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The progressive onset of abnormal movements, psychiatric problems, and
cognitive deficits characterize Huntington's disease,! an autosomal-
dominant neurodegenerative disorder that affects approximately 5 of
every 100 000 people in the United States, Europe, and Australia.? A tri-
nucleotide CAG repeat expansion in the Huntingtin (HTT) gene prompts
the production of a mutated protein (mHTT) that misfolds and forms
clumped, rigid aggregates® that prompt the degeneration of efferent
medium spiny neurons in the striatum (which coordinates multiple aspects
of cognition), a decline in striatal volume, and whole-brain atrophy. Cellular
and molecular features of inflammation, including alterations to cytokine
levels and microglial activation,* have also been reported as features of
Huntington's disease; however, inflammation may represent a protective
mechanism during early stage disease,” with neuroinflammatory mecha-
nisms only inducing neuronal death during subsequent progression.*>
Current research aims include the development of stem cell therapies to
inhibit disease progression or treat specific pathologies and the generation
of animal models of Huntington's disease to accelerate the clinical transla-
tion of said therapies. In the first of our Featured Articles published this
month in STEM CELLS Translational Medicine, Dahlenburg et al describe
the generation and characterization of an immunodeficient mouse model
of Huntington's disease and the subsequent development of a humanized
strain to define how the human immune system impacts pathogenesis.® In
a Related Article published in STEM CELLS, Yoon et al demonstrated how
the intracerebral transplantation of clinical-grade neural stem cells (NSCs)
in a rat model of Huntington's disease prompted significant improvements
in behavioral and pathological deficits by replacing lost cells and inducing

endogenous regeneration.”

"4 STEM CELLS
& TRANSLATIONAL MEDICINE

J

MicroRNAs (or miRNAs) are short noncoding RNAs of 20 to
25 nucleotides in length that constitute a crucial part of the post-
transcriptional regulatory machinery that fine-tunes gene expression.®
miRNA-mediated regulation impacts crucial physiological processes, such
as development, proliferation, differentiation, and apoptosis, and also
participates in disease pathogenesis and aging. miRNAs bind to comple-
mentary sequences within target mRNAs to silence expression by cleav-
ing mRNA, destabilizing mRNA, or inhibitihng mRNA translation.
Alongside proteins, lipids, DNA, and other RNA species, miRNAs com-
prise one of the major cargos carried by extracellular vesicles, a heteroge-
neous group of lipid bilayer-delimited particles released by most cells for
cell-to-cell communication purposes. Our current appreciation of
miRNAs now supports their role as crucial regulators of the self-renewal
and differentiation of various stem/progenitor cell populations.” Further-
more, recent research has tightly linked the presence of extracellular
vesicle-associated miRNAs to the therapeutic output of stem cell thera-
pies in a range of distinct diseases and disorders.2%!? In the second of
our Featured Articles published this month in STEM CELLS Translational
Medicine, Ragni et al report on the characterization of the extracellular
vesicle-derived miRNA profile of human amniotic membrane-derived
MSCs in the hope of accelerating their development into a treatment for
diseases such as osteoarthritis.’? In a Related Article published in STEM
CELLS, Channakkar et al described how a brain-enriched miRNA
enhanced the differentiation of induced pluripotent stem cell (iPSC)-
derived NSCs by altering mitochondrial function in a study that the
authors hoped would facilitate the design of treatments for aging-
associated neurodegenerative diseases.*®

FEATURED ARTICLES

New Huntington's Disease Mouse Model May Support
the Development of Cell Therapies

Research from the laboratory of Kyle Fink (University of California, Davis,
Sacramento, California) had previously demonstrated that MSCs only sur-
vived for seven days in the absence of immunosuppression in the
YAC128 transgenic mouse model of Huntington's disease,***° thereby
hindering an evaluation of how cell therapy may modulate neu-
roinflammation and inhibit disease progression. To solve this problem, the

team recently generated an immunodeficient/xenotolerant Huntington's
disease mouse model by crossbreeding immunodeficient NSG and
YAC128 mouse strains to create the YACNSG immunodeficient
Huntington's disease mouse model. The team also explored the relevance
of the human immune system through the intrahepatic transplantation of
human umbilical cord blood CD34+ cells after sublethal irradiation of the
YACNSG strain. As reported in STEM CELLS Translational Medicine,®
Dahlenburg et al confirmed the lack of circulating T, B, and natural killer
cells in non-humanized YACNSG mice and employed in vivo imaging to
highlight the extended retention time of fluorescently labeled MSCs com-
pared to immunocompetent YAC128 mice. Functional assessments of
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both YACNSG strains suggested the development of the expected
disease-associated motor phenotypes, while subsequent histological anal-
ysis demonstrated that non-humanized YACNSG mice displayed a
reduced level of striatal atrophy compared to YAC128 mice. Interestingly,
humanized YACNSG mice displayed a level of atrophy similar to YAC128
mice, thereby suggesting that the immune system/neuroinflammation
plays a significant role in disease progression. Future research efforts from
the authors will aim to characterize the extent of humanization and evalu-

ate the role of neuroinflammation in responses to cell-based therapeutics.

(B) YAC128NSG

(A) YAC128 NSG

Parental generation (FO)
X .
Outcross
3 F1|F2
o> x -

L J15b

!

