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Gene therapy offers much hope for debili-
tating genetic disorders such as lysosomal
storage diseases, which often exhibit a severe
phenotype that includes neurological com-
plications. The fact that they tend to be sin-
gle gene defects and that supply of the
missing enzymes through the bloodstream
results in cellular uptake and translocation
into lysosomes makes them amenable to
gene therapy. Sandhoff and Tay-Sachs
diseases, however, have additional compli-
cations that make treatment particularly
challenging. A new study by Lahey et al.,1

published in this issue ofMolecular Therapy,
constitutes a major advance toward treat-
ment of these devastating GM2 gangliosido-
ses that cause extensive damage to neurons
in the brain.

Sandhoff disease is caused by deficiencies in
the HEXB gene, leading to accumulation of
undegraded GM2 gangliosides, and is clini-
cally indistinguishable from its more well-
known counterpart, Tay-Sachs disease,
caused by HEXA mutations. HEXA and
HEXB genes encode, respectively, a and b

subunits of the hexosaminidase enzyme.
GM2 ganglioside breakdown requires two
isoforms of the hexosaminidase enzyme
(confusingly named Hex-A and Hex-B),
which are made up of, respectively, (a-b)
and (b-b) subunits (Figure 1). Hex-A also re-
quires a co-factor (GM2 activator protein)
for activity. Delivery of the b subunit alone
as a gene therapy in the Sandhoff mouse
model appears to lead to a skewing of
enzyme assembly toward Hex-B, with limita-
tion of a subunit availability, perhaps due to
steric effects arising from over-production of
the Hex-B enzyme2 (Figure 1). Thus, for suc-
cessful enzyme assembly of both Hex-A and
Hex-B enzymes, provision of both HEXA
and HEXB genes in roughly equal dosage is
critical to successful Sandhoff and Tay-Sachs
therapies.
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Previous efforts to correct Sandhoff or Tay-
Sachs have attempted to deliver two adeno-
associated viral (AAV) vectors expressing
HEXA and HEXB, respectively,2,3 which
leads to multiple problems. These include
reliance on efficient co-delivery of both
vectors to the same cell, which is particu-
larly difficult when targeting the brain by
direct injection and even more challenging
with an intravenous delivery approach.
An alternative strategy was to develop a
HEXA modified gene, incorporating sec-
tions of the similar HEXB, that could
form a monomeric dimer and bind
GM2 activator protein (dubbed Hex-M).4

While this may prove quite successful for
Tay-Sachs, it still does not solve the prob-
lem of Sandhoff.

Lahey et al.1 have neatly solved this old
problem by developing a single AAV vector
expressing both HEXA and HEXB genes
from a bidirectional promoter. They
demonstrate that these constructs are able
to achieve long-term expression, reduce
GM2 ganglioside accumulation, and
improve behavioral outcomes and survival
in Sandhoff disease mice, with the AAV9-
Bic construct (a vector containing a bidirec-
tional CBA promoter—a cytomegalovirus
[CMV] enhancer, flanked by two b-actin
Molecular Therap
promoters) demonstrating the highest level
of correction. This result is truly impressive,
given that each gene is approximately 1.6
Kb in size, leaving precious little effective
packaging capacity to work with when
incorporated into an AAV vector. Both
transcripts were able to effectively deliver
each Hex subunit and correct disease in
the mouse model. Importantly, gene expres-
sion was sustained for up to 2 years in some
cases, suggesting that promoter methyl-
ation, typically a feature of unmodified
CMV promoters, may not be a significant
factor in this design.

Innovative promoter design in gene therapy
vectors has perhaps not received as much
attention in recent years as it deserves. In
order to improve the effectiveness, speci-
ficity, and safety of vectors, optimal design
of promoters remains critical. Bidirectional
promoters, such as the one described here,
also open up the prospect for designing
effective and controlled regulated gene
expression. Many such systems require
dual gene expression, although few are suf-
ficiently tightly regulated to be suitable for
clinical use. Lahey et al.1 have elegantly ad-
dressed an old problem in the lysosomal
disease community with a vector that
should correct both Sandhoff and Tay-
y Vol. 28 No 10 October 2020 ª 2020 The Americ
Sachs disease, and its design likely has
even broader applicability. Going forward,
the same research group is in the unique
position to test the concept in a sheep
model of Tay-Sachs disease (because mice
possess an alternative pathway for GM2
ganglioside catabolism, murine models of
Tay-Sachs disease are not suitable for devel-
opment of therapies). Experiments in these
large animals should prove informative if
this vector does indeed serve the dual
purpose of treating both Sandhoff and
Tay-Sachs.
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In recent years, there have been major ad-
vances in our knowledge of the biochemistry
and molecular regulations of the N6-methyl-
adenosine (m6A) RNA epitranscriptome in
diverse physiological processes. Neverthe-
less, the functional significance of m6A in
the context of pathological manifestations
is heavily understudied, impeding our un-
derstanding of the role of m6A in disease
processes. Particularly, there are very few in-
vestigations of the regulatory mechanisms of
m6A in physiological and pathological
angiogenesis, the process of formation of
new blood vessels, which plays a critical
role in development, tissue ischemia, dia-
betes, and cancer. In this issue of Molecular
Therapy, Yao et. al.1 added a new dimension
to this remarkable area of research to further
our understanding of the epitranscriptomic
mechanisms of pathological angiogenesis.
The authors investigated the functional
role of the m6A-writer METTL3-regulated
m6A-methylome in endothelial cell (EC)
angiogenesis in vitro and in mouse retinas
in vivo using an EC-specific knock-out
(KO) mouse model. m6A was found to be
elevated in the transcriptome of ECs and
mouse retinas following hypoxic stress. The
authors attributed this increase to elevated
METTL3 levels. Depletion of METTL3
decreased endothelial cell angiogenic ability,
an Society of Gene and Cell Therapy. 2105
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