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Novel opportunities for the treatment of
brain diseases

Albertus G. de Boer

The llth Esteve Foundation symposium was held from 6 to 9 October 2004 in S'Agaro
(Spain) on "Drag Transport(ers) and the Diseased Brain" with 20 speakers from 11
countries all over the world. The topics centered on strategies to overcome brain barriers to
deliver (biopharmaceutical) drags to the brain to treat CNS disorders like Alzheimer's
Disease, Parkinson's Disease, multiple sclerosis, lysosomal storage diseases and brain
tumors. Based on knowledge of the (patho)physiology of these barriers, drag delivery to
the brain was discussed including the influence of drag influx and efflux transporters
ultimately leading to the selective/specific delivery (targeting) of (biopharmaceutical)
drags to the brain.

The context of the symposium was set by the first three speakers. Joan Abbott from the
Blood-Brain Barrier Group (King's College, London, UK) discussed the physiology of the
blood-brain barrier (BBB). She considered the neurons together with a segment of the
microvessels in the brain as the "neurovascular unit", a kind of BBB organ. This "multi-
tasking BBB" plays a key role in the evolution of the brain as a complex and integrated
neuronal network, but poses problems for the delivery of drags to treat CNS disorders.

Hans Aerts from the Department of Medical Biochemistry (AMC, Amsterdam, the
Netherlands) illustrated this problem by the treatment of lysosomal storage diseases like
Gaucher Disease, where patients can be sufficiently treated peripherally but still develop
neurological disorders. Michel Lemaire from ECD-Pharmacolcinetic Nervous System
(Novartis AG, Basel, Switserland) discussed the priorities and needs of the pharmaceutical
industry. One of the major conclusions from his presentation was that the success of CNS
drag development programs can be considerably increased by enhancing drag delivery to
the CNS.

Three clinicians illustrated this situation by showing that for many CNS disorders
presently no effective drag treatment is available to patients. Jan Verlooy from the
Department of Neurosurgery (University Hospital Antwerp, Belgium) reported on the
problems encountered with trauma, stroke and edema and that acute treatment should
primarily focus on prevention of brain swelling. Ian Whittle from the Department of
Clinical Neurosciences (University of Edinburgh, Scotland) reported that the evidence of
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permeability dysfunction of the BBB is limited in diabetes. On the other hand, Stephen
McQuaid from the Pathology Department School of Medicine (Queens University,
Belfast, Northern Ireland, UK) stated that BBB leakage marks a key stage in the
development of multiple sclerosis (MS) which is mainly caused by tight-junction
abnormalities in microvessels of MS patients. The overall conclusions were that the
possibilities to treat CNS disorders under conditions of a leaky or closed BBB are very
limited and that new technologies are highly needed.

Basic science will be in the first place necessary to provide a solid basis for such
technologies. Starting from classical passive lipophilic drug transport to the brain new
approaches to deliver (target) drugs to the brain have been developed based on
understanding of the dynamic barrier properties of the BBB and that of the blood-
cerebrospinal-fluid barrier (BCSFB).

The discovery and application of cell penetrating peptides or protein transduction
domains has been used to enhance the transport of hydrophilic compounds into cells or the
brain. Hans Langedijk from Pepscan Systems BV (Lelystad, the Netherlands) discussed
peptides derived from the Swine Fever Virus Ems and demonstrated that their transport
efficiency was dependent on the type of cargo. Jean-Michel Scherrmann from INSERM
(University of Paris 5, Paris, France) demonstrated the applicability of SynB vectors in the
brain delivery of anticancer agents such as doxorubicin, antibiotics and peptide drags.
Since these systems penetrate any cell, they are particularly important for local
administration of hydrophilic drugs including small molecules and proteins/genes.

Other systems like the llama single domain antibody FC5 and pentamerized FC5 were
discussed by Danica Stanimirovic from the Inst. for Biological Sciences (National
Research Council of Canada, Ottawa, Canada). These systems transmigrate with cargo
across the in vitro and in vivo BBB providing very interesting opportunities for drug
transport to the brain.

Efflux and influx transporters regulate the transport of many compounds from and to
the brain. Yuichi Sugiyama from the Graduate School of Pharmaceutical Sciences
(University of Tokyo, Japan) presented the identification of several transporters at the
BBB and BCSFB including members of the organic anion transporting polypeptides
(Oatpla4 and OatplaS) and the organic anion transporter (Oat3). These are involved in the
efflux of amphipathic and hydrophilic organic anions respectively. Knowledge about these
transporters will help to deliver drags efficiently into the brain and to understand the
mechanisms of drag^drag interactions and interindividual differences in the therapeutic or
adverse CNS effects of drags.