( Congenic mouse
ot

Line 35
Line 36
Line 38
Line 39

wT

T
e

(€)

Line 36

Line 35
Une 38
Une 39

1“4

https://doi.org/10.1002/sctm.20-0431

Detailed Characterization of Amniotic Membrane
MSC-Secreted Factors Seeks to Advance Clinical
Translation

The success of human amniotic membrane-derived MSCs
(or hAMSCs) as a treatment for osteoarthritis of the human knee®® is
thought to derive from the therapeutic activity of a wide range of
secreted cytokines, growth factors, and miRNA-containing extracellu-
lar vesicles.'”*® In the hope of accelerating the clinical development
of these MSCs into an effective musculoskeletal disease treatment,
researchers led by Laura de Girolamo (IRCCS Istituto Ortopedico Gal-
eazzi, Milan, Italy) recently profiled the presence of 200 secreted fac-
tors and 754 miRNAs from the MSC secretome and purified
extracellular vesicles. As reported in their recent STEM CELLS Transla-
tional Medicine article,*?> Ragni et al first highlighted the abundant
secretion of 37 cytokines/chemokines of relevance to osteoarthritis,
including those involved in the chemotaxis and homeostasis of inflam-
matory cells and extracellular matrix remodeling. The subsequent
analysis of the top 51 extracellular vesicle-derived miRNAs
highlighted the abundant expression of teno- and chondro-protective
species that induced M2 macrophage polarization, inhibited inflamma-
tory T cells, and promoted T regulatory cell function. Finally, the
authors demonstrated that the administration of the human amniotic
membrane-derived MSC secretome to chondrocytes and tenocytes
pretreated with the pro-inflammatory cytokine Interleukin-1p induced
the downregulation of inflammation-associated gene expression.
Overall, these findings lay the groundwork for the exploration of the

impact of stem cell-derived miRNAs on other pathologies and the def-

inition of clinically efficient secretome-based therapeutic products.

AMNIOTIC hAMSCs
MEMBRANE SECRETOME

& ®)

EV-miRNAs
CYTOKINES

TENDON DISORDERS
e
A
&4
SILIYH1YVYO31SO

https://doi.org/10.1002/sctm.20-0390

RELATED ARTICLES

Clinical-Grade Human NSCs Rescues Huntington's
Disease-Associated Deficits

Previous research had established how intracerebral implantation of
CTXOEO3, a good manufacturing practices-manufactured condition-

19,20

ally-immortalized human NSC line, in a mouse model of ischemic

stroke prompted the recovery of behavioral deficits by stimulating
reparative mechanisms, such as angiogenesis and neurogenesis.'??!
Given these encouraging previous findings, researchers from the labo-
ratory of Jihwan Song (CHA University, Gyeonggi-do, South Korea)
hypothesized that the transplantation of CTXOEO3 NSCs might repre-
sent an effective treatment option for Huntington's disease. As
reported in their recent STEM CELLS article,” Yoon et al investigated
the consequences of intracerebral NSC transplantation into a quin-
olinic acid-lesioned rat model of Huntington's disease. Encouragingly,
the authors established significant behavioral improvements at 8 and
12 weeks post-transplantation (rotarod, stepping, and staircase tests
to assess motor coordination, akinesia, and fine motor reaching skills,
respectively) when compared to sham- or human fibroblast-
transplanted model rats. Said improvements associated with robust
survival and stable engraftment of NSCs and efficient region-specific
differentiation in the striatum and the cortex and increased expression
of brain-derived neurotrophic factor (BDNF). Furthermore, the study
highlighted the formation of connections between NSC-derived striatal
medium spiny neurons and GABAergic neurons with host brain tissues, a
reduction in glial scarring and inflammation, and an increase in endoge-
nous regeneration mechanisms, including neurogenesis and angiogenesis.
Overall, this exciting study provided evidence that CTXOEO3 transplanta-
tion improved the behavioral and pathological deficits associated with
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Huntington's disease via cell replacement and the induction of host cell

regeneration mechanisms.
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Human NSC Fate Modification by a Brain-Enriched
miRNA

Previous research into the brain-enriched miR-137 in mouse cell
models had linked miRNA expression to neural differentiation and
the inhibition of cell proliferation,?222 thereby suggesting that miR-
137 regulates the fate of human NSCs. Researchers led by Yogita
K. Adlakha (National Brain Research Centre, Manesar, India) recently
explored this hypothesis and reported their results in a fascinating
STEM CELLS article.*® Channakkar et al initially discovered that the
ectopic expression of miR-137 in human induced pluripotent stem
cell-derived NSCs reduced their proliferation and accelerated both
neuronal differentiation and migration. Detailed in silico analyses
and subsequent confirmatory in vitro assays established that miR-
137 targeted the 3’ untranslated region of myocyte enhancer factor-
2A (MEF2A) transcription factor mRNA to reduce expression levels.
This mechanism then prompted the reduced transcription of peroxi-
some proliferator-activated receptor-gamma coactivator (PGCla), a
direct target of MEF2A, to accelerate mitochondrial biogenesis,
fusion, fission, and oxidative phosphorylation to support the meta-
bolic requirements associated with neuronal differentiation. The
study also highlighted that ectopically expressed miR-137 prompted
the elevated expression of OCT4 and SOX2 in hiNSCs, with these
pluripotency-associated factors then binding to regions within the
miR-137 gene promoter to establish a feed-forward self-regulatory
loop. Given these exciting findings, the authors proposed that the
modulation of NSCs fate by miR-137 expression may represent the
basis of reparative/regenerative strategies for the treatment of

aging-associated neurodegenerative diseases.
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