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Mucopolysaccharidosis type II (MPSII) is a
rare, x-linked, pediatric lysosomal storage
disorder that is caused by mutations in the
IDS gene. Pathogenic mutations result in
deficiency in iduronate-2-sulphatase (IDS)
enzyme activity and inability to break down
glycosaminoglycans (GAGs), predominantly
heparan sulfate (HS) and dermatan sulfate
(DS). As GAGs accumulate throughout the
body, multisystemic disease manifests as
skeletal abnormalities, cardiac disease, hepa-
tosplenomegaly, and in the majority of pa-
tients neurodegeneration. Enzyme replace-
ment therapy (ERT) with a recombinant
IDS enzyme, Elaprase�, is effective at
reducing storage in somatic tissues; however,
the large recombinant enzyme cannot cross
the blood-brain barrier (BBB) and thus is
not an effective treatment for neuronopathic
MPSII. Herein, Ellison et al. detail long-term
efficacy of ex vivo lentiviral-mediated gene
therapy in a murine model of MPSII. The re-
sults showed sustained IDS enzyme activity,
reduction in storage material in the brain
and somatic tissues, attenuation of neuroin-
flammation, and improved cytokine and
chemokine profiles. Interestingly, this gene
therapy approach used an ApoEII tag to
enhance targeting of the central nervous sys-
tem (CNS); however, a secondary neuropro-
tective mechanism is likely at play. This
study is particularly relevant and timely
because in June 2023, this work translated
to a phase I/II clinical study: Autologous
CD34+ Hematopoietic Stem Cells Trans-
duced Ex Vivo With CD11B Lentiviral
Vector Encoding Human IDS Tagged With
ApoEII in Patients With Neuronopathic
Mucopolysaccharidosis Type II (nMPS
II, Hunters Syndrome) (NCT05665166).
Furthermore, use of ApoEII targeting of viral
vectors to enhance BBB penetration and/or
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reduce neuroinflammatory disease processes
has potential implications in neurodegenera-
tive diseases as a whole.

In the study, 6- to 8-week-old MPSII mice
were conditioned with busulfan and treated
systemically with hematopoietic stem cells
transduced ex vivo with a lentiviral vector en-
coding therapeutic IDS fused to an ApoEII
peptide (LV.IDS.ApoEII) to enhanceCNS tar-
geting from gene-modified cells in the periph-
ery via receptor mediated transcytosis across
brain endothelial cells (Figure 1) or IDS
without the ApoEII peptide fusion (LV.IDS).
Expression was driven by a myeloid-specific
CD11b promoter. Chimerism and behavior
analyses were performed 6months post-treat-
ment and previously reported by Gleitz et al.1

In this long-term efficacy study, treated mice
reached humane endpoint between 14 and
18 months of age. Supraphysiological levels
of IDS activity were detected in most periph-
eral organs from the IDS and IDS.ApoEII
treatment groups. In the brain, the investiga-
tors observed 14% and 4% of wild-type
(WT) IDS activity levels in the IDS and IDS.A-
poEII treatment groups, respectively, and sub-
sequent reductions in brain HS storage of 4.3-
and 2.8-fold, respectively. Although the higher
level of enzyme activity in the brain without
the brain-penetrating ApoEII tag was not the
anticipated result, it was in line with the num-
ber of integrated vector copies (VCN), which
was higher in the LV.IDS-treated animals.
Although the two constructs perform simi-
larly in terms of enzyme activity per VCN, it
does leave a question regarding why the
construct with the peptide tag was less
efficient.

The addition of the BBB-targeting ApoEII
tag resulted in greater reduction of astroglio-
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regions, namely, the amygdala. Additionally,
ApoEII appears to have had the greatest
impact on microglia, demonstrating the
most efficient reduction in activated micro-
glia in all areas analyzed. Thus, despite 4
times lower enzyme activity and lower
VCN, the addition of the ApoE tag resulted
in greater correction of the neuroinflamma-
tory profile associated with MPSII. However,
the degree and changes were both brain re-
gion and cell type specific, with the greatest
impact in the amygdala and microglia. Last,
IDS and IDS.ApoEII were similarly effective
at normalizing altered cytokine and chemo-
kine levels observed in MPSII mice, suggest-
ing that there were no toxic or immunogenic
effects from the addition of the ApoEII tag.

