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Description

Field of the invention

[0001] The present invention relates to substances and compositions useful for delivery of agents to the central nervous
system (CNS), in particular the delivery of biologically active agents across the blood-brain barrier (BBB). Substances,
compositions and methods disclosed herein find use in the therapeutic and/or prophylactic treatment of disorders of the
CNS, for imaging, targeting, repairing and studying the interaction of biologically active agents with, cells of the CNS.

Background to the invention

[0002] One of the major challenges for the pharmaceutical industry is drug delivery into the central nervous system
(CNS). More than 95% of potentially useful drugs are prevented from entering the CNS due to the protective function
of the blood-brain barrier, formed by microvascular endothelium and astrocytes. The key elements of the barrier are
continuous tight-junctions between endothelial cells, which prevent molecules from diffusing into the brain, and ABC-
transporters that actively pump xenobiotics out of the brain (1,2). As a result, many drugs and larger biomolecules,
including cytokines and genes which have considerable potential for the treatment of CNS disease, are excluded by the
endothelial barrier (3-6).
[0003] Considerable efforts have been made to find a way of overcoming the blood-brain barrier, including the use of
nanoparticles as a carrier (7). Biologically interesting nano- and micro-particles ranging from 1 nm to 500 nm have been
made from materials such as polymers, lipids and metals, including gold. Gold nanoparticles have the advantage of
easy production and chemical stability, and they have been recently used in nanomedicine for both diagnosis and therapy
(8). The gold core is inert but it does interact with biological material and can have biological effects. To address this, a
variety of sizes and surface modifications have been investigated which affect the specific behaviour of the nanoparticles
(9-11). The transport into a cell is a property which can vary significantly depending on size and surface coating (12).
Small-sized gold nanoparticles (> 30 nm) are able to enter cells via an endocytic pathway (13,14) although the mechanism
of the transport is not exactly known. It is thought that gold nanoparticles do not enter the nucleus (15) unless the cell
is apoptotic. In contrast, they are often trapped in vesicles (16-19) which can cause a problem for targeted drug/gene
delivery into the cell and tissues in general.
[0004] US 2010/034735 A1 describes targeted nanoparticles for cancer diagnosis and treatment, including gold na-
noparticles modified to be bound to a positron emission tomography (PET) tracer.
[0005] US 2012/0301535 A1 describes combination peptide-nanoparticles and delivery systems incorporating such
nanoparticles.
[0006] WO 2011/154711 A1 describes peptide-carrying nanoparticles, in which the nanoparticles comprise a core
comprising metal, a corona comprising a plurality of ligands covalently linked to the core, including at least one carbo-
hydrate moiety, and a least one peptide bound to the corona.
[0007] Zhu et al., Abstracts of Papers of the American Chemical Society (ACS), Vol. 244, page 485, describes the
development of gold nanoparticles for PET in vivo imaging. The 18F labelled 3 nm water soluble gold nanoparticles were
reported to cross the blood brain barrier in a rat model.
[0008] US 2007/141133 A1 describes a glutathione based delivery system, including a carrier or an active compound
and a glutathione or a glutathione derivative grafted thereon.
[0009] Hence, focusing on the CNS and the blood-brain barrier, there remains an unmet need for a CNS nanoparticle-
based molecular delivery, in particular exhibiting one or more of the following features:

1. Selectivity for the brain endothelium
2. Ability to cross the brain endothelium intact
3. Uptake by the target cell within the CNS.

[0010] The present invention addresses these and other needs.

Brief Description of the Invention

[0011] Broadly, the present invention relates to nanoparticle delivery systems for use in targeting biologically active
or imaging agents to the central nervous system. The present inventors have found that nanoparticles, as defined herein,
cross the endothelium and enter astrocytes. Moreover, the nanoparticles exhibit some selectivity for human brain en-
dothelium, e.g. vs. non-brain endothelium. Biologically active agents may be coupled to nanoparticles, e.g. by means
of covalent attachment via a linker, or reversibly bound to nanoparticles, e.g. by stably but reversibly binding to a
nanoparticle corona. The agents are then delivered by the nanoparticles as "cargo" across the blood brain barrier to
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cells of the central nervous system, e.g. for therapeutic treatment of disorders of the central nervous system (CNS) or
for imaging the CNS.
[0012] Accordingly, in a first aspect the present invention provides a nanoparticle composition comprising:

(a) a nanoparticle comprising:

(i) a core comprising a metal and/or a semiconductor, wherein the diameter of the core is in the range 1 nm to 5 nm;
(ii) a corona comprising a plurality of ligands covalently linked to the core via a linker that comprises a C2-C15
alkyl and/or C2-C15 glycol group, wherein said ligands comprise a carbohydrate; and

(b) at least one agent covalently attached to said core, which agent exhibits at least one therapeutic effect against
a central nervous system (CNS) condition,

said nanoparticle composition being for use in a method of treatment of said CNS condition in a mammalian subject,
wherein the agent is delivered to astrocytes of the CNS by association with said nanoparticle, and wherein said CNS
condition is selected from the group consisting of: a tumour of the CNS; a neurodegenerative disease; stroke; a neuro-
logical disorder; an infection of the CNS; an immune disorder of the CNS; a psychiatric disorder; a genetic abnormality
affecting the CNS; and a traumatic brain injury.
[0013] In some embodiments the composition is for use in the treatment of an astrocytoma.
[0014] In some embodiments the composition is for administration by a route selected from the group consisting of:

intravenous, intramuscular, intraperitoneal, or subcutaneous injection or infusion;
enteral;
buccal;
sublabial;
sublingual;
inhalation;
via a mucosal membrane;
urogenital;
rectal;
dermal; and
intradermal.

