurotrophic support and 
survival of neurons by enhancing BDNF vesicular transport along 
microtubules. Cell. 2004; 118: 127-138.

9. Leavitt BR, van Raamsdonk JM, Shehadeh J, Fernandes H, Murphy 
Z, Graham RK, et al. Wild-type huntingtin protects neurons from 
excitotoxicity. J Neurochem. 2006; 96: 1121-1129.

10. Ross CA. Polyglutamine pathogenesis: emergence of unifying 
mechanisms for Huntington’s disease and related disorders. Neuron. 
2002; 35: 819-822.

11. DiFiglia M, Sapp E, Chase KO, Davies SW, Bates GP, Vonsattel JP, et 
al. Aggregation of huntingtin in neuronal intranuclear inclusions and 
dystrophic neurites in brain. Science. 1997; 277: 1990-1993.

12. Thakur AK, Jayaraman M, Mishra R, Thakur M, Chellgren VM, Byeon 
IJ, et al. Polyglutamine disruption of the huntingtin exon 1 N terminus 
triggers a complex aggregation mechanism. Nat Struct Mol Biol. 2009; 
16: 380-389.

13. Chang DT, Rintoul GL, Pandipati S, Reynolds IJ. Mutant huntingtin 
aggregates impair mitochondrial movement and trafficking in cortical 
neurons. Neurobiol Dis. 2006; 22: 388-400.

14. Fukui H, Moraes CT. Extended polyglutamine repeats trigger a 
feedback loop involving the mitochondrial complex III, the proteasome 
and huntingtin aggregates. Hum Mol Genet. 2007; 16: 783-797.

15. Graham RK, Deng Y, Slow EJ, Haigh B, Bissada N, Lu G, et al. Cleavage 
at the caspase-6 site is required for neuronal dysfunction and 
degeneration due to mutant huntingtin. Cell. 2006; 125: 1179-1191.

16. Brunet A, Datta SR, Greenberg ME. Transcription-dependent and 
-independent control of neuronal survival by the PI3K-Akt signaling 
pathway. Curr Opin Neurobiol. 2001; 11: 297-305.

17. Hetman M, Gozdz A. Role of extracellular signal regulated kinases 1 

and 2 in neuronal survival. Eur J Biochem. 2004; 271: 2050-2055.

18. Han BH, Holtzman DM. BDNF protects the neonatal brain from 
hypoxic-ischemic injury in vivo via the ERK pathway. J Neurosci. 2000; 
20: 5775-5781.

19. Rhim JH, Luo X, Gao D, Xu X, Zhou T, Li F1, et al. Cell type-dependent 
Erk-Akt pathway crosstalk regulates the proliferation of fetal neural 
progenitor cells. Sci Rep. 2016; 6: 26547.

20. Nguyen TLX, Kim CK, Cho J-H, Lee KH, Ahn JY. Neuroprotection 
signaling pathway of nerve growth factor and brain-derived 
neurotrophic factor against staurosporine induced apoptosis in 
hippocampal H19-7/IGF-IR. Exp Mol Med. 2010; 42: 583-595.

21. Feng Y, Rhodes PG, Bhatt AJ. Neuroprotective effects of vascular 
endothelial growth factor following hypoxic ischemic brain injury in 
neonatal rats. Pediatr Res. 2008; 64: 370-374.

22. Humbert S, Bryson EA, Cordelières FP, Connors NC, Datta SR, 
Finkbeiner S, et al. The IGF-1/Akt pathway is neuroprotective in 
Huntington’s disease and involves Huntingtin phosphorylation by Akt. 
Dev Cell. 2002; 2: 831-837.

23. Colin E, RÃ©gulier E, Perrin V, Dürr A, Brice A, Aebischer P, et al. Akt 
is altered in an animal model of Huntington’s disease and in patients. 
Eur J Neurosci. 2005; 21: 1478-1488.

24. Bodai L, Marsh JL. A novel target for Huntington’s disease: ERK at the 
crossroads of signaling. The ERK signaling pathway is implicated in 
Huntington’s disease and it. Bioessays. 2012; 34: 142-148.

25. Pouladi MA, Morton AJ, Hayden MR. Choosing an animal model for the 
study of Huntington’s disease. Nat Rev Neurosci. 2013; 14: 708-721.

