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Overview 1

Overview MLD Network Project

Summary
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Clinical history (Project 1)
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Mechanisms of enzyme replacement therapy ( Projects 2, 3, 4, 5)
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Developing substrate reduction therapy for MLD (Project 6
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Overview 2

Neural stem cell transplantation and gene thera Projects 7, 8
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Development of functionalized nanoparticles for the delivery of arylsulfatase A across the
blood-brain barrier
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One of the problems in enzyme replacement therapy is that the therapeutic enzymes cannot access
the brain because the blood-brain barrier (BBB) prevents their transport. A number of years ago,
however, it was shown by Kreuter et al. [!I"#$%&'()*&+,,-.&/01.&+0+] that nanoparticles overcoated with
polysorbate 80 (Tween® 80) enabled the transport of a hexapeptide, the endorphin dalargin, across
the BBB thus yielding significant antinociceptive (analgesic) effects after their intravenous injection.
Nanoparticles for pharmaceutical purposes and for medical application are defined by the
Encyclopedia of Pharmaceutical Technology [2%343567(8%#&69&:#"<#3(=>$3#5&?(3;%656 @4. & A65* & +B*
C*&D(EE(". & F(G&H6"E.&+,,1.&77*&}+and the Encyclopedia of Nanotechnology [2%343567(8%# &%9
F#%6)3%$(%3(&#%8&F#%6>(3;%0656 @4.&A65*&0*& &I<("$3#%&I3B(%>$9$3&:=K5%);("). &I>(L(%) 6 Y& #%3;.&M*J*I
NBB1.& 77*&+/+as solid colloidal particles ranging in size from 1 to 1000 nm (1 ym). These
nanoparticles after i.v. injection also delivered other drugs across the BBB, including loperamide,
doxorubicin, nerve growth factor (NGF), and others, thus enabling significant pharmacological effects

of these agents in the CNS. Nanoparticles loaded with doxorubicin led to a long term survival (> 6
months) of up to 40 % of rats in the extremely aggressive intracranial glioblastoma 101/8 model after
intravenous injection, whereas the controls died between 10 — 20 days [?=<6"$&,1&NBB.&,1.&§0+n
order to achieve this significant drug transport across the BBB, coating of the nanoparticles with
polysorbate 80 (Tween® 80) or poloxamer 188 (Pluronic® F 68) or the attachment of targeting ligands
such as apolipoprotein A-1 or E, transferrin or certain antibodies is necessary. Recent results indicate
that the mechanism for the nanoparticle-mediated transport of the drugs across the BBB appears to be
endocytosis by the endothelial cells lining the brain blood capillaries and possibly also transcytosis of
the nanoparticles [=%7=K5$);(8&"()=5})

So-far the strategy to employ nanoparticles for the transport of replacement enzymes for the treatment
of lysosomal storage diseases across the BBB has not been investigated. However, preliminary
information indicates that lysosomal storage disease replacement enzymes also may be delivered
across the BBB by nanoparticles. Therefore, in the present project the binding of arylsulfatase A for
the treatment of metachromatic leukodystrophy to different types of nanoparticles will be investigated.

8".'%(#9("%1%."&: (.. 7 (#:.(-"%0*#6 1 (;:#"5(

Biocompatible nanoparticles made primarily by the teams of Kreuter and Gelperina but also by other

teams enabled the transport not only of a number of smaller molecular weight drugs across the BBB

but also of larger molecules drugs such as dextran 70’000, NGF and the R-galactosidase reporter

DNA, which all retained their activity in the brain after intravenous injection. In addition to these

molecules, nucleic acids, genes, antibodies and lipoproteins could be bound to different types of

nanoparticles! [2%343567(8%# & 69 & F#%6)3%(%3( & #%8 & F#%6>(3;%656 @4. & A65* & 0* & & I<("$384% & I3$(%>P!
:=K5$);("). &J>(L(%)6% & #%3;. & M*J*I*. & NBB1.& 77* & +/+0 & ?=<6"$&,1 & NBB. &,1T8&N0binding also

protected the latter substances against degradation by enzymes and enhanced their efficacy.