[0015] In some embodiments the subject is a human.
[0016] In some embodiments the at least one agent is selected from the group consisting of: a small molecule drug,
a nucleic acid, a peptide and a protein.
[0017] In some embodiments the at least one agent is selected from the group consisting of: loprazolam, lormetazepam,
temazepam; zaleplon, zolpidem, zopiclone; clomethiazole; promethazine; melatonin; buspirone; chlorpromazine hydro-
chloride, haloperidol, perphenazine, prochlorperazine maleate or mesilate, promazine hydrochloride, trifluoperazine;
clozapine,
Olanzapine, quetiapine, risperidone, carbamazepine and sodium valproate; amitriptyline hydrochloride, clomipramine
hydrochloride, imipramine hydrochloride; mianserin hydrochloride; phenelzine, moclobemide; citalopram, fluoxetine,
sertraline; agomelatine, flupentixol, tryptophan, venlafaxine; atomoxetine, methylphenidate hydrochloride, modafinil;
cyclizine hydrochloride, chlorpromazine, droperidol, prochlorperazine maleate, metoclopramide hydrochloride, on-
dansetron, palonosetron, fosaprepitant, nabilone, betahistine dihydrochloride; nefopam hydrochloride; buprenorphine;
diamorphine hydrochloride, fentanyl, meptazinol, tramadol hydrochloride; capsaicin; tolfenamic acid, zolmitriptan, pizo-
tifen, clonidine; everolimus, temozolomide, carmustine; Glatiramer acetate and fingolimod.
[0018] In some embodiments the at least one agent is covalently attached to the core of the nanoparticle via a linker.
[0019] In some embodiments the nanoparticle has associated with it 2 or more entities of said agent.
[0020] In some embodiments the at least one agent comprises 2 or more different species of agent.
[0021] In some embodiments the ligands comprise a carbohydrate which is a monosaccharide or a disaccharide. In
particular, the carbohydrate may comprise glucose, alpha galactose, mannose, fucose, maltose, lactose, galactosamine
and/or N-acetylglucosamine.
[0022] In some embodiments the diameter of the nanoparticle including its ligands is in the range 2 nm to 20 nm.
[0023] In some embodiments the core of the nanoparticle comprises a metal selected from the group consisting of:
Au, Ag, Cu, Pt, Pd, Fe, Co, Gd and Zn, or any combination thereof.
[0024] The present invention includes the combination of the aspects and preferred features described except where
such a combination is clearly impermissible or is stated to be expressly avoided. These and further aspects and em-
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bodiments of the invention are described in further detail below and with reference to the accompanying examples and
figures.

Brief Description of the figures

[0025]

Figure 1 shows electron micrographs of a) hCMEC/D3 cells and b) primary human brain endothelium 8 hours after
application of glucose-nanoparticles to the apical surface. Nanoparticles are located between the basal plasma
membrane and the basal lamina (arrows). Scale bar = 500nm.

Figure 2: shows graphs of the rate of transcytosis of 5nm glucose-coated gold nanoparticles across a) hCMEC/D3
cells, b) a human bone marrow endothelial cell line (BMEC), and primary cultures of c) human brain endothelium
or d) coronary artery endothelium. The values show the number of nanoparticles per cell, located between the basal
plasma membrane and the basal lamina after application to the apical surface. Values show mean 6SEM from at
least 50 different cells, and two separate cultures. Note that the scale of the y-axis is expanded for the two non-
brain endothelial cell types. e) shows a bar chart of the number of nanoparticles per micron (mean 6SEM) in 80nm
sections from the four different cell types.

Figure 3 shows a) an electron micrograph of hCMEC/D3 cell 3 hours after application of glucose-NPs to the apical
surface. The nanoparticles cross to the basal plasma membrane and are also seen in the cytosol and vesicles. Only
one nanoparticle is detected in the intercellular junction (black arrow). Nanoparticles are also present in the pore in
the supporting membrane (white arrow). b) Localisation of nanoparticles in hCMEC/D3 cells, primary brain endothe-
lium (BEC) and coronary artery endothelium (CoAEC) 3 hours after application. Cy = cytoplasmic, Ves = vesicular,
BM = basal membrane.

Figure 4 shows representative experiment of the effect of antibiotics on transcytosis of glucose-nanoparticles across
hCMEC/D3 cells. Data is expressed as the number of nanoparticles located at the basal membrane compared with
untreated cells (control). Values are the mean 6 SEM of >50 cells. ANOVA indicates no significant difference
between treatments.

Figure 5 shows the location of nanoparticles in hCMEC/D3 cells at 8 hours after application following incubation at
37°C or 30°C. U.M. = Upper membrane, Cyt. = cytoplasmic, Ves. = vesicular, L.M. = lower membrane. The values
are the mean 6SEM from at least 50 TEM images from a representative experiment.

Figure 6 shows a comparison of the rate of transcytosis of 30nm colloidal gold (Au30), 4nm glucose-coated nano-
particles (Glu) and 4nm glutathione-coated nanoparticles (Gln) 22 hours after application to hCMEC/D3 cells. Values
represent mean 6 SEM of the number of nanoparticles located beneath the basal plasma membrane or in the
cytosol, based on at least 50 TEM images. Data was analysed by ANOVA (P<0.01 for the basal membrane), followed
by a two-tailed t-test. * P<0.05, *** P<0.001.

