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Identification of AAV serotypes for gene
therapy in Krabbe iPSCs-derived
brain organoids

Krabbe disease, also known as globoid cell leukodystrophy,
is a rare lysosomal storage disorder. It is primarily caused by
mutations in the GALC gene on chromosome 14q31, leading
to GALC enzyme deficiency in lysosomes. This results in the
accumulation of toxic substrate psychosine in the nervous
systems.1 Currently, hematopoietic stem cell trans-
plantation is the only available treatment, offering only a
delay in neurological deterioration. Gene therapy, partic-
ularly using recombinant adeno-associated viruses (AAVs),
shows promise for treating genetic diseases by introducing
functional genes into target cells.2

Human brain organoids, particularly those derived from
patient-specific induced pluripotent stem cells (iPSCs), offer
a compelling model for recapitulating the physiological and
pathological features of the human brain. We previously
developed a model utilizing iPSCs (K-iPSCs, PUMCi001-A)
from a patient with Krabbe disease.3 In the current study,
we have advanced this work by generating brain organoids
from the K-iPSCs. The induction process and critical stages
are illustrated in Figure 1A. Following a differentiation
period of six weeks, we identified the formation of an SOX2þ

ventricular zone-like layer and a TUJ1þ neuronal layer
within the brain organoids (Fig. 1B). Further histological
analysis of the dorsal cortex region in the organoids,
employing pax6þ radial glial cells and tuj1þ neuron markers,
revealed a characteristic tissue architecture akin to the
zone-like layer, with neurons positioned at the basal sur-
face. Moreover, MAP2 immunostaining, indicative of
neuronal presence, confirmed the existence of a basal
neural layer that resembles the preplate. The detection of
KI67, a cell proliferation marker, across numerous cells
corroborated the active proliferation of radial glial cell-like
cells in the zone-like layer. We also observed the distribu-
tion of astrocytes and oligodendrocytes in the Krabbe iPSC-
derived brain organoids (Fig. 1B). Genomic sequencing of
the brain organoids allowed us to identify mutation sites
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within the GALC gene, characteristic of Krabbe disease, in
the organoid model (Fig. S1). The hallmark biochemical
features of Krabbe disease, namely reduced GALC enzyme
activity and elevated levels of the GALC substrate psycho-
sine, were quantitatively assessed. The enzyme activity of
GALC was markedly diminished, and psychosine content was
significantly elevated in the Krabbe organoids compared
with those derived from the H9 human embryonic stem cell
line (Fig. S2, 3). These findings demonstrate that the brain
organoids generated in this study not only mirror the
structural attributes of brain tissue but also faithfully
maintain the genetic and biochemical hallmarks of Krabbe
disease, thus validating their application as a disease model.

AAVs are extensively utilized as vectors for gene therapy
in monogenic disorders.4 However, the infectivity of
different AAV serotypes in the human brain has not been
comprehensively studied. In our investigation, we
employed Krabbe patient-derived brain organoids to screen
for AAV serotypes with high infection efficiency in human
brain tissue. A mixture of AAV serotypes, including AAV1,
AAV2, AAV5, AAV6, AAV7, AAV8, AAV9, AAVrh10, AAV-
PHP.eB, AAV-Anc80, and AAV-DJ, each carrying a unique
DNA barcode, was introduced into the organoids. Seven
days post-infection, we extracted total RNA from the
organoids and quantified the prevalence of each AAV
serotype using quantitative PCR, with the viral genome of
the AAV serotype mixture serving as a reference (Fig. 1C).
Our analysis indicated that AAV5 was the most efficient in
transducing the brain organoids, followed by AAV6 and
AAV2. To ascertain the efficacy of the hGALC-His fusion
protein as a therapeutic strategy in Krabbe disease models,
we engineered AAV serotype 5 (AAV5) vectors harboring the
construct for a 6xHis-tagged GALC (AAV5-CBA-hGALC-His).
Following transduction of the Krabbe brain organoids, we
observed a significant up-regulation in GALC expression in
comparison to the untransduced controls, AAV9-CBA-
hGALC-His and AAVrh10-CBA-hGALC-His, as depicted in
Figure 1D. Immunofluorescence analysis further validated
the intracellular expression of the hGALC-His protein within
behalf of KeAi Communications Co., Ltd. This is an open access
by/4.0/).
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the organoids, and co-staining demonstrated that AAV2/5
can efficiently transduce neurons (stained with NeuN), ol-
igodendrocytes (stained with Olig2), and astrocytes
(stained with GFAP) within the organoids (Fig. 1E). The co-
staining confirms that AAV2/5 has a broad tropism within
the central nervous system cellular environment.
Figure 1 Establishment of Krabbe iPSCs-derived brain organoid
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of the biochemical pathology associated with Krabbe dis-
ease and underscoring the therapeutic potential of this
gene therapy approach.

This investigation successfully generated a human brain
organoid model from the iPSCs of a patient with Krabbe
disease. The model adeptly replicated the key pathological
hallmarks of the disease, both structurally and biochemi-
cally, thus providing an invaluable platform for in-depth
mechanistic studies and therapeutic screenings. The brain
organoid model offers several advantages over traditional
animal models: it more accurately represents the human
brain’s architecture and cellular composition, which is
crucial for studying a human-centric pathology like Krabbe
disease; it retains the patient-specific genetic background,
ensuring the preservation of the disease’s genetic in-
tricacies; and it circumvents the ethical and immunological
complications often associated with animal research,
thereby facilitating preliminary gene and cell therapy in-
vestigations. The research unveiled that the cultivated
organoids bore a striking resemblance to human brain ar-
chitecture, complete with neuroepithelial and matrix-like
regions. At the molecular level, these organoids preserved
hallmark mutations of the GALC gene, displayed diminished
GALC enzyme activity, and accumulated psychosine,
effectively recapitulating the defining features of Krabbe
disease. Employing brain organoids as a model, Josse et al
embarked on a comparative analysis of the transduction
efficiencies of AAV5 and AAV9, uncovering that AAV5 out-
performed AAV9 in this regard,5 a discovery that resonates
with our observations. Expanding upon this, our compre-
hensive assessment of 11 distinct AAV serotypes in brain
organoids pinpointed AAV5 as the frontrunner, with AAV6
and AAV2 trailing closely behind. Ultimately, our investi-
gative efforts have endorsed AAV5 as the superior vector for
brain organoid transduction, bolstering its status as a prime
candidate for Krabbe disease gene therapy. The successful
expression and restoration of GALC enzyme activity, as well
as the reduction in psychosine levels after treatment with
AAV5-CBA-hGALC, verify the potential of AAV5 as a feasible
vector for therapeutic intervention.

In summary, we have pioneered a brain organoid model
derived from iPSCs obtained from a patient with Krabbe
disease. Through meticulous examination, we assessed the
transduction efficiencies of 11 prevalent AAV serotypes
within these organoids. Our findings revealed that AAV5
outshines its counterparts with the highest transduction
efficiency. Building on this discovery, we adeptly harnessed
AAV5 to deliver the GALC gene, catalyzing a significant
resurgence in GALC enzyme activity and curtailing the
buildup of psychosine, the toxic substrate associated with
Krabbe disease, within the organoids (Fig. 1H). This
groundbreaking study not only furnishes a robust human
disease model that will propel Krabbe disease research
forward but also introduces a promising viral vector, of-
fering a potential gene therapy strategy for combatting this
challenging disorder.
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