26. Slow EJ, van Raamsdonk J, Rogers D, Coleman SH, Graham RK, Deng 
Y, et al. Selective striatal neuronal loss in a YAC128 mouse model of 
Huntington disease. Hum Mol Genet. 2003; 12: 1555-1567.

27. Van Raamsdonk JM, Pearson J, Slow EJ, Hossain SM, Leavitt BR, 
Hayden MR.,Cognitive dysfunction precedes neuropathology and 
motor abnormalities in the YAC128 mouse model of Huntington’s 
disease. J Neurosci. 2005; 25: 4169-4180.

28. Pouladi MA, Graham RK, Karasinska JM, Xie Y, Santos RD, PetersÃ©n 
A, et al. Prevention of depressive behaviour in the YAC128 mouse 
model of Huntington disease by mutation at residue 586 of huntingtin. 
Brain. 2009; 132: 919-932.

29. Van Raamsdonk JM, Murphy Z, Slow EJ, Leavitt BR, Hayden MR. 
Selective degeneration and nuclear localization of mutant huntingtin 
in the YAC128 mouse model of Huntington disease. Hum Mol Genet. 
2005; 14: 3823-3835.

30. Duff K, McGuigan A, Huxley C, Schulz F, Hardy J. Insertion of a 
pathogenic mutation into a yeast artificial chromosome containing the 
human amyloid precursor protein gene. Gene Ther. 1994; 1: 70-75.

31. Ferrer I, Goutan E, Marín C, Rey MJ, Ribalta T. Brain-derived 
neurotrophic factor in Huntington disease. Brain Res. 2000; 866: 257-
61.

32. Zuccato C, Marullo M, Conforti P, MacDonald ME, Tartari M, Cattaneo 
E. Systematic assessment of BDNF and its receptor levels in human 
cortices affected by Huntington’s disease. Brain Pathol. 2008; 18: 225-
38.

33. Pérez-Navarro E, Canudas AM, Akerund P, Alberch J, Arenas E. Brain-
derived neurotrophic factor, neurotrophin-3, and neurotrophin-4/5 
prevent the death of striatal projection neurons in a rodent model of 
Huntington’s disease. J Neurochem. 2000; 75: 2190-2199.

34. Canals JM, Pineda JR, Torres-Peraza JF, Bosch M, Martín-Ibañez R, 
Muñoz MT, et al. Brain-derived neurotrophic factor regulates the onset 
and severity of motor dysfunction associated with enkephalinergic 