Figure 7 shows a) TEM of primary human astrocytes in a 3D collagen gel 8 hours after application of nanoparticles
to the gel surface. Nanoparticles are visible both in the gel matrix and the astrocytes (arrows). b) TEM of astro-
cyte/endothelial coculture 8 hours after application of glucose-coated nanoparticles to the endothelial surface. Na-
noparticles are detected both in the endothelium and the astrocyte (arrows). Small tears in the gel matrix are
sometimes produced during the sectioning, by the presence of nanoparticles (white arrow).

Figure 8 shows the number of nanoparticles detected below the basal membrane at 8 hours plotted for each
nanoparticle ligand species as a percentage of the control designated the C2-glucose-1;

Figure 9 shows a TEM of galactosamine-NPs in which it can be seen that many nanoparticles are bound to filters;

Figure 10 shows glucose-C2 nanoparticles in mg for transendothelial transfer analysed by spectroscopy top (lightly
shaded) and bottom (dark shading);

Figure 11 shows transfer of nanoparticles measured in nanoparticles per micron for control (not enzyme pre-treated)
and enzyme pre-treatment with heparinise, chondroitinase or neuraminidase measured at the basal membrane 8
hours after application of the nanoparticles;
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Figure 12 shows a TEM depicting insulin-coated nanoparticles (8 insulins and Zinc) taken up by hCMEC/D3 cells.
2 ng/cm2 of nanoparticles were applied for 3 hours;

Figure 13 shows insulin-coated nanoparticles transfer across hCMEC/D3 cells plotted against time for vesicles,
cytosol and junctions;

Figure 14 shows TEM of insulin-coated nanoparticles at A) time zero and B) 30 mins with dark staining indicating
nanoparticles;

Figure 15 shows A) the percentage of astrocytes positive with nanoparticles at 1, 3 and 8 hours; and B) the average
distance of nanoparticles from the endothelium in microns (maximum distance shown in inset figure) at 1, 3 and 8
hours;

Figure 16 shows gold nanoparticle uptake for various nanoparticle corona compositions (C2-glucose, insulin or
galactosamine coatings) in A) 2D astrocyte culture and B) 3D co-cultured astrocytes. The uptake into cytosol,
vesicles and nucleus are shown, measured in nanoparticles micron of insert and per cell, respectively;

Figure 17 shows the location of nanoparticles on filters (edge or middle) for endothelium and astrocytes. The number
of nanoparticles in both endothelium and astrocytes is shown for edge and middle;

Figure 18 shows results investigating nanoparticles in astrocyte/D3 co-culture. A) Percentage of astrocytes positive
for nanoparticles at 1, 3 and 8 hours. B) distance nanoparticles found from endothelium in microns at 1, 3 and 8
hours. C) number of nanoparticles per cell at 1, 3 and 8 hours. The number of cells observed in transmission electron
microscopy (TEM) at 1, 3 and 8 hours is shown in the inset;

Figure 19 shows results investigating the time course of uptake of glucose-NPs. A) Particles per cell in the upper
membrane over time. B) Particles per cell in the intracellular region over time. C) Particles per cell in the lower
membrane over time. D) Particles per cell in the vesicles over time;

Figure 20 shows A) number of cells per mm plotted against days in culture; and B) the number of nanoparticles
per micron at lower membrane, cytosol and vesicles plotted against days in culture.

Detailed description of the invention

[0026] In describing the present invention, the following terms will be employed, and are intended to be defined as
indicated below.
[0027] As used herein, "nanoparticle" refers to a particle having a nanomeric scale, and is not intended to convey any
specific shape limitation. In particular, "nanoparticle" encompasses nanospheres, nanotubes, nanoboxes, nanoclusters,
nanorods and the like. In certain embodiments the nanoparticles and/or nanoparticle cores contemplated herein have
a generally polyhedral or spherical geometry.
[0028] Nanoparticles comprising a plurality of carbohydrate-containing ligands have been described in, for example,
WO 2002/032404, WO 2004/108165, WO 2005/116226, WO 2006/037979, WO 2007/015105, WO 2007/122388, WO
2005/091704 and such nanoparticles may find use in accordance with the present invention. Moreover, gold-coated
nanoparticles comprising a magnetic core of iron oxide ferrites (having the formula XFe2O4, where X = Fe, Mn or Co)
functionalised with organic compounds (e.g. via a thiol-gold bond) are described in EP2305310 and are specifically
contemplated for use as nanoparticles/nanoparticle cores in accordance with the present invention.
[0029] As used herein, "corona" refers to a layer or coating, which may partially or completely cover the exposed
surface of the nanoparticle core. The corona includes a plurality of ligands which generally include at least one carbo-
hydrate moiety, one surfactant moiety and/or one glutathione moiety. Thus, the corona may be considered to be an
organic layer that surrounds or partially surrounds the metallic core. In certain embodiments the corona provides and/or
participates in passivating the core of the nanoparticle. Thus, in certain cases the corona may include a sufficiently
complete coating layer substantially to stabilise the semiconductor or metal-containing core. However, it is specifically
contemplated herein that certain nanoparticles having cores, e.g., that include a metal oxide-containing inner core coated
with a noble metal may include a corona that only partially coats the core surface. In certain cases the corona facilitates
solubility, such as water solubility, of the nanoparticles of the present invention.
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Nanoparticles