The nanoparticle materials that can be used for brain delivery have to be biocompatible and rapidly
biodegradable in order to avoid a prolonged retention of the polymer in the brain. Polymers that meet
these requirements include poly(butyl cyanoacrylate) (PBCA), human serum albumin (HSA), and
poly(lactic-co-glycolic acid) (PLGA). Since no experience exists with the binding of arylsulfatase A or
other replacement enzymes to the nanoparticles it is paramount for the success of the present project
to investigate all three nanoparticle types because these polymers have different properties and
advantages: albumin nanoparticles are the most versatile particles for the attachment of targeting
ligands such as apolipoproteins A-1 or E, transferrin or antibodies, poly(butyl cyanoacrylate)
nanoparticles are the most developed for brain delivery, and PLGA is the most promising material with
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a lot of material flexibility which is necessary for a successful evaluation of the strategy of employing
these carriers for replacement enzymes such as arylsulfatase A. The surface of the nanoparticles
then has to be modified by coating with different substances which enabled a transport across the
BBB or by the attachment of the above mentioned targeting ligands.

The group of Jérg Kreuter has a longstanding experience (the longest in the world) with the PBCA and
the HSA nanoparticles concerning drug transport across the BBB, whereas Svetlana Gelperina has a
similar experience with the PLGA and PBCA nanoparticles. Both groups have been working closely
together during the last 14 years. As mentioned above, preliminary information indicates that
lysosomal storage disease replacement enzymes also may be delivered across the BBB by
nanoparticles. For this reason, it is a very promising approach to employ these particles as carriers for
arylsulfatase A in the scope of this project.

>?2-%"*@%.".+(.-"#.&

A:% (2"#6- (#9 (BC"2 (D"%6'%" (Frankfurt) will bind the arylsulfatase A to PBCA and albumin
nanoparticles overcoated with polysorbate 80 or poloxamer 188, which are the prime coating agents
for the BBB transport. The nanoparticles will be characterised concerning drug loading and release as
well as concerning their chemical and physicochemical properties. In addition, biological BBB
transport ligands such as apolipoprotein A-1 and E as well as transferrin and antibodies will be
attached to the nanoparticle surface. It is paramount to the success of the project that different core
polymers and surface coats are employed, since drugs bind differently to different polymers, and, in
addition, the targeting success not only depends on the polymer used and on the surface properties of
the nanoparticles, but also the loaded drugs influence the body distribution.

A:% (2"#6-(#9(80%'+.,. (E%+-%"*,. (Moscow) will focus on the binding of the arylsulfatase A to
nanoparticles made of PLGA, a biodegradable and biocompatible polymer that has been approved by
the FDA. The use of PLGA allows to vary the rate of particle biodegradation and hydrophobicity,
which can be controlled by selecting a polymer of an appropriate molecular mass and desired lactide :
glycolide ratio, where lactic acid is more hydrophobic than glycolic acid (the higher the glycolide ratio
the faster the degradation). Both parameters are important for controlling the in-vivo behaviour of the
particles as well as their loading capacity. Hydrophobicity also is an important parameter to control the
time scale of rehydration of cavities when particles are re-suspended in water. The nanoparticles will
be prepared using various emulsification techniques (high shear, ultrasonic or high pressure
emulsification) or nanoprecipitation. The nanoparticles also will be characterised concerning drug
loading and release as well as concerning their chemical and physicochemical properties.

This workplan offers the advantage that it unites the biomedical engineering expertise of the Kreuter's
and Gelperina’s groups to develop nanoparticles for the transport of replacement enzymes for the
treatment of lysosomal storage diseases across the BBB.

