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The utilization of human induced pluripotent stem cells and brain organoid technologies in
Huntington’s disease research
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Medical Sciences, Nanjing Medical University, Nanjing 211166, China

[Abstract] Huntington’s disease (HD) is an autosomal dominant genetic disorder caused by the abnormal CAG repeat expansion in
the Huntingtin (HTT) gene. It is clinically characterized by choreiform movements, progressive cognitive impairments, and psychiatric
symptoms, with no cure currently available. Although the research based on traditional animal models and human tissues has revealed
key pathological features such as mutant HTT protein aggregation and selective striatal neuron loss, significant limitations remain in
understanding human - specific disease mechanisms. The development of human induced pluripotent stem cell (hiPSC) and brain
organoid technology has enabled the construction of human - specific HD models, providing revolutionary platforms for elucidating
pathological mechanisms and developing novel therapeutic strategies. This review summarizes the developmental trajectories of both
HD patient-derived induced pluripotent stem cell (HD-iPSC) and human brain organoid technology, highlights the research findings
and significance of HD -iPSC -derived cells, various brain organoids, and assembloids in HD research, and discusses the current
challenges and future prospects of brain organoid applications.
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NSC: neural stem cell; NPC: neural progenitor cell; iPSC: induced pluripotent stem cell; BMEC: brain microvascular endothelial cell.
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Figure 1

Application of iPSC and human brain organoid technologies in HD research
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Table 1 Overview of the directed differentiation of iPSC: types and molecular markers

Type of differentiated cell Molecular marker Main result Reference
NSC NESTIN/SOX1/PAX6 Enhanced caspase activity under growth factor de- [18]
Striatal neuron DARPP32/TUJ1/Calbindin/GABA ~ privation
NSC NESTIN/PAX6 Disease - associated changes in electrophysiology, [19]
NPC NESTIN/PAX6/SOX 1/SOX2/Musashi metabolism, cell adhesion, and ultimately cell

death; vulnerable to cellular stressors and BDNF
Striatal neuron DARPP32/BCLI1B/MAP2/TUJT/GABA -y 11awal
NSC NESTIN/SOX1 Correction of disease mutations normalized patho- — [12]

DARPP32/TUJ1/Calbindin/GABA

Striatal neuron

GFAP/TUJ1/MAP2/DARPP32

Mixed neural culture

TUJ1

Neuron

TUJ1/MAP2/GAD67/Calbindin/
DARPP32

GABAergic neuron and
MSN

genic HD signaling pathways and reversed disease
phenotypes

Altered neurodevelopment; altered cellular path- — [21]
ways related to neuronal function; altered matura-

tion; epigenetic changes; treatment with isoxazole -

9 led to amelioration of phenotypes

MiR-196a decreased HTT expression and pathologi- ~ [22]
cal aggregates

P110-TAT treatment prevented or slowed the pro-  [23]

gression of HD and reduced mitochondrial dysfunc-

tion and neurite shortening
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Type of differentiated cell Molecular marker Main result Reference

MSN DARPP32/CTIP2 Mitochondria with abnormal cristae and enlarged [24]
granules in neurites

MSN DARPP32/TUJ1 HV -3 blocked mHTT/VCP mitochondrial interac- [25]
tion, corrected excessive mitophagy and reduced
cell death

GABAergic neuron and MAP2/GAD67/DARPP32 CHIR99201 treatment improved mitochondrial [26]

MSN function and cell survival

GABA MSN-like neuron DARPP32/TUBB3/GAT1 Abnormal SOC -mediated calcium entry; EVP4593 [27]

(GMSLN) exerted neuroprotective effects

MSN MAP2/DARPP32 Pathologically enhanced SOC entry mediated by [28]
STIM2

Cortical neuron TUJI/MAP2/FOXG1/TBR2/TBR1/  Altered transcriptomics, morphological and func- [29]

CTIP2/SATB2 tional phenotypes indicative of altered corticogene-

sis

Astrocyte GFAP/S100B Cytoplasmic vacuolation [30]

Astrocyte GFAP/S100B Electrophysiological impairments; reduced neuro- [31]
nal support

Astrocyte GFAP Maturation and functional deficits [32]

Brain microvascular en- CD31/GLUT1/CLDN5/0OCLN/ZO1 Intrinsic abnormalities in angiogenesis and barrier ~ [33]

dothelial cell properties, as well as in signaling pathways

Brain microvascular en- CD31/GLUT1 Altered trajectory of iBMEC differentiation, barrier — [34]

dothelial cell

function and gene expression

GABA: y-aminobutyric acid.
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RAVKE ST P mHTT 222 5 25930 1 2 3%
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Table 2 Overview of human brain organoids: types and molecular markers

Types of human brain

Molecular marker Main result Reference
organoid
Cortical organoid Ki67/aPKC/p-VIM/  Precluded neuronal fate acquisition; affected early telencephalic in- [42]
NESTIN/SOX2/MAP2/ duction and late neural identity; defects in neuroectoderm and rosette
PAX6/TBR1/CTIP2  formation could be rescued by molecular and pharmacological
approaches
Forebrain organoid Ki67/SOX2/PAX6/  Imbalance between neural progenitor expansion and differentiation [43]
FOXGI
Telencephalic organoid ~ ASCL1/GSX2/ISL1/  Ventral and dorsal fate acquisition with altered differentiation pattern; [44]
NKX2.1/GAD67/  altered self-organization and ventral maturation; non-cell autonomous
CTIP2/GFAP/MAP2/  recovery of HD ventral identities by healthy cells
GABA/TBR1
Striatal organoid DARPP32/MAP2 Modeled some aspects of HD, including altered rosette structures and [46]
the proportion of striatal progenitors
Striatal organoid DARPP32/SOX2/  Mitochondrial HSF1 triggered mitochondrial dysfunction and neuro - [47]
CTIP2/GSH2/NeuN/  degeneration; suppression of HSF1 mitochondrial localization by DH1
Ki67 reduced mitochondrial dysfunction and neurotoxicity
Striatal organoid DARPP32/SOX2/  Neuronal projection defects; BDNF rescued reciprocal projection and [48]
CTIP2/GSH2/MAP2  calcium signaling
Striatal organoid DARPP32/MAP2 NEDDA4L disrupted mitochondrial function by binding to LIPT2 and [49]
promoting its degradation through ubiquitination and lysosomal path-
ways
Cortical organoid SOX2/TUJ1/Ki67 Altered corticogenesis via lowering Golgi recruiting ARF1; HD corti- [50]
cal projections aberrantly targeted striatal organoids early
Cortical organoid SOX2/TUJ1 Disrupted neurodevelopment was paralleled by aberrant neurometabol- [51]

ic programming mediated by dysregulation of CHCHD2
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