[0030] Nanoparticles are small particles, e.g. clusters of metal or semiconductor atoms, that can be used as a substrate
for immobilising ligands.
[0031] Preferably, the nanoparticles have cores having mean diameters between 0.5 and 50nm, more preferably
between 0.5 and 10nm, more preferably between 0.5 and 5nm, more preferably between 0.5 and 3nm and still more
preferably between 0.5 and 2.5nm. When the ligands are considered in addition to the cores, preferably the overall mean
diameter of the particles is between 2.0 and 20 nm, more preferably between 3 and 10 nm and most preferably between
4 and 5 nm. The mean diameter can be measured using techniques well known in the art such as transmission electron
microscopy.
[0032] The core material can be a metal or semiconductor and may be formed of more than one type of atom. Preferably,
the core material is a metal selected from Au, Fe or Cu. Nanoparticle cores may also be formed from alloys including
Au/Fe, Au/Cu, Au/Gd, Au/Fe/Cu, Au/Fe/Gd and Au/Fe/Cu/Gd, and may be used in the present invention. Preferred core
materials are Au and Fe, with the most preferred material being Au. The cores of the nanoparticles preferably comprise
between about 100 and 500 atoms (e.g. gold atoms) to provide core diameters in the nanometre range. Other particularly
useful core materials are doped with one or more atoms that are NMR active, allowing the nanoparticles to be detected
using NMR, both in vitro and in vivo. Examples of NMR active atoms include Mn+2, Gd+3, Eu+2, Cu+2, V+2, Co+2, Ni+2,
Fe+2, Fe+3 and lanthanides+3, or the quantum dots described elsewhere in this application.
[0033] Nanoparticle cores comprising semiconductor compounds can be detected as nanometre scale semiconductor
crystals are capable of acting as quantum dots, that is they can absorb light thereby exciting electrons in the materials
to higher energy levels, subsequently releasing photons of light at frequencies characteristic of the material. An example
of a semiconductor core material is cadmium selenide, cadmium sulphide, cadmium tellurium. Also included are the
zinc compounds such as zinc sulphide.
[0034] In some embodiments, the core of the nanoparticles may be magnetic and comprise magnetic metal atoms,
optionally in combination with passive metal atoms. By way of example, the passive metal may be gold, platinum, silver
or copper, and the magnetic metal may be iron or gadolinium. In preferred embodiments, the passive metal is gold and
the magnetic metal is iron. In this case, conveniently the ratio of passive metal atoms to magnetic metal atoms in the
core is between about 5:0.1 and about 2:5. More preferably, the ratio is between about 5:0.1 and about 5:1. As used
herein, the term "passive metals" refers to metals which do not show magnetic properties and are chemically stable to
oxidation. The passive metals may be diamagnetic or superparamagnetic. Preferably, such nanoparticles are superpar-
amagnetic.
[0035] Examples of nanoparticles which have cores comprising a paramagnetic metal, include those comprising Mn+2,
Gd+3, Eu+2, Cu+2, V+2, Co+2, Ni+2, Fe+2, Fe+3 and lanthanides+3.
[0036] Other magnetic nanoparticles may be formed from materials such as MnFe (spinel ferrite) or CoFe (cobalt
ferrite) can be formed into nanoparticles (magnetic fluid, with or without the addition of a further core material as defined
above. Examples of the self-assembly attachment chemistry for producing such nanoparticles is given in Biotechnol.
Prog., 19:1095-100 (2003), J. Am. Chem. Soc. 125:9828-33 (2003), J. Colloid Interface Sci. 255:293-8 (2002).
[0037] In some embodiments, the nanoparticle or its ligand comprises a detectable label. The label may be an element
of the core of the nanoparticle or the ligand. The label may be detectable because of an intrinsic property of that element
of the nanoparticle or by being linked, conjugated or associated with a further moiety that is detectable. Preferred
examples of labels include a label which is a fluorescent group, a radionuclide, a magnetic label or a dye. Fluorescent
groups include fluorescein, rhodamine or tetramethyl rhodamine, Texas-Red, Cy3, Cy5, etc., and may be detected by
excitation of the fluorescent label and detection of the emitted light using Raman scattering spectroscopy (Y.C. Cao, R.
Jin, C. A. Mirkin, Science 2002, 297: 1536-1539).
[0038] In some embodiments, the nanoparticles may comprise a radionuclide for use in detecting the nanoparticle
using the radioactivity emitted by the radionuclide, e.g. by using PET, SPECT, or for therapy, i.e. for killing target cells.
Examples of radionuclides commonly used in the art that could be readily adapted for use in the present invention include
99mTc, which exists in a variety of oxidation states although the most stable is TcO4-; 32P or 33P; 57Co; 59Fe; 67Cu which
is often used as Cu2+ salts; 67Ga which is commonly used a Ga3+ salt, e.g. gallium citrate; 68Ge; 82Sr; 99Mo; 103Pd; 111In
which is generally used as In3+ salts; 125I or 131I which is generally used as sodium iodide; 137Cs; 153Gd; 153Sm; 158Au;
186Re; 201Tl generally used as a Tl+ salt such as thallium chloride; 39Y3+; 71Lu3+; and 24Cr2+. The general use of
radionuclides as labels and tracers is well known in the art and could readily be adapted by the skilled person for use
in the aspects of the present invention. The radionuclides may be employed most easily by doping the cores of the
nanoparticles or including them as labels present as part of ligands immobilised on the nanoparticles.
[0039] Additionally or alternatively, the nanoparticles of the present invention, or the results of their interactions with
other species, can be detected using a number of techniques well known in the art using a label associated with the
nanoparticle as indicated above or by employing a property of them. These methods of detecting nanoparticles can
range from detecting the aggregation that results when the nanoparticles bind to another species, e.g. by simple visual
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inspection or by using light scattering (transmittance of a solution containing the nanoparticles), to using sophisticated
techniques such as transmission electron microscopy (TEM) or atomic force microscopy (AFM) to visualise the nano-
particles. A further method of detecting metal particles is to employ plasmon resonance that is the excitation of electrons
at the surface of a metal, usually caused by optical radiation. The phenomenon of surface plasmon resonance (SPR)
exists at the interface of a metal (such as Ag or Au) and a dielectric material such as air or water. As changes in SPR
occur as analytes bind to the ligand immobilised on the surface of a nanoparticle changing the refractive index of the
interface. A further advantage of SPR is that it can be used to monitor real time interactions. As mentioned above, if the
nanoparticles include or are doped with atoms which are NMR active, then this technique can be used to detect the
particles, both in vitro or in vivo, using techniques well known in the art. Nanoparticles can also be detected using a
system based on quantitative signal amplification using the nanoparticle-promoted reduction of silver (I). Fluorescence
spectroscopy can be used if the nanoparticles include ligands as fluorescent probes. Also, isotopic labelling of the
carbohydrate can be used to facilitate their detection.

