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Sanfilippo syndrome is caused by mutations in the enzymes responsible for the degradation of heparan sulfate (HS), a
specific GAG, and patients are characterized by severe neurological pathology leading to childhood dementia.
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| 1. Introduction

Lysosomal storage disorders (LSDs) comprise a heterogeneous group of rare inherited metabolic diseases that are
characterized by the accumulation of macromolecules inside lysosomes. LSDs are caused by deficiencies in lysosomal
enzymes, leading to lysosomal dysfunction, altered recycling of macromolecules, and impaired flux of the endolysosomal
system. Mucopolysaccharidoses (MPS) are a group of LSDs accounting for approximately 30% of all LSD cases and arise
from mutations in genes involved in glycosaminoglycans (GAGs) degradation, which accumulate inside the lysosomesfil.
Among MPS, Sanfilippo syndrome (also known as mucopolysaccharidosis Ill or MPS lll) is the most frequent type and it
was first described more than 50 years agol2l.

| 2. Classification

There are four different subtypes of Sanfilippo syndrome based on the mutated gene and the consequent enzyme
deficiency: type A (OMIM#252900), type B (OMIM#252920), type C (OMIM#252930), and type D (OMIM#252940), all of
them presenting an autosomal recessive inheritance patternE. Insufficient or complete loss of activity of any of the
Sanfilippo syndrome causative enzymes leads to accumulation of partially degraded HS chains within lysosomes of cells
in several organs and tissuesBI4 |n a recent study, a fifth subtype was identified in a mouse model® caused by
mt?ta%gﬁg %‘%ﬁe ARSG gene; however, to date, no human cases have been described. Moreover, human patients with a
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Clinical symptomatology of Sanfilippo patients is similar regardless of the subtype, mainly characterized by an early-onset,
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The incidence of Sanfilippo syndrome varies depending on the subtype and geographical region, but on average is
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decfease in the storage and inflammation, and an improvement in the motor and cognitive function€Z. After these results,

a phase I/l clinical trial for MPS IlIA using AAV10 expressing the deficient SGSH enzyme and the SUMF1 enzyme was
RlafiRdedt r&eEREYs IR0 SEaY I BUb RNt Pl iBfoBb1olerance and a possible slight improvement in patient
behaviorl88l. AAV5 has also been used in another clinical trial with MPS 11I1B patients, and results indicate an improvement
of neurocognitive progression in all patients[€<.

AAVrh10 has also been used to deliver SGSH in MPS IIIA mice via intraparenchymal administration’d. This treatment
reduced HS and GM3 ganglioside accumulation and microglial activation, but only in the site of injection. To increase
efficacy, multiple intraparenchymal regions should be injected to ensure widespread distribution. To study SGSH
distribution in the brain of large animals, the same transducing vector was injected via parenchyma in dogs and
cynomolgus monkeys, and SGSH enzyme activity increase was detectedZ4,

In a study comparing delivery efficiency of the NAGLU gene using different AAV serotypes in MPS 1IIB micel’d, a better
biodistribution and transduction was found using AAV8 via direct administration of the virus to the CNS, but AAV9 showed
better results for systemic or intracerebroventricular delivery. Intramuscular administration of AAV8 carrying the SGSH
gene in Sanfilippo A mouse models showed no amelioration, while intravenous administration was effective in transducing
mainly the liver, with a consequent amelioration of the pathology in somatic tissues, although with a discrete improvement
in CNS symptoms of male micelZ8l. To improve secretion and targeting of the CNS, another study used a fusion protein of
SGSH with a signal peptide to boost enzyme secretion and a BBB-binding domain. This vector was administered with an
AAVS8, and results showed an important increase in enzyme activity in the brain that resulted in brain pathology and
behavior improvementstZ4l,

Recently, the safety of intravenous administration of an AAV9 carrying the NAGLU gene was tested in unaffected
primatesi’®, AAV9 has been suggested to be the most efficient serotype for targeting brain cells and therefore, for the
treatment of neurological disorders. Very interestingly, a consistent and long-term increase in brain enzymatic activity was
detected together with low immunogenic reaction. Similar successful results using AAV9 have been achieved in mouse
and canine models of MPS II1A 877 First, a clear increase in enzyme activity combined with a reduction in GAG storage
and neuroinflammation was found in the mouse model treated intravenously, resulting in expanded lifespanlld. Later, both
animal models were treated with intracerebrospinal injections, showing low immunogenic reaction and resulting in a clear
restoration of enzymatic activity and full body reduction of GAG storage and lysosome alterations, leading to prolonged
lifespant?® [120]. This same research group also develop a strategy to treat MPS [IBIZ8 or MPS I11IDE2 mice with
cerebrospinal fluid delivery of AAV9 vector carrying NAGLU or GNS genes, respectively. After treatment, enzyme activity
in the CNS, normalization of GAG storage, corrected behavior, and extended lifespan were observed.

All these results in different Sanfilippo subtypes encouraged the application of this approach in human patients. In relation
to cerebrospinal fluid administration, Esteve Laboratories recently started a phase /1l clinical trial using AAV9-hSGSH in
MPS IlIA patients (EudraCT Number: 2015-000359-26). Besides, although some preclinical studies have been performed
before, it was recently confirmed that some AAV were able to cross the BBBIEY. Due to that, Abeona Therapeutics has
started a clinical trial using an intravenous delivery of AAV9 vector carrying the human SGSH gene under the control of a
Ula promoter (ClinicalTrials.gov: NCT02716246, NCT04088734). Preliminary data showed a dose-dependent and
sustained reduction in cerebrospinal HS after 30 days. In the case of Sanfilippo syndrome types A and B, two clinical trials
based on intracerebral injection of AAV have been already completed©8l89 and another two for subtype A have started
(ClinicalTrials.gov: NCT03612869, EudraCT Number: 2015-000359-26). However, as for ERT, gene therapy success for
lysosomal enzymes relies in the ability of transduced cells to share the correct lysosomal enzyme through M6P receptors
with non-transduced neighboring cells23]. As mentioned above, HGSNAT is a lysosomal transmembrane protein that does
not undergo the M6P pathway. For this reason, Sanfilippo C syndrome might not be the best candidate for gene therapy
strategy, although some interesting results have been obtained with a novel AAVIEL,



