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of mutant Huntingtin (mHTT) in astrocytes leads to de-
crease in the expression of the glutamate transporter [5],
and the failure to buffer extracellular potassium and glu-
tamate leads to neuronal hyper-excitability and a HD-like
phenotype, which is reversed by restoration of astrocytic
membrane conductance [53]. In addition, astrocytes in
HD contribute to an inflammatory environment [16, 27],
which likely participates in the progression of the path-
ology. Thus, there is substantial evidence that astrocytes
play a primary role in the evolution of HD.

Whereas bulk transcriptome-wide studies have pro-
vided important insights into molecular changes in HD
[1, 14, 15, 23, 29, 38], bulk samples comprise a mixture
of cell types, so astrocyte-specific signatures in HD may
be obscured. Single cell RNA sequencing (scRNAseq) is
a powerful technique to interrogate cellular heterogen-
eity [6, 42]. Although brain banks house hundreds of
frozen postmortem brain specimens, technical difficul-
ties limit the application of scRNAseq to these samples.
However, this is not a limitation of single nucleus RNA
sequencing (snRNASeq), which accurately elucidates cel-
lular heterogeneity in a manner comparable to whole/
cytoplasmic scRNAseq [25], and can be applied to frozen
brain tissue [22]. This technique has been used to iden-
tify multiple novel, regionally-diversified cortical excita-
tory and inhibitory neuronal sub-types [24]. Recently,
massively parallel snRNASeq using droplet technology
revealed cellular heterogeneity in the human postmor-
tem cortex and hippocampus [11, 17]. The disease-
specific cell-type specific transcriptional signatures were
described in oligodendroglia in multiple sclerosis [18]
and multiple cell types in Alzheimer Disease [31] and
microglia in Alzheimer disease [39].

In this study, we performed snRNASeq of fresh frozen
cingulate cortex from Grade III/IV HD patients and
compared the results to those from non-neurological
control patients to examine single cell differences in
gene expression. We have focused here on astrocytes, al-
though we found significant differences in all cell types.
We examined the cingulate cortex, which is often af-
fected in HD patients, because the cortical pathology is
less severe than the neostriatal pathology, and because
there is little known about cortical astrocyte pathology
in HD. Finally, we focused on Grade III/IV to identify
astrocyte gene expression changes in an intermediate
stage of evolution rather than at an end stage.

Overall, we found substantial heterogeneity in astrocyte
signatures, with clear differences in population structure
between control and HD tissue samples. In particular, the
“reactive” astrocytes in HD could be divided into several
different “states”, defined by patterns of gene expression.
These ranged from astrocytes that had markedly upregu-
lated metallothionein (MT) and heat shock genes, but had
not completely lost the expression of genes associated
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with protoplasmic astrocytes, to astrocytes that had sub-
stantially upregulated GFAP and had lost expression of
many normal protoplasmic genes as well as the MT genes.
The variation in astrocytes is not surprising, given that
HD is a degenerative disease that progresses over years
and one would not expect all astrocytes to respond syn-
chronously during the course of the disease.

Studies like this one will begin to fill the knowledge
gap of single cell gene expression in HD and give us a
more detailed understanding of the variation in changes
in gene expression during astrocyte “reactions.” Further-
more, network building from these gene sets will help
define interacting genes and important regulatory genes
behind reactive astrocyte states.

Methods

Dissection of the cingulate cortex from frozen tissue
Postmortem anterior cingulate cortex specimens frozen
during autopsy from control and grade III/IV HD were
obtained from the New York Brain Bank. Four cases
(two HD and 2 control) were selected for snRNAseq and
12 cases (6 and 6) for bulk RNAseq, all with RNA integ-
rity numbers of >7. Cortical wedges measuring ~ 5 x
4 x 3 mm were dissected on a dry ice cooled stage and
processed immediately as described below. A table of
the cases and controls used is provided in Table 1.

Single nucleus RNAseq

Nuclei were isolated as described in [22]. Briefly, cortical
tissue was homogenized in a Dounce homogenizer with
10-15 strokes of the loose pestle and 10-15 strokes of
the tight pestle on ice in a Triton X-100 based, sucrose
containing buffer. The suspension from each sample was
filtered through a BD Falcon tubes with a cell strainer
caps (Becton Dickinson, cat. no. 352235), washed, re-
filtered, washed, followed by a cleanup step using iodixa-
nol gradient centrifugation. The nuclear pellet was then
re-suspended in 1% BSA in nuclease-free PBS (contain-
ing RNAse inhibitors) and titrated to 1000 nuclei/pl
The nuclear suspensions were processed by the Chro-
mium Controller (10x Genomics) using single Cell 3’
Reagent Kit v2 (Chromium Single Cell 3" Library & Gel
Bead Kit v2, catalog number: 120237; Chromium Single
Cell A Chip Kit, 48 runs, catalog number: 120236; 10x
Genomics).

Sequencing and raw data analysis

Sequencing of the resultant libraries was done on Illu-
mina NOVAseq 6000 platformV4 150bp paired end
reads. Alignment was done using the CellRanger pipeline
(10X Genomics) to GRCh38.p12 (refdata-cellranger-
GRCh38-1.2.0 file provided by 10x genomics). Count
matrices were generated from BAM files using default
parameters of the DropEst pipeline [41]. Filtering and
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