Agents for delivery to the CNS

[0040] A wide variety of agents are envisaged for delivery to the CNS using the products and methods of the present
invention. Specifically contemplated are both: (i) agents that are known to enter the CNS, which may benefit from
enhanced penetration of the BBB provided by the nanoparticles of the present invention (e.g. so that a lower dose may
be administered while retaining therapeutic or imaging activity); and (ii) agents that have hitherto not been known to
enter the CNS to an effective degree, which may provide new classes of therapeutic and imaging agents for targeting
the brain (e.g. to expand available treatment modalities and diagnostic possibilities).
[0041] References herein to the "British National Formulary" refer to that version available November 2012 (see
www.bnf.org).
[0042] Particular examples of agents that find use in accordance with the present invention include:

Hypnotics & Anxiolytics as referenced in the British National Formulary sub section 4.1 including but not limited to:
loprazolam, lormetazepam, temazepam; zaleplon, zolpidem, zopiclone; clomethiazole; promethazine; melatonin;
buspirone;

Antipsychotics as referenced in the British National Formulary sub section 4.2 including but not limited to: chlorpro-
mazine hydrochloride, haloperidol, perphenazine, prochlorperazine maleate or mesilate, promazine hydrochloride,
trifluoperazine; clozapine, Olanzapine, quetiapine, risperidone.

[0043] Antimania medicines as referenced in the British National Formulary sub section 4.2 including but not limited
to: carbamazepine and sodium valproate.
[0044] Antidepressants as referenced in the British National Formulary sub section 4.3 including but not limited to:
amitriptyline hydrochloride, clomipramine hydrochloride, imipramine hydrochloride; mianserin hydrochloride; phenelzine,
moclobemide; citalopram, fluoxetine, sertraline; agomelatine, flupentixol, tryptophan, venlafaxine.
[0045] Medicines to treat attention deficit hyperactivity disorder (ADHD) as referenced in the British National Formulary
sub section 4.4 including but not limited to: atomoxetine, methylphenidate hydrochloride, modafinil.
[0046] Medicines used in the treatment of nausea and vertigo as referenced in the British National Formulary sub
section 4.6 including but not limited to: cyclizine hydrochloride, chlorpromazine, droperidol, prochlorperazine maleate,
metoclopramide hydrochloride, ondansetron, palonosetron, fosaprepitant, nabilone, betahistine dihydrochloride.
[0047] Medicines used for analgesia as referenced in the British National Formulary sub section 4.7 including but not
limited to: nefopam hydrochloride; buprenorphine; diamorphine hydrochloride, fentanyl, meptazinol, tramadol hydrochlo-
ride; capsaicin; tolfenamic acid, zolmitriptan, pizotifen, clonidine.
[0048] Medicines used to treat epilepsy as referenced in the British National Formulary sub section 4.8.
[0049] Medicines used to treat Parkinsonism and related disorders as referenced in the British National Formulary
sub section 4.9.
[0050] Medicines used to treat substance dependence as referenced in the British National Formulary sub section 4.10.
[0051] Medicines used to treat dementia as referenced in the British National Formulary sub section 4.11.
[0052] Medicines used in the treatment of astrocytoma’s glioblastomas as referenced in the British National Formulary
sub section 8 including but not limited to everolimus, temozolomide, carmustine.
[0053] Medicines used in the treatment of neurological disorders as referenced in the British National Formulary sub
section 8.2.4 including but not limited to Glatiramer acetate, fingolimod.
[0054] Furthermore, classes of agent for delivery to the CNS in accordance with the present invention include: cytokines
and nucleic acids, such as vectors for gene therapy.
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Administration and treatment