http://www.ncbi.nlm.nih.gov/pubmed/8458085
http://www.ncbi.nlm.nih.gov/pubmed/8458085
http://www.ncbi.nlm.nih.gov/pubmed/8458085
http://www.ncbi.nlm.nih.gov/pubmed/8458085
http://www.ncbi.nlm.nih.gov/pubmed/17240289
http://www.ncbi.nlm.nih.gov/pubmed/21171977
http://www.ncbi.nlm.nih.gov/pubmed/21171977
http://www.ncbi.nlm.nih.gov/pubmed/18588526
http://www.ncbi.nlm.nih.gov/pubmed/18588526
http://www.ncbi.nlm.nih.gov/pubmed/15036808
http://www.ncbi.nlm.nih.gov/pubmed/15036808
http://www.ncbi.nlm.nih.gov/pubmed/12932731
http://www.ncbi.nlm.nih.gov/pubmed/12932731
http://www.ncbi.nlm.nih.gov/pubmed/12932731
http://www.ncbi.nlm.nih.gov/pubmed/11408619
http://www.ncbi.nlm.nih.gov/pubmed/11408619
http://www.ncbi.nlm.nih.gov/pubmed/11408619
http://www.ncbi.nlm.nih.gov/pubmed/15242649
http://www.ncbi.nlm.nih.gov/pubmed/15242649
http://www.ncbi.nlm.nih.gov/pubmed/15242649
http://www.ncbi.nlm.nih.gov/pubmed/15242649
http://www.ncbi.nlm.nih.gov/pubmed/16417581
http://www.ncbi.nlm.nih.gov/pubmed/16417581
http://www.ncbi.nlm.nih.gov/pubmed/16417581
http://www.ncbi.nlm.nih.gov/pubmed/12372277
http://www.ncbi.nlm.nih.gov/pubmed/12372277
http://www.ncbi.nlm.nih.gov/pubmed/12372277
http://www.ncbi.nlm.nih.gov/pubmed/9302293
http://www.ncbi.nlm.nih.gov/pubmed/9302293
http://www.ncbi.nlm.nih.gov/pubmed/9302293
http://www.ncbi.nlm.nih.gov/pubmed/19270701
http://www.ncbi.nlm.nih.gov/pubmed/19270701
http://www.ncbi.nlm.nih.gov/pubmed/19270701
http://www.ncbi.nlm.nih.gov/pubmed/19270701
http://www.ncbi.nlm.nih.gov/pubmed/16473015
http://www.ncbi.nlm.nih.gov/pubmed/16473015
http://www.ncbi.nlm.nih.gov/pubmed/16473015
http://www.ncbi.nlm.nih.gov/pubmed/17356014
http://www.ncbi.nlm.nih.gov/pubmed/17356014
http://www.ncbi.nlm.nih.gov/pubmed/17356014
http://www.ncbi.nlm.nih.gov/pubmed/16777606
http://www.ncbi.nlm.nih.gov/pubmed/16777606
http://www.ncbi.nlm.nih.gov/pubmed/16777606
http://www.ncbi.nlm.nih.gov/pubmed/11399427
http://www.ncbi.nlm.nih.gov/pubmed/11399427
http://www.ncbi.nlm.nih.gov/pubmed/11399427
http://www.ncbi.nlm.nih.gov/pubmed/15153093
http://www.ncbi.nlm.nih.gov/pubmed/15153093
http://www.ncbi.nlm.nih.gov/pubmed/10908618
http://www.ncbi.nlm.nih.gov/pubmed/10908618
http://www.ncbi.nlm.nih.gov/pubmed/10908618
http://www.ncbi.nlm.nih.gov/pubmed/27211495
http://www.ncbi.nlm.nih.gov/pubmed/27211495
http://www.ncbi.nlm.nih.gov/pubmed/27211495
http://www.ncbi.nlm.nih.gov/pubmed/20644345
http://www.ncbi.nlm.nih.gov/pubmed/20644345
http://www.ncbi.nlm.nih.gov/pubmed/20644345
http://www.ncbi.nlm.nih.gov/pubmed/20644345
http://www.ncbi.nlm.nih.gov/pubmed/18535483
http://www.ncbi.nlm.nih.gov/pubmed/18535483
http://www.ncbi.nlm.nih.gov/pubmed/18535483
http://www.ncbi.nlm.nih.gov/pubmed/12062094
http://www.ncbi.nlm.nih.gov/pubmed/12062094
http://www.ncbi.nlm.nih.gov/pubmed/12062094
http://www.ncbi.nlm.nih.gov/pubmed/12062094
http://www.ncbi.nlm.nih.gov/pubmed/15845076
http://www.ncbi.nlm.nih.gov/pubmed/15845076
http://www.ncbi.nlm.nih.gov/pubmed/15845076
http://www.ncbi.nlm.nih.gov/pubmed/22334892
http://www.ncbi.nlm.nih.gov/pubmed/22334892
http://www.ncbi.nlm.nih.gov/pubmed/22334892
http://www.ncbi.nlm.nih.gov/pubmed/24052178
http://www.ncbi.nlm.nih.gov/pubmed/24052178
http://www.ncbi.nlm.nih.gov/pubmed/12812983
http://www.ncbi.nlm.nih.gov/pubmed/12812983
http://www.ncbi.nlm.nih.gov/pubmed/12812983
http://www.ncbi.nlm.nih.gov/pubmed/15843620
http://www.ncbi.nlm.nih.gov/pubmed/15843620
http://www.ncbi.nlm.nih.gov/pubmed/15843620
http://www.ncbi.nlm.nih.gov/pubmed/15843620
http://www.ncbi.nlm.nih.gov/pubmed/19224899
http://www.ncbi.nlm.nih.gov/pubmed/19224899
http://www.ncbi.nlm.nih.gov/pubmed/19224899
http://www.ncbi.nlm.nih.gov/pubmed/19224899
http://www.ncbi.nlm.nih.gov/pubmed/16278236
http://www.ncbi.nlm.nih.gov/pubmed/16278236
http://www.ncbi.nlm.nih.gov/pubmed/16278236
http://www.ncbi.nlm.nih.gov/pubmed/16278236
http://www.ncbi.nlm.nih.gov/pubmed/7584064
http://www.ncbi.nlm.nih.gov/pubmed/7584064
http://www.ncbi.nlm.nih.gov/pubmed/7584064
http://www.ncbi.nlm.nih.gov/pubmed/10825501
http://www.ncbi.nlm.nih.gov/pubmed/10825501
http://www.ncbi.nlm.nih.gov/pubmed/10825501
http://www.ncbi.nlm.nih.gov/pubmed/18093249
http://www.ncbi.nlm.nih.gov/pubmed/18093249
http://www.ncbi.nlm.nih.gov/pubmed/18093249
http://www.ncbi.nlm.nih.gov/pubmed/18093249
http://onlinelibrary.wiley.com/doi/10.1046/j.1471-4159.2000.0752190.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1471-4159.2000.0752190.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1471-4159.2000.0752190.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1471-4159.2000.0752190.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/15342740
http://www.ncbi.nlm.nih.gov/pubmed/15342740
http://www.ncbi.nlm.nih.gov/pubmed/15342740


