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Abstract: Mutations in the huntingtin gene on chromosome 4 leading to the repetition of the CAG
codon more than 36 times will result in autosomal dominant Huntington’s disease. Mutant HTT
protein not only disrupts the gene regulation of mitochondrial function-related proteins, but also
affects microtubules, mitochondrial dynamic fusion and division, and calcium transport. In this re-
search, we aimed to investigate the cellular pathways affected by mutant HTT in in vitro models of
Huntington’s disease generated with different in vitro differentiation protocols. To address this aim,
we re-analyzed publicly available single-cell RNA-Seq datasets derived from induced pluripotent
stem cells generated from patients with and without Huntington’s disease. The count matrices pro-
vided by the authors were re-analyzed using the Seurat package in RStudio. The use of single-cell
RNA-Seq datasets and in vitro models of Huntington’s disease allows us to compare transcriptional
signatures across neurons derived from patients with Huntington’s disease generated with different
differentiation protocols. The gene expression differences between neurons derived from Hunting-
ton’s disease and control patients may help to shed light on the cellular pathways affected in Hun-
tington’s disease.
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1. Introduction

Huntington’s disease is an autosomal dominant neurological disorder caused by the
mutation in the huntingtin (HTT) gene. CAG repeat expansion in the HTT gene of more
than 36 CAG units leads to Huntington’s disease [1]. Although progress has been made
towards a deeper understanding of the mechanistic cause of Huntington’s disease, our
knowledge about the pathways and therapeutic markers is not yet complete [13].

Induced pluripotent stem cells (iPSCs) became a popular model for understanding
neurodegenerative diseases in the recent years. iPSC-derived models of Huntington’s dis-
ease are powerful models of the disease, that have been shown to recapitulate the disease
pathology in vitro [6,7]. The faithfulness to which the in vitro models recapitulate the in
vivo Huntington’s disease pathology is yet to be determined [3].

2D and 3D in vitro models derived from iPSCs from Huntington’s disease patients
were previously used to understand the mechanism of Huntington’s disease. Single-cell
RNA-Seq using 2D model of iPSCs derived from Huntington’s disease patients and unaf-
fected controls revealed that WNT signaling is affected in Huntington’s disease, and can
be corrected using modulators of WNT signaling [9]. A similar scRNA-Seq dataset using
iPSCs derived from juvenile forms of Huntington’s disease and corrected controls sug-
gested that there is a substantial variability in gene regulation in Huntington’s disease,
and this could affect mRNA regulation and polyQ aggregation [10]. Specifically, proteins
that are known to physically interact with HTT are more variable in cells derived from
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Huntington’s disease compared to controls, which may be associated with pathology. A
3D neuroloid model of Huntington’s disease was developed to overcome the variability
in in vitro models and was found to recapitulate the basic hallmarks of human neurulation
[5].

This project focused on harvesting previously generated scRNA-Seq data from iPSCs
derived from patients with Huntington’s disease to address the variability between dif-
ferent in vitro models of Huntington’s disease. The main aim was to identify pathways
commonly dysregulated across different models of Huntington’s disease using publicly
available datasets and to determine whether 2D and 3D in vitro models of Huntington’s
disease share common transcriptional signatures when compared to unaffected controls.

2. Methods

Publicly available scRNA-Seq data generated from iPSCs derived from Huntington’s
disease and matched controls were used in this project (GSE118682 [5]; GSE1444477, [9];
GSE138525 [10]).

The scRNA-Seq datasets were re-analyzed using Seurat package in RStudio [2, 4, 8,
11]. Wherever available, normalized instead of raw counts were used to construct Seurat
objects, and the same parameters as reported by the authors were used for processing the
data. The normalized count matrices were analyzed separately for each dataset in RStudio
using the , via UMAP clustering and using the cell type markers provided by Haremaki
et al., (2019, [5]). The following gene expression markers were used to identify striatal
neurons of interest: PAX6, OTX2, EMX2, LHX5, IRX3, SOX10, FOXD3, ETS1, NGFR,
SNAI2, SIX1, EYA2, NEUROGI, POU4F1, HES6, KRT19, ANXA1, GATA3, and CLDNS,
STMN2, FAM57B, SYT4, SCG3, and GPRIN3.

Once the striatal neurons in each dataset were identified, the cells were extracted
from each matrix and integrated using the IntegrateData function in Seurat [2]. The dif-
ferentially expressed genes across the datasets were identified using FindMarkers func-
tion and visualized using DoHeatmap in Seurat [4].

3. Results and Discussion

The main goal of this project was to re-analyze publicly available scRNA-Seq datasets
from different in vitro models of Huntington’s disease to identify common transcriptional
signatures of in vitro neurons with Huntington’s disease. For this, we used the following
data available on GEO Datasets: 1. 3D neuroloid model generated from patients with and
without Huntington’s disease (GSE118682, [5]), 2. 2D model of iPSCs derived from Hun-
tington’s disease patients and unaffected controls (GSE1444477, [9]), 3. 2D model of iPSCs
derived from patients with juvenile Huntington’s disease and corrected controls
(GSE138525, [10]).

3.1. Re-analysis of GSE118682 from a 3D neuroloid model of Huntington’s disease

ScRNA-Seq generated from neuroloids derived from patients with and without Hun-
tington’s disease was first re-analyzed, to established whether this pipeline can recapitu-
late the results seen by original authors (GSE118682, [5]).

