Characterisation of GABAergic neurotransmission within basal ganglia circuit in R6/1 Huntington disease model
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INTRODUCTION
GABA is the major inhibitory neurotransmitter in the brain. It has been
recognized that the abnormality of GABAergic neurotransmission is
involved in many neurological disorders, especially in dyskinesia such
as Huntington's chorea. This disease is a hereditary neurodegenerative
disorder which is caused by over numbered CAG triplet repeats in
huntingtin gene. The characteristic symptoms including rigidity, tremor,
writhing motions and, as the disease progresses, some cognitive
impairment, such as memory deficits. It is admitted that the damage of
Striatal Medium Spiny Neurons (MSNs, GABAergic) likely contributes to
the early jerky movement, and the Globus Pallidus (GP) which receives
projections from the Striatum (or Caudate Putamen, CPu) is also
involved in the chorea symptoms. Therefore, a mouse model expressing
exon1 of human HD gene with a high number of CAG trinucleotide
repeats (R6/1 mouse) is used in this study. The two most affected basal
ganglia components, CPu and GP are mainly investigated to verify
whether the altered GABAergic neurotransmission in these two
structures may contribute to motor symptoms.

Results: Body weight and brain weight
All mice are weighed at the similar
time of day (14:00-16:00). Red bars
indicate body weight. Wild type,
33.99±1.263g N=12; R6/1, 21.34±
0.5550g N=8. Unpaired two-tailed
t test, P<0.0001. For all the brains,
the olfactory bulb is removed and
the spinal cord is cut off to medulla
oblongata. Green bars represent
brain weight. Wild type, 0.4474±
0.0063g N=11; R6/1, 0.3360±0.0427g
N=8. Unpaired two-tailed t test, P<0.01.

Results: Western blotting

Protein extractions from different brain structures,
including GP, CPu, Tha (thalamus), Hipp (hippocampus)
and Cort (motor cortex) are subjected to SDS
polyacrylamide gel electrophoresis and blotted for
immunostaining. The detection is performed with
chemiluminescent substrates and photographic film.

Results: Immunohistochemistry

GABA receptor α1 subunit, N=4

Results: GP and CPu volume estimation

We first evaluated the change of animal body weight, brain weight
and the volume of CPu and GP at symptomatic age (6 months) of the
R6/1 mouse model. Afterwards, we used western blotting and
fluorescent immunohistochemistry to quantify the expression level of
protein markers of GABAergic neurotransmission, including Vgat, GAD6,
gephyrin, and GABA receptor α1 subunit, in different brain structures.

Vgat, N=4

IHC for protein quantification. GABA receptor α1 subunit and Vgat expression have been
measured in the GP and CPu. N=13

GABA receptor α1 subunit (red) , Vgat
(green) and parvalbulmin (PV, cyan)
triple labeling in the GP of HD mouse.
The colocalizaion of both pre-synaptic
and post-synaptic markers reveals the
distribution of synapses. The cell
marker (PV) shows the organizaion of
dentrites and neurons in tissue.

METHODS
Animals: Male R6/1 (125 CAGs) and wild-type littermates at age of 6
months.
Body weight and brain weight: The brains are taken right after body
weighing. Olfactory bulb is removed as well as the spinal cord (to
medulla oblongata).
GP and CPu volume estimation: Acetylcholinesterase staining is
performed on serial 60 µm slices containing whole GP and CPu structure.
The volume is calculated by
Western blotting: All the mice are sacrificed, intro-cardiac perfused with
ACSF. The brains are sliced by LEICA VT 800 vibratom with ACSF
immersion and carbogen supply. 5 structures are dissected from the
slices and collected for protein extraction. 3 mice each group, 3 to 4
groups are used for western blotting.
Quantifying fluorescent immunohistochemistry: The labelling is done
with 100 µm free-floating sections. Confocal microscope is applied to
take stacks of images from certain areas. 3 pictures per stack with
highest grey levels are used to measure the protein expression.
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CONCLUSION

Globus Pallidus and Striatum (caudate putamen, CPu) volume estimation.
GP(wt), 0.9081± 0.02516 mm3 N=8; GP(R6/1), 0.8160± 0.02714 mm3 N=8.
Two tailed unpaired t test, P=0.0261, significant. CPu(wt), 10.50±0.2198 mm3
N=6; CPu(R6/1), 7.303±0.3553 mm3 N=7. Two tailed unpaired t test, P<0.0001,
significant.

GABA receptor γ2 subunit, N=4

Neuroligin2 N=3

1. In the R6/1 model, body weight and brain weight are
significantly reduced at symptomatic age. The volume of
GP and CPu in the basal ganglia is also significantly
reduced.
2. The protein markers of GABAergic transmission, such as
GAD6, gephyrin, and GABA receptor α1 subunit, are
significantly altered in the GP and (or) CPu, indicating
the misregulation of inhibitory neurotransmission may
underlie movement abnormalities in HD.