Central
Bringing Excellence in Open Access





Gil-Mohapel et al. (2016)
Email: 

Ann Neurodegener Dis  1(3): 1012 (2016) 7/7

Bettio LEB, Brocardo PS, McGinnis E, Vetrici M, Christie BR, et al. (2016) Alterations in Striatal Survival Signaling Pathways in the YAC128 Transgenic Mouse 
Model of Huntington’s Disease. Ann Neurodegener Dis  1(3): 1012.

Cite this article

neuronal degeneration in Huntington’s disease. J Neurosci. 2004; 24: 
7727-7739.

35. Giralt A, Rodrigo T, Martín ED, Gonzalez JR, Milà M, Ceña V, et 
al. Brain-derived neurotrophic factor modulates the severity of 
cognitive alterations induced by mutant huntingtin: involvement of 
phospholipaseCgamma . Neuroscience. 2009; 158: 1234-1250.

36. Xie Y, Hayden MR, Xu B. BDNF overexpression in the forebrain rescues 
Huntington’s disease phenotypes in YAC128 mice. J Neurosci. 2010; 
30: 14708-14718. 

37. Joshi PR, Wu NP, André VM, Cummings DM, Cepeda C, Joyce JA, et al. 
Age-dependent alterations of corticostriatal activity in the YAC128 
mouse model of Huntington disease. J Neurosci. 2009; 29: 2414-2427.

38. Graham RK, Pouladi MA, Joshi P, Lu G, Deng Y, Wu NP, et al. Differential 
susceptibility to excitotoxic stress in YAC128 mouse models of 
Huntington disease between initiation and progression of disease. J 
Neurosci. 2009; 29: 2193-2204.

39. Baquet ZC, Gorski J a, Jones KR. Early striatal dendrite deficits followed 
by neuron loss with advanced age in the absence of anterograde 
cortical brain-derived neurotrophic factor. J Neurosci. 2004; 24: 
4250-4258.

40. Gines S, Ivanova E, Seong IS, Saura CA, MacDonald ME. Enhanced Akt 
signaling is an early pro-survival response that reflects N-methyl-D-

aspartate receptor activation in Huntington’s disease knock-in st. J 
Biol Chem. 2003; 278: 50514-50522. 

41. Callahan JW, Abercrombie ED. Age-dependent alterations in the 
cortical entrainment of subthalamic nucleus neurons in the YAC128 
mouse model of Huntington’s disease. Neurobiol Dis. 2015; 78: 88-99.

42. Ghilan M, Bostrom CA, Hryciw BN, Simpson JM, Christie BR, Gil-
Mohapel J. YAC128 Huntington’s disease transgenic mice show 
enhanced short-term hippocampal synaptic plasticity early in the 
course of the disease. Brain Res. 2014; 1581:117-128.

