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network has a single bump of activity. If the 
attractor network has multiple bumps, the 
distribution of map similarities between grid 
cells that project to a third cell and those that 
do not may indeed be very similar (Fig. 1d).  
Each neuron receives input from a region 
that is comparable in radius to the distance 
between the bumps of activity. Within this 
circular area, cell pairs have a given distri-
bution of phase similarities. The important  
point is that it is possible to find an equal 
number of cell pairs outside the circle  
(not projecting to the third cell) with the same 
spatial rate maps as the ‘inside’ pair. These ‘out-
side’ cell pairs are located in a different part of 
the network, but because firing patterns across 
the network are periodic, the outside pair may 
nonetheless fire at locations identical to those 
of the inside pair. Consequently, the rate-map 
similarities will be very similar for projecting 
and non-projecting cells, as seen in the data.

Understanding the circuitry involved in 
the generation of spatially selective cells in 
the medial entorhinal cortex is an important 
problem. The study from Buetfering et al.11 
is the first to characterize unequivocally the 
firing properties of one subclass of entorhi-
nal interneurons, although this population is 
itself likely to be heterogeneous morphologi-
cally, anatomically and functionally14. Their 
approach is enormously useful as a way to 
unwind the functional circuitry of the MEC, 
with its multiplicity of cell types. The power 
of such experimental tools may be further 
enhanced by new methods of statistical infer-
ence of network connectivity that go beyond 
analyzing pairwise correlations15.
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astrocytes go awry in Huntington’s disease
C Savio Chan & D James Surmeier

It is widely believed that Huntington’s disease is driven exclusively by neuronal dysfunction. Work now challenges this 
view, showing that mutant huntingtin in astrocytes leads to dysregulation of extracellular K+.
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Huntington’s disease is a rare neurodegen-
erative disorder with a variety of symptoms, 
most notably uncontrolled movements (called 
chorea) in the early stages of the disease1. 
Woody Guthrie, the famed folk singer, died of 
Huntington’s disease. Over two decades ago, 
it was discovered that this disease is caused 
by the expansion of a CAG repeat domain 
in the huntingtin (Htt) gene. The resulting  
dysfunction has long been thought to be 
strictly neuronal in nature. However, in this 
issue of Nature Neuroscience, Tong et al.2 
provide compelling evidence that mutant 
huntingtin (mHtt) triggers downregulation 
of a key potassium channel in striatal astro-
cytes, potentially driving excitotoxic damage 
to neuronal circuits. This insight reframes 
our understanding of the pathogenesis of  
this disease.

Although huntingtin is ubiquitously 
expressed in the cells of the brain, the pathology  
in patients with Huntington’s disease is most 

prominent in the striatum, a part of the brain 
that is involved in the control of volitional 
movement and habits3,4. Because the princi-
pal neurons of the striatum, spiny projection 
neurons (SPNs), wither and die in patients, 
they have been the focus of researchers in 
the field from the beginning. Although it is 
clear that the accumulation of mHtt in SPNs 
could be responsible for their atrophy and 
ultimate death, there have been hints that glia 
might be abetting this process rather than 
simply being innocent bystanders. There are 
three main classes of glia: oligodendrocytes, 
microglia and astrocytes. Microglia are highly 
mobile immune cells in the brain, ridding 
it of debris and helping to remodel neural  
circuits. Astrocytes are the ubiquitous ‘glue’ 
that holds the tissue together and keep it work-
ing properly. For example, astrocytes regulate 
the concentration of ions and neurotransmit-
ters in the extracellular space to prevent the 
products of neural activity from building up 
and interfering with network function, a bit 
like a housekeeper who vacuums and washes 
the dishes after a party.

Studies some years ago had shown that 
astrocytes in patients accumulate mHtt, just 
like neurons, and that expressing mHtt in 
them compromises their ability to remove  

glutamate from the extracellular space, leading 
to the proposition that they could be promot-
ing striatal excitotoxicity—long thought to  
drive pathogenesis in Huntington’s disease5–7. 
But what has been lacking is a demonstration 
that astrocytes contribute to pathogenesis in 
mouse models that mimic the human condi-
tion. This fundamental gap is filled by the work 
of Tong et al.2. In the most extensively studied 
Huntington’s disease model, the R6/2 mouse8, 
the authors found that the onset of motor 
symptoms was tightly correlated with depo-
larization of striatal astrocytes. Surprisingly, 
given the widespread expression of the mHtt 
fragment in this model, the change in astrocyte  
physiology appeared to be specific to the 
striatum, as it was not seen in hippocampus.  
The authors traced the depolarization back to 
a reduction in current through a constitutively 
active astrocytic potassium channel (Kir4.1) 
that is thought to help keep extracellular K+ 
low and neurons hyperpolarized (Fig. 1).  
As predicted from this deficit, extracellular 
K+ in the striatum of R6/2 mice was elevated 
and SPNs were depolarized. The depolariza-
tion was not dramatic, but it was enough to 
substantially increase their excitability.