[0055] The nanoparticles and compositions of the invention may be administered to patients by any number of different
routes, including enteral or parenteral routes. Parenteral administration includes administration by the following routes:
intravenous, cutaneous or subcutaneous, nasal, intramuscular, intraocular, transepithelial, intraperitoneal and topical
(including dermal, ocular, rectal, nasal, inhalation and aerosol), and rectal systemic routes.
[0056] Administration be performed e.g. by injection, or ballistically using a delivery gun to accelerate their transdermal
passage through the outer layer of the epidermis. The nanoparticles may also be delivered in aerosols. This is made
possible by the small size of the nanoparticles.
[0057] The exceptionally small size of the nanoparticles of the present invention is a great advantage for delivery to
cells and tissues, as they can be taken up by cells even when linked to targeting or therapeutic molecules. Thus, the
nanoparticles may penetrate the brain endothelium and be internalised by astrocytes, their "cargo" of attached or asso-
ciated agent(s) released, e.g., for interaction with CNS targets, such as glial or neuronal receptors, gene expression
targets.
[0058] The nanoparticles for use in accordance with the invention as defined in the claims may be formulated as
pharmaceutical compositions that may be in the forms of solid or liquid compositions. Such compositions will generally
comprise a carrier of some sort, for example a solid carrier or a liquid carrier such as water, petroleum, animal or vegetable
oils, mineral oil or synthetic oil. Physiological saline solution, or glycols such as ethylene glycol, propylene glycol or
polyethylene glycol may be included. Such compositions and preparations generally contain at least 0.1 wt% of the
compound.
[0059] In some cases the pharmaceutical composition may comprise a permeation enhancer. The permeation en-
hancer may, in some cases, be selected from an alkyl-D-maltoside and lysalbinic acid. The alkyl-D-maltoside may be
selected from the group consisting of: hexyl-β-D-maltoside, octyl-β-D-maltoside, nonyl-β-D-maltoside, decyl-β-D-malto-
side, undecyl-β-D-maltoside, dodecyl-β-D-maltoside, tridecyl-β-D-maltoside, tetradecyl-β-D-maltoside and hexadecyl-
β-D-maltoside. In certain cases said alkyl-D-maltoside may comprise or consist of dodecyl-β-D-maltoside or tetradecyl-
β-D-maltoside.
[0060] For intravenous, cutaneous or subcutaneous injection, or injection at the site of affliction, the active ingredient
will be in the form of a parenterally acceptable aqueous solution which is pyrogen-free and has suitable pH, isotonicity
and stability. Those of relevant skill in the art are well able to prepare suitable solutions using, for example, solutions of
the compounds or a derivative thereof, e.g. in physiological saline, a dispersion prepared with glycerol, liquid polyethylene
glycol or oils.
[0061] In addition to one or more of the compounds, optionally in combination with other active ingredient, the com-
positions can comprise one or more of a pharmaceutically acceptable excipient, carrier, buffer, stabiliser, isotonicising
agent, preservative or anti-oxidant or other materials well known to those skilled in the art. Such materials should be
non-toxic and should not interfere with the efficacy of the active ingredient. The precise nature of the carrier or other
material may depend on the route of administration, e.g. intraveneously, orally or parenterally.
[0062] Liquid pharmaceutical compositions are typically formulated to have a pH between about 3.0 and 9.0, more
preferably between about 4.5 and 8.5 and still more preferably between about 5.0 and 8.0. The pH of a composition can
be maintained by the use of a buffer such as acetate, citrate, phosphate, succinate, Tris or histidine, typically employed
in the range from about 1 mM to 50 mM. The pH of compositions can otherwise be adjusted by using physiologically
acceptable acids or bases.
[0063] Preservatives are generally included in pharmaceutical compositions to retard microbial growth, extending the
shelf life of the compositions and allowing multiple use packaging. Examples of preservatives include phenol, meta-
cresol, benzyl alcohol, para-hydroxybenzoic acid and its esters, methyl paraben, propyl paraben, benzalconium chloride
and benzethonium chloride. Preservatives are typically employed in the range of about 0.1 to 1.0 % (w/v).
[0064] Preferably, the pharmaceutically compositions are given to an individual in a prophylactically effective amount
or a therapeutically effective amount (as the case may be, although prophylaxis may be considered therapy), this being
sufficient to show benefit to the individual. Typically, this will be to cause a therapeutically useful activity providing benefit
to the individual. The actual amount of the compounds administered, and rate and time-course of administration, will
depend on the nature and severity of the condition being treated. Prescription of treatment, e.g. decisions on dosage
etc, is within the responsibility of general practitioners and other medical doctors, and typically takes account of the
disorder to be treated, the condition of the individual patient, the site of delivery, the method of administration and other
factors known to practitioners. Examples of the techniques and protocols mentioned above can be found in Handbook
of Pharmaceutical Additives, 2nd Edition (eds. M. Ash and I. Ash), 2001 (Synapse Information Resources, Inc., Endicott,
New York, USA); Remington’s Pharmaceutical Sciences, 20th Edition, 2000, pub. Lippincott, Williams & Wilkins; and
Handbook of Pharmaceutical Excipients, 2nd edition, 1994. By way of example, and the compositions are preferably
administered to patients in dosages of between about 0.01 and 100mg of active compound per kg of body weight, and
more preferably between about 0.5 and 10mg/kg of body weight.
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[0065] It will be understood that where treatment of tumours is concerned, treatment includes any measure taken by
the physician to alleviate the effect of the tumour on a patient. Thus, although complete remission of the tumour is a
desirable goal, effective treatment will also include any measures capable of achieving partial remission of the tumour
as well as a slowing down in the rate of growth of a tumour including metastases. Such measures can be effective in
prolonging and/or enhancing the quality of life and relieving the symptoms of the disease.
[0066] As will be appreciated by the skilled person, the conditions for treatment by delivery of suitable agents to the
CNS via nanoparticles as defined herein are many and varied. Such conditions are as defined in claim 1.
[0067] The following is presented by way of example and is not to be construed as a limitation to the scope of the claims.