43. Hansson O, Petersén A, Leist M, Nicotera P, Castilho RF, Brundin 
P.Transgenic mice expressing a Huntington’s disease mutation are 
resistant to quinolinic acid-induced striatal excitotoxicity. Proc Natl 
Acad Sci U S A. 1999; 96: 8727-8732.

44. Hansson O, Castilho RF, Korhonen L, Lindholm D, Bates GP, Brundin 
P.,Partial resistance to malonate-induced striatal cell death in 
transgenic mouse models of Huntington’s disease is dependent on age 
and CAG repeat le... J Neurochem. 2001; 78: 694-703.

45. MacGibbon GA, Hamilton LC, Crocker SF, Costain WJ, Murphy 
KM, Robertson HA, et al. Immediate-early gene response to 
methamphetamine, haloperidol, and quinolinic acid is not impaired in 
Huntington’s disease transgenic mice. J Neurosci Res. 2002; 67: 372-
378.

http://www.ncbi.nlm.nih.gov/pubmed/15342740
http://www.ncbi.nlm.nih.gov/pubmed/15342740
http://www.ncbi.nlm.nih.gov/pubmed/19121372
http://www.ncbi.nlm.nih.gov/pubmed/19121372
http://www.ncbi.nlm.nih.gov/pubmed/19121372
http://www.ncbi.nlm.nih.gov/pubmed/19121372
http://www.ncbi.nlm.nih.gov/pubmed/21048129
http://www.ncbi.nlm.nih.gov/pubmed/21048129
http://www.ncbi.nlm.nih.gov/pubmed/21048129
http://www.ncbi.nlm.nih.gov/pubmed/19244517
http://www.ncbi.nlm.nih.gov/pubmed/19244517
http://www.ncbi.nlm.nih.gov/pubmed/19244517
http://www.ncbi.nlm.nih.gov/pubmed/19228972
http://www.ncbi.nlm.nih.gov/pubmed/19228972
http://www.ncbi.nlm.nih.gov/pubmed/19228972
http://www.ncbi.nlm.nih.gov/pubmed/19228972
http://www.ncbi.nlm.nih.gov/pubmed/15115821
http://www.ncbi.nlm.nih.gov/pubmed/15115821
http://www.ncbi.nlm.nih.gov/pubmed/15115821
http://www.ncbi.nlm.nih.gov/pubmed/15115821
http://www.ncbi.nlm.nih.gov/pubmed/14522959
http://www.ncbi.nlm.nih.gov/pubmed/14522959
http://www.ncbi.nlm.nih.gov/pubmed/14522959
http://www.ncbi.nlm.nih.gov/pubmed/14522959
http://www.ncbi.nlm.nih.gov/pubmed/25772440
http://www.ncbi.nlm.nih.gov/pubmed/25772440
http://www.ncbi.nlm.nih.gov/pubmed/25772440
http://europepmc.org/abstract/med/24949563
http://europepmc.org/abstract/med/24949563
http://europepmc.org/abstract/med/24949563
http://europepmc.org/abstract/med/24949563
http://www.ncbi.nlm.nih.gov/pubmed/10411943
http://www.ncbi.nlm.nih.gov/pubmed/10411943
http://www.ncbi.nlm.nih.gov/pubmed/10411943
http://www.ncbi.nlm.nih.gov/pubmed/10411943
http://www.ncbi.nlm.nih.gov/pubmed/11520890
http://www.ncbi.nlm.nih.gov/pubmed/11520890
http://www.ncbi.nlm.nih.gov/pubmed/11520890
http://www.ncbi.nlm.nih.gov/pubmed/11520890
http://www.ncbi.nlm.nih.gov/pubmed/11813242
http://www.ncbi.nlm.nih.gov/pubmed/11813242
http://www.ncbi.nlm.nih.gov/pubmed/11813242
http://www.ncbi.nlm.nih.gov/pubmed/11813242
http://www.ncbi.nlm.nih.gov/pubmed/11813242

	Alterations in Striatal Survival Signaling Pathways in the YAC128 Transgenic Mouse Model of Huntingt
	Abstract
	Abbreviations
	Introduction
	Materials and Methods
	Transgenic mice
	Sample collection and tissue lysate preparation
	Measurement of total BDNF levels
	Western-blot analyses
	Statistical analyses

	Results and Discussion
	Conclusion
	Acknowledgements
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4

