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Early alterations of autophagy in Huntington disease-like mice
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In a recent study, we reported in vivo
evidence of early and sustained altera-
tions of autophagy markers in a novel
knock-in mouse model of Huntington
disease (HD). The novel model is
derived from selective breeding of
HdhQ150 knock-in mice to generate
mice with ~200 CAG/polyglutamine
repeats (HdhQ200). HdhQ200 knock-
in mice exhibit an accelerated and more
robust motor phenotype than the par-
ent line with detectable abnormalities at
50 weeks and substantial impairments
at 80 weeks. Heterozygous HdhQ200
knock-in mice accumulate htt aggregates
as cytoplasmic aggregation foci (AF)
as early as 9 weeks of age followed by
striatal neuronal intranuclear inclusions
(NIIs) by 20 weeks. By 40 weeks, striatal
AF are perinuclear and immunoreactive
for ubiquitin and the autophagosome
marker LC3. Increased LC3-II protein
expression is noted at 9 weeks and sus-
tained throughout the disease course,
and is paralleled by increased expression
of p62. Early and sustained expression of
autophagy-related proteins in this genet-
ically precise mouse model of HD sug-
gests that alteration of autophagic flux
is an important and early component
of neuronal response to polyglutamine
expanded huntingtin.

The pathogenic role of misfolded and
aggregated polyglutamine (polyQ) pro-
teins has increased interest in defining the
role of protein quality control pathways in
HD and other polyQ diseases. Much of
the work to date has been carried out with
in vitro, invertebrate or transgenic murine
models of HD. Knock-in models have
the theoretical advantage of examining
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the effects of mutant htt (mhtt) in the
context of physiological gene regulation,
but knock-in models characterized to
date have had relatively mild phenotypes.
Given the relationship between CAG/
polyQ repeat length and age of onset in
polyQ diseases, generation of knock-in
models with very long CAG/polygluta-
mine repeats may produce more robust
phenotypes and facilitate analysis of dis-
ease mechanisms. We evaluated a knock-
in HD model with ~200 repeats generated
by selective breeding of the HdhQI150
line, which has ~150 repeats.

Heterozygous HdhQ200 mice show
progressive motor impairments on a bal-
ance beam task starting at 50 weeks,
months earlier than the age at which these
abnormalities appear in HdhQ150 mice.
These motor deficits are followed at 60
weeks by progressive gait deficits demon-
strated by footprint analysis. Severe motor
deficits at 80 weeks are paralleled by stria-
tal and cortical astrogliosis, and an ~50%
reduction in striatal dopamine receptors.
At 80 weeks, stereological analysis reveals
no striatal neuron loss, thus it is likely that
the behavioral abnormalities of HdhQ200
mice reflect neuronal dysfunction rather
than overt neurodegeneration. Striatal
neurons of 80-week old HdhQ200 het-
erozygous mice contain many, often large,
cytoplasmic vacuoles. This motor phe-
notype is even more aggressive in homo-
zygous HdhQ200 mice, with marked
impairments by 40 weeks of age.

We applied a sensitive histochemical
method employing biotinylated polyQ
peptide to demonstrate early cytoplasmic
deposition of mhtt protein aggregates
in neurons. These aggregation foci (AF)
were present in striatal neurons as early as
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Figure 1. A schematic indicating autophagosome and lysosome formation under (A) normal conditions in the presence of wild-type htt or (B-D) in
the presence of mhtt. Three possible consequences of mhtt expression in neurons are (B) inefficient cargo loading of autophagosomes; (C) increased
normal autophagic flux in response to mhtt, resulting in an increased number of autophagosomes, lysosomes and autolysosomes; and (D) increased
number of autophagosomes and lysosomes when turnover is blocked distally, for example, by diminished fusion of autophagosomes and lysosomes.

9 weeks, well before neuronal intranuclear
inclusions (NIIs) appear. This observa-
tion is consistent with the detection of
cytoplasmic aggregates in HD brains, as
postmortem brains with early grade dis-
ease contain more neuropil aggregates
than NIIs. Initially expressed diffusely
in the cytoplasm, AF shift to a peri-
nuclear localization by 40 weeks of age.
Perinuclear AF in striatal neurons colocal-
ize with the autophagosome marker LC3,
and the development of AF is paralleled
by increased expression in LC3 immuno-
reactive cytoplasmic puncta, suggesting
increased expression of autophagosomes
and association of AF with auto-
phagosomes. The perinuclear localization
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of AF in 40-week old mice and their
absence from the nucleus are consistent
with association with autophagosomes
and/or lysosomes. Consistent with our
morphological results, western blotting
indicates early and persistent elevation of
LC3-1I and p62 in HdhQ200 heterozy-
gous mouse brain. Elevated LC3-II and
p62 levels are detected as early as 9 weeks
and remain elevated until 80 weeks.

Is this alteration in autophagic mark-
ers a reflection of increased autophagy
flux or a result of an autophagy block?
LC3-1I is uniquely associated with auto-
phagosomes, and increased expression
of LC3-II and LC3

vesicles often is interpreted as evidence
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of increased autophagic flux. The protein
p62 is another key actor in autophagy;
this ubiquitin-binding protein is thought
to mediate the entry of abnormal proteins,
including mbhtt, into autophagosomes by
binding LC3-II. Increased p62 expres-
sion, however, is commonly interpreted
as evidence of reduced autophagic flux.
Jointly increased expression of LC3-1I and
p62 could reflect a downstream block in
autophagic flux or result from a recently
described cargo-loading abnormality asso-
ciated with mhtt. Direct measurements of
autophagic flux in vivo are needed to deter-
mine whether our findings in HdhQ200
mice result from increased autophagy,
a cargo loading defect, or a block in the
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pathway downstream of autophagosome
formation (see Fig. 2). While changes
in autophagy are often assumed to be a
response to mhtt, there are also suggestions
that htt has important normal functions in
protein quality control. Alteration of these
hypothesized normal functions also could
drive changes in autophagy markers.
Clearly, much remains to be learned
about autophagy and other aspects of
protein quality control in polyQ and
other neurodegenerative proteinopathies.
HdhQ200 mice, with their early and
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sustained abnormalities in this important
protein quality control pathway, are likely
to be a useful tool in sorting out the com-
plexities of protein quality control in these
diseases.
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