A*@*,2

In the first half year the binding of the arylsulfatase A to PBCA nanoparticles will be investigated and
optimised. During the second half year binding to albumin nanoparticles will be tested. During the
second year the targeting ligands apolipoprotein A-1 and E, transferrin, and antibodies will be attached
to the surface of these nanoparticles. In parallel arylsulfatase A will be attached to the nanoparticles
made of the FDA-approved polymer PLGA. Since this material is much more versatile concerning
surface properties and offers a lot of manufacturing and binding opportunities, these investigations
require both years. The particles with the best binding and release properties will then be tested in
vitro and in animals in the laboratories of Hans Joachim Galla, David Begley, and Volkmar
Gieselmann.

>?-%&'%7(F%16+'1

Optimised nanoparticles with bound arylsulfatase A to PBCA, albumin, and/or PLGA nanoparticles will
be developed and characterised, and the binding of this enzyme to the nanoparticles will be optimised.
The nanoparticles will then be surface coated or if this does not lead to the required transport
properties targeting ligands apolipoprotein A-1 and E, transferrin, and antibodies will be covalently
attached to the surface.

4672%'
Total: 115.000 € for two years.
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Staff:

35.000euro for the fellowship of a post-doc for the help in cell culture , lentiviral infection,
immunohistochemistry , transplantation and analysis of the data (6 months per year, 17.500 euro per
year)

4000 euro for the construction and the generation of the lentiviral vectors carrying control reporter
genes or ASA gene.

14.000 euros for disposable material (pipettes, tips, flasks for cell cultures, dishes, basic components
of thye culture medium,chemical reagents and antibodies)

3000 euros for trips to Padova for transplantation or for meetings aimed to the analysis of the data
4000 euros for animal facility (MLD mice will be host for analysis in vivo or for primary cultures from
the brain)
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Angelo Vescovi is Associate Professor at the Department of Biotechnology and Biosciences of the
University of Milan-Bicocca. Following the BTBS mission, Prof. Vescovi has recently committed himself to
the creation of consortiums and companies in order to efficiently link the University, the local institutions
and industry to perform cutting-edge scientific research. His projects throughout the years have been
funded by national and international granting agencies and his research group has a long lasting history
of collaboration with national and international research institutes and biotech companies. His research
projects have mainly focused on the study of neural stem cells derived from fetal and adult tissue, and
their extensive characterization and use in different animal models of neurodegenerative diseases and
brain cancer.

The group directed by Prof. Vescovi has extensive experience in the establishment of neural stem cell
lines from adult murine and human brain. Covering all aspects from their molecular and functional
characterization: analysis of proliferation, differentiation assay, cytofluorimetric analysis of the
immunophenotype and transplantation in animal models of neurodegenerative diseases.

Five selected publications of the principal investigator since 2007

-Consiglio A, Gritti A, Dolcetta D, Follenzi A, Bordignon C, Gage FH, Vescovi AL, Naldini L. 2004.
Robust in vivo gene transfer into adult mammalian neural stem cells by lentiviral vectors.
Proc Natl.Acad Sci U S A 101:14835-14840.

-Givogri MI, Bottai D, Zhu HL, Fasano S, Lamorte G, Brambilla R, Vescovi A, Wrabetz L,
Bongarzone E. 2008. Multipotential neural precursors transplanted into the metachromatic
leukodystrophy brain fail to generate oligodendrocytes but contribute to limit brain dysfunction.
Dev Neurosci 30:340-357.

-Pluchino S, Quattrini A, Brambilla E, Gritti A, Salani G, Dina G, Galli R, Del Carro U, Amadio S,
Bergami A, Furlan R, Comi G, Vescovi AL, Martino G. 2003. Injection of adult neurospheres induces
recovery in a chronic model of multiple sclerosis. Nature 422:688-694.

-Vescovi AL, Parati EA, Gritti A, Poulin P, Ferrario M, Wanke E, Frolichsthal-Schoeller P, Cova L,
Arcellana-Panlilio M, Colombo A, Galli R. 1999. Isolation and cloning of multipotential stem cells
from the embryonic human CNS and establishment of transplantable human neural stem cell lines by
epigenetic stimulation. Exp Neurol 156:71-83.