Examples

Example 1 - Synthesis of nanoparticles

[0068] Gold nanoparticles having a corona of glucose ligands or glutathione ligands were synthesised essentially as
described previously (22).
[0069] Briefly, the following general method was used to produce nanoparticles with gold metal cores of approx. 1.6
nm diameter, noting that the ligand coronas increase the hydrodynamic diameters to approx. 5 nm.
[0070] Oxidized ligand, either glutathione (Fluka 49741) or beta-2-mercaptoethoxy-glucose (synthesized in house),
were dissolved in 9:1 methanol:water and gold III chloride (Sigma-Aldrich, Poole, UK) added. The organic ligands were
used at a fourfold molar excess relative to the gold. The solution was then mixed for 5 min gently on a flat-bed shaker.
The nanoparticles were produced by reduction following the rapid addition of a 20 fold molar excess relative to the gold,
of freshly made 1 M sodium borohydride (Sigma-Aldrich, Poole, UK) under vigorous vortexing. The samples were
vortexed for a total of 30 s followed by a further 1 h gentle mixing on the flat bed shaker. As the nanoparticles are not
soluble in methanol/water solvent, initial purification was by bench centrifugation, supernatant removal and dispersion
of the nanoparticle pellet in water. Further purification was achieved by 4 water washes in 10 kDa vivaspin centrifugation
devices (GE Healthcare). The gold concentration of all nanoparticle preparations was determined by a simple colorimetric
assay. Briefly 10 ml of nanoparticle sample or 12 mg/ml gold standard (Fluka (Sigma-Aldrich, Poole, UK)) and blanks
were digested with 30 ml of 50:50 water:aqua regia in an ELISA plate for 1 min, this was followed by addition of 150 ml
of 2 M NaBr, the 405 nm absorbance was then measured immediately, the assay having excellent linearity over the
0-10 mg range.

Example 2 - Delivery of nanoparticles across an endothelial blood-brain barrier model to astrocytes

[0071] The present inventors considered how selectivity for the CNS can be achieved. Since brain endothelium has
a number of specific receptors and transporters which allow influx of nutrients into the brain, their ligands have been
exploited in attempts to develop CNS specific nanoparticles (20). For example, nanoparticles coated with ApoE (targeting
the LDL receptor) or OX26 antibody (targeting the transferrin receptor) have both been used in CNS drug delivery (16,17).
Another potential target is the glucose receptor (Glut-1), which is selectively expressed on brain endothelium and is also
present on astrocytes (21).
[0072] In this study we focused on nanoparticles that can cross brain endothelium and enter the underlying astrocytes.
We have used an in vitro model to examine the potential of glucose-coated gold nanoparticles to do so. The nanoparticles
have a 2nm gold core and 5nm surface coating (22), a size which is considerably smaller than that used in related studies
(16). These nanoparticles were chosen to enhance targeting for brain endothelium and astrocytes and to minimise
endosomal uptake.
[0073] To investigate the distribution of gold nanoparticles in cells in vitro, we have used TEM to give quantitative
information about localization of the nanoparticles in different subcellular compartments. Our study compares brain
endothelium with endothelia from other tissues (bone marrow and coronary artery) in order to establish whether the
glucose-coated nanoparticles are CNS-selective.
[0074] We have also investigated the rate of transport across brain endothelium and into astrocytes using a recently
developed model of the blood brain barrier, in which human astrocytes are cultured in a 3-dimensional (3D) collagen
gel, beneath a monolayer of human brain endothelium. The model is based on a 3D rat glial cell culture system developed
in our laboratories (23, 24), which has been modified using primary human astrocytes and a brain endothelial cell line
hCMEC/D3 (25). All cells used in this investigation are of human origin.
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Materials and Methods

Endothelial cell cultures

[0075] Primary human brain microvessel endothelium was obtained from surgical resection, undertaken to treat epi-
lepsy, with the informed consent of the patient. The cells were isolated from a small area of unaffected tissue at the tip
of the temporal lobe, by collagenase/dispase digestion and isolation on BSA and percoll gradients as previously described
(26). The cells were cultured (passage-1) on collagen-coated flasks or tissue culture inserts (Costar) in EBM-2 MV
medium (Lonza) supplemented with 2.5% foetal bovine serum, hydrocortisone, VEGF, epidermal growth factor (EGF),
insulin-like growth factor I (IGF-I), human fibroblast growth factor (FGF), ascorbic acid and gentamicin sulphate according
to the manufacturer’s formulation (Lonza), and penicillin/streptomycin (Invitrogen).
[0076] The human cerebral microvessel endothelial cell line hCMEC/D3 (25) at passage 24-30 and primary human
coronary artery endothelial cells (hCAEC, Lonza; Cat. No. CC-2585) were cultured in EBM-2 medium. The human bone
marrow endothelial cell line BMEC (27) was cultured in DMEM (Sigma) supplemented with 10% foetal bovine serum
and 1% penicillin/streptomycin (Invitrogen). All the endothelial cells were cultured at 37 °C in a humidified atmosphere
containing 5% CO2, unless otherwise indicated.

3D collagen gel astrocyte cultures and astrocyte/endothelial cocultures

[0077] Three-dimensional (3D) collagen gels were set up in a pre-warmed 24 well plate, with 450 ml of collagen mixture
per well. The mixture contained 40 % of rat tail collagen type I (5 mg/ml, dissolved in 0.6% acetic acid, First Link), 40 %
water, 10 % of 10 times concentrated MEM and 10 % suspension of human astrocytes (1.2 x106/ml passage 2-4). The
gel was neutralized with sodium hydroxide immediately before the cell suspension was added. The gelation took ∼ 10
min, then astrocyte medium (Sciencell) was added over the gel. Gels were cultured for 3 days before the nanoparticles
were applied. In some cases, the astrocyte-gels were compressed using absorbers (TAP Biosystems) to approximately
10% of their original volume, before use.
[0078] For the astrocyte/endothelial cell cocultures, the astrocyte-containing gels were compressed for 15min after 2
hours of incubation and were then cultured for 24h in astrocyte medium before being overlaid with hCMEC/D3 cells at
a cell density of 50 000 cells/cm2.
[0079] These co-cultures were incubated for 3 days in EBM-2, before the nanoparticles were applied to the apical
surface in fresh media for 1, 3 or 8 hrs.
[0080] After the incubation with nanoparticles, the gels were washed x3 in PBS and fixed in 2.5% glutaraldehyde in
phosphate buffer for at least 1 hour. They were further processed for TEM, as described below for inserts.