Gert Fricker from the Institut fur Pharmazeutische Technologie und Biopharmazie
(Heidelberg, Germany) discussed inhibition of P-glycoprotein (Pgp; that caused multi-
drag resistance) by third generation of Pgp-inhibitors and demonstrated that bypassing it
by application of nanoparticles or liposomes enhanced the transport of Pgp-substrates into
the brain.

A powerful technique to silence genes is by application of short interference RNA
(siRNA). Hermann Lage from the Institut fur Pathologie (Humboldt-University Berlin,
Berlin, Germany) discussed its application in anti-MDRl/Pgp strategies. Pgp inhibition
could be achieved however a solution has to be found for the in vivo delivery since
siRNAs and gene-vectors cannot penetrate cells.
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The importance of well validated experimental models to evaluate the role of Pgp in the
blood-brain tumor barrier (BBTB) was discussed by van Olaf van Tellingen from the
Department of Clinical Chemistry (Netherlands Cancer Institute, Amsterdam, The
Netherlands). Intracranial tumor models were established in nude mice and are bred
now to obtain mice with and without expression of Pgp. The models are used to test the
efficacy of docetaxel against intracranial tumors.

A new multi-drug resistance transporter called the Brain Multi Drug resistance Protein
(BMDP) was discussed by Hans-Joachim Galla from the Institut fur Biocheinie
(Westfalische Wilhelms-Universitat Mtinster, Miinster, Germany). The protein has been
extensively characterized and is an efflux pump that belongs to the ABC-transporter
family and is highly expressed at the BBB.

Akira Tsuji from the Division of Pharmaceutical Sciences (Graduate School of Natural
Science and Technology, Kanazawa University, Kanazawa, Japan) demonstrated the
transduction of the PEPT1 transporter into the BBB of rats by carotid injection of a
recombinant adenovirus vector encoding this transporter. This opens the way to deliver
bestatin, that is a substrate for PEPT1, to the brain and to induce apoptosis in glioma cells.

The large-amino acid carrier (LAT) was discussed by Quentin Smith from the
Department of Pharmaceutical Sciences (Texas Tech University, Amarillo, USA) which is
able to transport small anticancer drugs into the brain. It was demonstrated that the optimal
3-D structure of L-metasarcolysin enhanced its transport into the rat brain.

Receptor mediated transport systems are very suitable to carry large (biopharmaceut-
ical) drugs to the brain. Unfortunately Bill Pardridge (UCLA, USA) was unable to attend
the symposium, however his paper shows the impressive results that have been achieved in
the delivery of growth factors, genes and siRNA to the brain by transferrin and insulin
receptor mediated transport to treat brain diseases like stroke, Parkinson's Disease and
brain tumors.

Polysorbate-80 coated drug containing nanoparticles were discussed by Jorg Kreuter
from the Institut fur Pharmazeutische Technologic (Johann Wolfgang Goethe-Universitat,
Frankfurt am Main, Germany). These particles that bind to the naturally occurring
apolipoprotern-E (apo-E) and apoB particles that are able to enter the brain via the low-
density lipoprotein receptor. Rats with glioblastoma inplanted into their brains and treated
with these nanoparticles showed a survival of 6 months whereas uncoated doxorabicin
nanoparticles animals died between 10 and 50 days.

A new carrier protein was discussed by Reinhard Gabathuler from Biomarin
Pharmaceutical (Novato USA). This p97 (melanotransferrin) binds to the low-density
lipoprotein related receptor-1 (LRP-1) and is able to cross the BBB to enter the brain.
Adriamicin coupled to p97 increased survival times when given intravenously to mice
with an intracranial C6 glioma.

Generally carrier proteins have in common that they bind to endogenous receptor
transport systems. Therefore they can interfere with the transport of endogenous
compounds or signaling pathways. However, Pieter Gaillard from to-BBB technologies
BV (Leiden, the Netherlands) reported about an exception: CRM197. It is the non-toxic
mutant of the diphtheria toxin that binds to the heparin-binding epidermal-growth factor
like growth factor (HB-EGF) which has no endogenous ligand. Moreover the CRM197
carrier protein has already been applied in millions of people since it has been used in
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vaccins. CRM197 coupled to horse-radish peroxidase (HRP), as a reporter enzyme, was
internalized and transported across the in vitro BBB and in guinea pigs targeted to the
brain. Therefore this carrier molecule is very promising to be applied very soon in humans
to transport (target) (biopharmaceutical) drugs to the brain to teat brain diseases.

Altogether these works show that we are at the edge of a new era on the delivery of
particularly large (biopharmaceutical) drugs like enzymes, siRNA and genes to the brain to
treat brain diseases. For several delivery systems in vitro or in vivo proof of concept has
been shown already. However, that makes these systems not directly applicable to patients
since carrier proteins including antibodies should be humanized for that purpose.
Nevertheless, much progress has been made which gives hope for a soon application in
patients.