The neuroloid datasets derived from a patient with Huntington’s disease (hd) and
without (ctrl) were integrated and main cell types were identified using parameters and
cell type markers previously reported by the authors of this datasets [5]. Although this
analysis did not filter cells based on cell cycle, main clusters of cell types were identified
and the analysis recapitulated the results previously identified by the authors of this da-
taset [5]. The original results by the authors identified six main clusters of cell types, in
contrast to our eight, reflected by two clusters for neuroepithelial and neural crest cells
each instead of one (Figure 1).
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Figure 1. Re-analysis of the GSE118682 dataset [5] and clustering with UMAP revealed eight clusters, with identifiable cell
identities. NC = neural crest, NE = neural epithelium.

We repeated a similar analysis using the same cell type markers on the other two
scRNA-Seq datasets, GSE1444477 and GSE138525. In the dataset GSE144477, neuronal
cluster was clearly separate from all other cell types using the markers of striatal neu-
rons from Haremaki et al. (2019) [5]. The dataset GSE138525 contained 299 cells of
Huntington’s disease and matched control cells and contained two clusters of cell
types, with unclear separation between striatal neuron subtypes.

3.2. Integrating neuronal populations from different scRNA-Seq datasets derived from iPSCs
from patients with and without Huntington’s disease

In the next part of the analysis, only striatal neurons from each dataset were taken
forward. The neuroloid data matrix (GSE118682) was subseted to contain only the neu-
ronal cluster. This led to the identification of 85 cells, 41 control (ctrl) and 44 Huntington’'s
disease neurons (hd). The GSE144477 data matrix was also subseted to contain only stria-
tal neurons, leading to the identification of 323 cells, 308 derived from the patient with
Huntington’s disease (53n) and 15 cells derived from the patient without Huntington’s
disease (18n). The GSE138525 matrix with 299 was taken forward in full, containing 68
cells derived from a patient with juvenile form of Huntington’s disease (180CAG), 57 cells
from a matched control (96ex), 89 cells derived from a patient with Huntington’s disease
(HDiPSC) and 85 cells from its matched control (C116). These cells were integrated to form
a single Seurat object.

The cells derived from Huntington’s disease patients and controls were renamed to
‘hd’ and “ctrl’, respectively. Although control and hd striatal neurons separated clearly in
the UMAP plot (Figure 2), there were no differentially expressed genes (DE) between ctrl
and hd neurons. The top three markers identified with Find AllMarkers function in Seurat
did not reach more than 0.325 average log2FC, although the p-value was significant.
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Figure 2. Integration of striatal neurons from GSE118682, GSE138525, and GSE144477 datasets reveals separation of ctrl
and hd neurons, but no clear transcriptional differences between the two groups.

3.3. Integrating neuronal populations from scRNA-Seq datasets derived from 2D in vitro models
containing iPSCs from patients with and without Huntington’s disease
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To identify whether the 3D model could introduce bias in the results, the Seurat ob-
ject was subseted to include only 2D in vitro models, excluding the GSE118682 neuroloid
dataset. This created a count matrix with 622 cells in total, 157 ctrl and 465 hd cells. Ctrl
and hd groups separated clearly and seven DE genes were identified between ctrl and hd
cells (Figure 3). However, it is clear that the 180CAG cells from juvenile form of Hunting-
ton’s disease are driving this enrichment.
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Figure 3. Integration of striatal neurons from GSE138525 and GSE144477 datasets only suggests transcriptional differences
between ctrl and hd groups, but driven by a single sample.

3.4. Improved integration of neuronal populations from scRNA-Seq datasets derived from 2D
and 3D in vitro models containing iPSCs from patients with and without Huntington’s disease

We repeated the filtering of datasets and integration of striatal neurons, by excluding
the juvenile form of Huntington’s disease and its respective control (180CAG and 96ex)
from the dataset. This improved our ability to identify striatal neurons in the GSE138525
dataset, 42 in the C116 sample and 45 neurons in the HDiPSC sample. These were inte-
grated with striatal neurons from datasets GSE118682 and GSE144477 as described above.
Through additional filtering and identification of markers using Find AllMarkers function,
five genes were identified as DE between ctrl and hd (Figure 4). As previously, however,
two samples were driving this transcriptional difference, this time from the GSE144477
dataset. The TFIP2 gene remains interesting (average log2FC 0.252, p-value 0.0000000137),
as this was identified in the previous comparison in section 3.2. TFIP gene was previously
implicated in extracellular matrix adhesion by neurons [12].
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Figure 4. Improved integration of striatal neurons from GSE118682, GSE138525, and GSE144477
datasets reveals separation of ctrl and hd neurons and some transcriptional differences, driven by
single in vitro dataset GSE144477.
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3.5. Discussion

This analysis attempted to find common transcriptional signature across iPSC-de-
rived striatal neurons from patients with Huntington’s disease, using publicly available
scRNA-Seq datasets using 2D and 3D in vitro models.

We re-analyzed three scRNA-Seq datasets, using normalized data deposited in GEO
Datasets: GSE118682, GSE138525 and GSE144477. However, we could not find any shared
transcriptional signatures across the striatal neurons common to neurons derived from
Huntington’s disease patients vs controls. Side comparisons and heatmaps plotted per
individual samples, although identified DE genes, this difference in gene expression was
largely driven by individual samples, and was not shared across all samples, either hd or
ctrl.

Our re-analysis was likely confounded by the use of cell type markers: we chose to
use the markers of striatal neurons from GSE118682 dataset published by Haremaki et al.
(2019) [5]. However, these are markers of striatal neurons from 3D cultures, and further
care should be taken to confidently identify all striatal neurons in 2D cultures. In addition,
we did not filter cells based on cell cycle phase, which could have contributed with addi-
tional noise to our re-analysis.

4. Conclusion

In summary, we could not identify common transcriptional signatures across striatal
neurons from different models of Huntington’s disease compared to neurons from con-
trols. In vitro models remain heterogeneous and it remains to be determined which models
best recapitulate Huntington’s disease in vitro.
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