--De Filippis L., Lamorte Giuseppe , Snyder E.Y., Malgaroli A. & Vescovi A.L.. A novel, immortal,
multipotent human neural stem cell line, generatine functional neurone and oligodendrocytes.
Stem Cells, 2007.
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Staff:

35.000euro for the fellowship of a post-doc for animal manipulation and transplantation of neural
stem cells, analysis of expression after transplantation of the transduced ASA and microarray analysis
of transduced and control animals.




20.000 euros for disposable material (pipettes, tips, flasks for cell cultures, dishes, basic components
of thye culture medium,chemical reagents and antibodies)
5000 euros for animal facility

4+/5-.-'/(-$0!.$#!(6&!7#-0'-7/5!-08&,(-3/($#!.$#! (6 &! 7#$%& (!

Maurizio Scarpa is Assistant Professor of Pediatrics at the Department of Pediatrics of the University of
Padova. He is leading the Unit of Lysosomal Storage Diseases, a major referral centre in Italy on these
disorders. He is collaborating with the major Biotech Companies (Actelion, Genzyme, SHIRE HGT and
BIOMARIN) to draw guidelines for the treatment and the management of patients affected by LSDs and to
optimize the efficiency and safety of recombinant drugs. He is the chairman of the European CNS
Working Group in SHIRE HGT.

The group lead by MS in focused at the development of new strategies to deliver recombinant enzymes
by nanoparticles and gene therapy tools. Recently the group is studying the effect of storage on the Blood
Brain Barrier of MPS animal models in Collaboration with David Begley, Kings College of London with
whom he had funded the Brains for Brain European Reasearch Consortium.

He is the Vice president of the Brains For Brain Foundation.

Five selected publications of the principal investigator since 2007

-Gasparotto N, Tomanin R, Frigo AC, Niizawa G, Pasquini E, Blanco M, Donati MA, Keutzer J,
Zacchello F, Scarpa M. Rapid diagnostic testing procedures for lysosomal storage disorders: alpha-
glucosidase and beta-galactosidase assays on dried blood spots.,

Clin Chim Acta. 2009 Apr;402(1-2):38-41.

-Friso A, Tomanin R, Zanetti A, Mennuni C, Calvaruso F, La Monica N, Marin O, Zacchello F,
Scarpa M. Gene therapy of Hunter syndrome: evaluation of the efficiency of muscle electro gene
transfer for the production and release of recombinant iduronate-2-sulfatase (IDS).

Biochim Biophys Acta. 2008 Oct;1782(10):574-80.

-Begley Dj, Pontikis Cc, Scarpa M. Lysosomal storage diseases and the blood-brain barrier.
Curr.Pharm. Des, 2008 vol. 14, p. 1566-1580,

-Grisafi D, Piccoli M, Pozzobon M, Ditadi A, Zaramella P, Chiandetti L, Zanon, Gf, Atala A, Zacchello
F, Scarpa M., De Coppi P, Tomanin R (2008). High transduction efficiency of human amniotic fluid
stem cells mediated by adenovirus vectors

Stem Cells Dev. 2008 Oct;17(5):953-62.

-Wraith JE, Scarpa M, Beck M, Bodamer OA, De Meirleir L, Guffon N, Meldgaard Lund A, Malm G,
Van der Ploeg AT, Zeman J. Mucopolysaccharidosis type Il (Hunter syndrome): a clinical review and
recommendations for treatment in the era of enzyme replacement therapy.

Eur J Pediatr. 2008 Mar;167(3):267-77


http://www.ncbi.nlm.nih.gov/pubmed/18038146?ordinalpos=42&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/18038146?ordinalpos=42&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/18675343?ordinalpos=21&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/18675343?ordinalpos=21&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
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