What is the connection between mHtt and 
astrocyte expression of Kir4.1? One of the 
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Figure 1  mHtt accumulation in astrocytes impairs extracellular K+ buffering and increases the 
excitability of striatal SPNs. (a) Schematic of SPN and a neighboring astrocyte, which uses Kir4.1 
channels to buffer extracellular K+. In addition, astrocytic Glt-1 also takes up glutamate released at 
corticostriatal and thalamostriatal synapses. (b) In the normal striatum, astrocytes (light gray) keep 
extracellular K+ (blue) low, limiting the spiking of SPNs. In Huntington’s disease, impaired Kir4.1 
function in astrocytes containing mHtt (dark gray) elevates extracellular K+ and SPN spiking, potentially 
promoting excitotoxicity.
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Does it bring down extracellular glutamate? 
One intriguing side observation of Tong et al.2 
was that boosting Kir4.1 expression in astro-
cytes led to an increase in the expression of the 
glutamate transporter Glt-1. If this finding is 
robust, it would mean that boosting astrocyte 
Kir4.1 expression would benefit SPNs in two  
complementary ways: by hyperpolarizing 
SPNs, moving them away from the voltage at 
which NMDA receptors become unblocked 
by Mg2+, and by promoting the removal of 
the NMDA receptor ligand glutamate. And 
finally, does increasing the expression of 
Kir4.1 channels correct abnormalities in the 
activity of SPNs? Clearly, any correction would 
only be partial, as mHtt has direct effects on 
SPN physiology, but even a modest reduc-
tion in excitability could have long-term 
benefits. This might be particularly true for  
indirect-pathway SPNs. These SPNs are the 
most excitable and the most vulnerable in 
Huntington’s disease.

How do these observations fit into the larger 
picture of Huntington’s disease pathogenesis? 
Although astrogliosis is widely accepted as 
a late-stage driver of neurodegeneration in 
Huntington’s disease (and other neurodegen-
erative diseases, such as Parkinson’s disease), 
astrocytes have not been viewed as participants 
in the early events leading to neuronal pathol-
ogy. This has been assumed to be purely a con-
sequence of mHtt in neurons. Taken together 
with earlier work on astrocytes, the Tong et al.2 
study will force a reevaluation of that position. 
Huntington’s disease is looking more and more 
like a complex interplay or dance between 
astrocytes and neurons. Understanding how 
they partner in Huntington’s disease will 
undoubtedly provide insights into how this 
dance goes awry in other, more common 
neurodegenerative conditions, including 
Parkinson’s disease.
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pathological hallmarks of Huntington’s dis-
ease is the intracellular aggregation of mHtt 
protein. Tong et al.2 found these aggregates 
in astrocytes of symptomatic R6/2 mice. 
Moreover, they found that, in aggregate-laden 
astrocytes, Kir4.1 expression was lower than 
in normal-looking neighbors. As interesting 
as these observations were, however, it could 
be that astrocytic downregulation in Kir4.1 
channel currents was an effect, not a cause. 
Although others had shown that globally 
reducing astrocyte Kir4.1 expression induces 
a motor phenotype with some Huntington-
like features9, it was impossible to infer that 
these features had their origins in the striatum. 
To nail this down, Tong et al.2 tried to rescue 
astrocyte and SPN excitability by bumping 
up the expression of Kir4.1 channels using a 
gene therapy strategy. Sure enough, increasing 
the expression of functional Kir4.1 channels 
restored astrocyte membrane potential. It also 
partially restored the excitability of SPNs. Even 
more impressive, increasing astrocyte Kir4.1 
expression ameliorated the motor deficits of 
R6/2 mice and they lived longer.

One caveat to the R6/2 model is that its dis-
ease is very aggressive, with mice becoming 
very disabled within 3 months of birth and 
dying prematurely. As a consequence, there is 
a concern that it may engage mechanisms not 
found in the more slowly progressing human 

disease. To address this concern, the authors 
examined a more slowly progressing model, 
the Q175 knock-in mouse8. Sure enough, 
astrocytes in this model behaved the same way 
as they did in the R6/2 mouse. Adding weight 
to the conclusion that they had found some-
thing relevant to the human condition, the  
expression of Kir4.1 channels was reduced in 
the striatum of patients.

As is the case with even the best of studies, 
there are some loose ends. One loose end is 
how mHtt aggregates cause the downregu-
lation of Kir4.1 channels. Another is why  
downregulation of Kir4.1 in a relatively small 
subset of astrocytes (~20% in the striatum of 
symptomatic R6/2 mice) can trigger a broad 
deficit in astrocytic membrane potential and 
an elevation in extracellular K+. It could be 
that this is a consequence of the electrical 
syncytium formed by astrocytes (using gap  
junctions), or it could be that the Kir4.1 deficit 
is more widespread than it appeared.

Another important loose end is the effect 
on the striatal network of upregulating Kir4.1 
expression in astrocytes. The behavioral work 
suggests that it does something important, 
but precisely what isn’t clear. Does boost-
ing astrocyte Kir4.1 expression normalize 
extracellular K+ in the striatum of a behaving  
mouse, where neuronal activity (and K+ 
efflux) is more likely to challenge astrocytes? 
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