In the initial study by Gleitz et al.,1 6 months
post-treatment, the IDS-only cohort demon-
strated no improvement in working mem-
ory, while the IDS.ApoEII cohort did. Given
the superior brain IDS activity levels
observed here at �1 year post-treatment, it
is plausible that behavioral outcomes were
improved by LV.IDS at a later time point.
Because of limited animal numbers, behavior
was not assessed at this later time point and
would have provided additional long-term
translational data to correlate enzyme levels
and behavior. Furthermore, in this study,
mice were treated at a pre-symptomatic
time point to offer the greatest potential for
disease correction before the onset of irre-
versible neurocognitive and peripheral dam-
age, leaving in question the impact on disease
once symptoms are present. The authors
have recently shown that MPSII mice trans-
planted at 4 months of age with ex vivo gene
therapy have worse outcomes than those
treated pre-symptomatically at 2 months of
age.2 Informed by these studies, the recently
opened phase I/II clinical trial is recruiting
only MPSII patients aged 4–12 months,
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Figure 1. Brain-targeted ex vivo lentiviral-mediated gene therapy for the treatment of MPS

MPSII mice were conditioned with busulfan and treated with hematopoietic stem cells transduced ex vivo with

a lentiviral vector encoding therapeutic iduronate-2-sulphatase (IDS) fused to an ApoEII peptide (LV.IDS.ApoEII)

to enhance CNS targeting. At humane endpoint, IDS enzyme activity, heparan sulfate (HS) storage, and neu-

roinflammation were quantified. Created with BioRender.com.
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which is before neuronopathic patients begin
to fail cognitive milestones (NCT05665166).

First, this study has brought a treatment op-
tion for pre-symptomatic neuronopathic
MPSII patients for which traditional ERT
and hematopoietic stem cell transplantation
(HSCT) do not treat the neurological disease
manifestations. The results of this initial
phase will likely determine if a broader
cohort of MPSII patients will ultimately be
eligible for this therapy. Second, the primary
novelty of this study is the use of an ApoEII
peptide to enhance targeting of the lentiviral
vector to more efficiently traverse the BBB.
However, as the addition of the ApoEII did
not result in higher enzyme levels in the
CNS, but did result in greater attenuation
of neuroinflammatory properties, this sug-
gests that enhanced brain penetration may
not be the primary mechanism of action
of ApoEII. In fact, ApoEII itself is used
as a therapeutic transgene in an adeno-
associated virus (AAV)-mediated gene ther-
apy treatment for Alzheimer’s disease
(NCT03634007). It will be greatly informa-
2 Molecular Therapy: Methods & Clinical Devel
tive for neurodegenerative diseases as a
whole to reveal the intricate mechanism of
ApoEII in the context of a pediatric neurode-
generative disease in MPSII patients.

A similar gene therapy approach has been
used for mucopolysaccharidosis type I
(MPSI) patients without the addition of
the ApoEII peptide. In this clinical study,
MPSI children received autologous hemato-
poietic stem and progenitor cells transduced
ex vivo with an a-L-iduronidase (IDUA)-en-
coding lentiviral vector after myeloablative
conditioning. The interim results were re-
ported in the New England Journal of
Medicine in 2021 and were overwhelm-
ingly encouraging, demonstrating metabolic
correction peripherally and in the CNS. Criti-
cally, patients showed stable cognitive
performance, continued motor development,
improved or stable findings on MRI of the
brain and spine, reduced joint stiffness, and
normal growth.3 It is plausible that the
brain-penetrating and/or neuroprotective
properties of ApoEII could further enhance
this effect. Regardless, this shows great poten-
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tial for the use of ex vivo lentiviral gene therapy
for the treatment of complex, multisystemic
MPS diseases, and promise for the newly initi-
ated MPSII trial based on the work herein.

Although clearly encouraging, ex vivo lenti-
viral mediated approaches are not the only
gene therapy methods being evaluated for
this class of diseases. For MPSI, MPSII, and
mucopolysaccharidosis type IIIA (MPSIIIA),
there are concurrent active AAV-mediated
and ex vivo lentiviral mediated gene therapy
approaches.4 Long-term data from these two
differing gene therapy approaches will be
vital to determine the safest and most effica-
cious way to treat patients with this class
of multifaceted pediatric lysosomal storage
diseases.
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