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Abstract Catching primal functional changes in early, `very far from disease onset' (VFDO)
stages of Huntington's disease is likely to be the key to a successful therapy. Focusing on VFDO
stages, we assessed neuronal microcircuits in premanifest Hdh150 knock-in mice. Employing in vivo
two-photon Ca 2+ imaging, we revealed an early pattern of circuit dysregulation in the visual cortex
- one of the first regions affected in premanifest Huntington's disease - characterized by an
increase in activity, an enhanced synchronicity and hyperactive neurons. These findings are
accompanied by aberrations in animal behavior. We furthermore show that the antidiabetic drug
metformin diminishes aberrant Huntingtin protein load and fully restores both early network
activity patterns and behavioral aberrations. This network-centered approach reveals a critical
window of vulnerability far before clinical manifestation and establishes metformin as a promising
candidate for a chronic therapy starting early in premanifest Huntington's disease pathogenesis
long before the onset of clinical symptoms.
DOI: https://doi.org/10.7554/eLife.38744.001

Introduction
Huntington's disease is caused by the expansion of a CAG repeat in the open-reading frame of the
huntingtin gene ( HTT), which translates into an expanded glutamine stretch in the aberrant, mutant
protein (mHTT). Huntington's disease has primarily been described as a late-onset neurodegenera-
tive disease. However, it is preceded in its premanifest period by a prolonged
presymptomatic phase followed by a prodromal phase with hardly detectable and unspecific symp-
toms occurring far before classical Huntington's disease becomes apparent ( Ross et al., 2014 ).
These symptoms include reduced impulse control, social disengagement, low conversational partici-
pation, reduction of the concentration span and decline of clearly defined cognitive domains
(Stout et al., 2011 ; Predict-HD Investigators of the Huntington Study Group et al., 2007 ;
Ross et al., 2014 ; Labuschagne et al., 2016 ) and are accompanied by slight changes of cortical
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network topology and functional connectivity in resting state fMRI measures ( PREDICT-
HD investigators of the Huntington Study Group et al., 2015 ; Wolf et al., 2012 ). Importantly,
such subtle network dysregulations may occur even earlier than the described prodromal symptoms
in a very far from disease onset (VFDO) premanifest stage (Figure 1a ). This stage reaches back more
than 15±20 years before motor symptoms become visible in patients and far before protein aggre-
gates and neurodegeneration are observed.

In Huntington's disease occurrence of such very early changes is supported by the observation of
early deficits in premanifest Huntington's disease mutation carriers, such as loss of phosphodiester-
ase 10A in the occipital lobe up to 47 years prior to disease onset (summarized in Wilson et al.,
2017 ). Also, the ability to perform complex visuospatial orientation, such as visual search, seems to
be altered even in pre-manifest stages far from clinical diagnosis ( Labuschagne et al., 2016 ). We
hypothesize that primal functional changes in the VFDO stage of premanifest Huntington's disease
open up very early vulnerable windows for disease development and preventive therapy prior to
neuronal loss and may also provide promising early biomarkers for therapy development
(Mehler and Gokhan, 2000 ; Kerschbamer and Biagioli, 2015 ; Humbert, 2010 ; Cepeda et al.,
2003 ).

It seems that the visual cortex is one of the first regions that are functionally affected during dis-
ease development in Huntington's disease ( Labuschagne et al., 2016 ; Dogan et al., 2013 ). In order
to identify primal network changes, we have here established a network-centered approach and
focused on microcircuit function in layer 2/3 of the visual cortex at an early premanifest stage in a
mouse model of Huntington's disease corresponding to the VFDO stage in premanifest Huntington's
disease. We have used two-photon imaging using fluorescent indicators of intracellular Ca 2+ in order
to resolve the functional architecture of intact cortical microcircuits in vivo with single neuron resolu-
tion (Grienberger and Konnerth, 2012 ). We show that even at the early age of 10 ± 15 weeks
(young adults compared to humans), the entire cortical microcircuit shifts towards a more excitable

eLife digest Huntington's disease is a devastating brain disorder that causes severe mood
disorders, problems with moving, and dementia. Most people develop the condition between their
thirties and fifties, and die a decade or two after the symptoms first appear.

The disease emerges because of a mutation in the gene for the Huntingtin protein, which leads
to neurons slowly dying in the brain. While genetic testing can reveal who carries the faulty gene, no
treatment addresses the root of the disorder or prevents it from appearing. Instead, most therapies
for Huntington's disease aim to reduce brain damage once the telltale symptoms are already
present. However, the disease-causing protein is expressed early during the life of a patient, which
could give it time to damage the brain long before neurons die and the disorder reveals itself.
Treatments that start after the first signs of the disease may be too late to reverse the damage.
Detecting and preventing early brain changes in people that carry the mutation may thus help to
stop the disease from progressing.

Here, Arnoux, Willam, Griesche et al. set out to detect the minute changes that the faulty
Huntingtin protein may cause in the brain network of young mice with the mutation. State-of-the-art
imaging tools helped to examine individual neurons in the brain area that processes visual
information. These experiments revealed that a group of brain cells had become hyperactive; once
this change had occurred, the mutant animals were less anxious than is typical for mice.

Metformin is a drug used to treat diabetes, but it also interferes with a structure that is required
to produce the disease-causing Huntingtin protein. Arnoux et al. therefore explored whether the
compound could rescue the early brain alterations observed in mutant mice. Adding metformin in
the water of the animals for three weeks halted the production of the mutant protein, reversed the
brain changes and stopped the abnormal behavior.

Further work is now required in humans to confirm that Huntington's disease starts with a change
in the activity of networks in the brain, and to verify that metformin can stop the disorder in its track.
DOI: https://doi.org/10.7554/eLife.38744.002
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