Gold nanoparticle migration assay

[0081] Gold nanoparticles (2nm core) were synthesised by Midatech Ltd as described previously (22). In this study
we used nanoparticles coated with glucose or glutathione. The glucose-coated nanoparticles have a diameter of ∼4 nm
and a mean molecular mass of ∼27kDa.
[0082] For transcytosis assays, 12-well collagen-coated inserts (Corning Costar) were seeded with 40 000 cells/well
and incubated for 2 or 3 days to reach confluency. The cells were then washed (HBSS) and gold nanoparticles (2ng)
were added to the fresh culture medium (0.5ml) in the upper chamber. The cells were then incubated for 0-22hrs at
37°C. Cells were washed three times in cold PBS to remove any loosely attached nanoparticles on the apical surface
and were then fixed in 2.5% glutaraldehyde in phosphate buffer for at least 1 hour.

Transmission electron microscopy (TEM)

[0083] Silver enhancement (45 min, Aurion, UK) was used to help to visualise the nanoparticles. Post-fixation was
carried out with 1% (w/v) osmium tetroxide in phosphate buffer for 1 hour and the filters were then washed in phosphate
buffer for 10 min. The filters were taken out of the insert and randomly cut into 2 segments of 3-5mm x 2mm. These
segments were progressively dehydrated in 30-100% ethanol and finally embedded in Epon. Ultrathin sectioning was
done with a Diatome diamond knife producing sections of 70 - 80 nm thickness, which were then loaded on copper grids
coated with Pioloform. The grids were counterstained with uranyl acetate for 35 min, washed three times, immersed in
lead citrate for 7 min and washed three times. The grids were observed on a transmission electron microscope JEM-
1400 operated at an acceleration voltage of 80 kV using magnification of x5000.
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Sampling and statistical analysis of TEM data

[0084] To choose representative data, a systematic sampling method was used. Twenty five pictures were taken from
each section at regular intervals, i.e. every fourth microscopic field. If there was no cell in the fourth field or if the field
contained an apoptotic cell, the stage was advanced until a viable cell was found. After this, every picture was analysed
separately by counting the observed nanoparticles which were assigned into six categories (upper membrane, lower
membrane, vesicular, intracytoplasmic, nuclear, junctional). In the vesicular category, we included all nanoparticles
found in membrane-associated compartments excluding mitochondria. The membrane length visible in each picture
(upper or lower membrane) was measured using software Image-J version 1.43. Data points are based on a measurement
of at least 50 cells from each experimental treatment or time-point (2 technical replicates with 25 images per replicate).
Each experiment was done 2-4 times and the figures show data from a representative experiment. The data is expressed
either as nanoparticles per micron of plasma membrane or nanoparticles/cell, as appropriate. Note that the figures on
the graphs refer to an 80nm thick section of the cell, and estimates of the total number of nanoparticles/cell are made
by calculation based on the area of the monolayers and the numbers of cells.
[0085] To evaluate astrocytes in 3D gels, pictures were taken of all astrocytes in each section; the area of each cell
and nucleus was measured using Image-J and the nanoparticles counted and assigned to categories, as above.
[0086] For astrocytes in coculture with hCMEC/D3 cells in 3D gels, in each evaluated section of the gel, all astrocytes
were counted, with a minimum sample size of 50 cells containing nanoparticles (>240 cells). The distance of each
astrocyte from the basal membrane of the endothelium was also measured.

Results

[0087] To determine whether glucose-coated nanoparticles can cross human brain endothelium, the nanoparticles
were applied to the apical surface of endothelial cell monolayers. The cells were examined by silver-enhanced TEM
after culture for 0-22 hours. The initial experiments were carried out with primary human brain endothelium (passage-
1) or the brain endothelial cell line hCMEC/D3. The results showed that at 3-8h, large numbers of nanoparticles were
located between the basal plasma membrane and the collagen matrix on the supporting membrane (Fig 1). At this time
the nanoparticles were also present in the cytosol, but there were very few particles in vesicles or the nucleus or in
intercellular junctions. The presence of nanoparticles in the cytosol and their absence from intercellular junctions sug-
gested that they were directly crossing the cells by transcytosis, and were not reaching the basal membrane by paracellular
movement.
[0088] To determine the rate of transport in endothelia from different tissues, we compared the two brain endothelia
with primary coronary artery endothelium and a bone marrow endothelial cell line BMEC (immortalised in a similar way
as hCMEC/D3 cells). The rate at which nanoparticles cross the endothelium was determined by counting the number
of nanoparticles located beneath the basal plasma membrane. Transcytosis of the brain endothelial cell line and the
primary brain endothelium was approximately linear over 8 hours (Fig 2a). Moreover, transfer across the two brain
endothelial lines was considerably faster than across the two non-brain cell lines (Fig 2e) .
[0089] As an additional control, we used a non-endothelial cell type, human fibroblasts, in which the rate of movement
of the nanoparticles was measured over 5h, using the same experimental setup as above. The rate of transfer to the
lower membrane of fibroblasts was <3% of the rate of transfer across the primary brain endothelium.
[0090] To estimate the percentage of applied nanoparticles that cross the endothelium, we counted all of the cell-
associated nanoparticles in strips across two filters of hCMEC/D3 cells (>18,000 NPs) and calculated that 7 x109 nan-
oparticles would be detectable in the entire area of the filter. We estimated that 4.4 x 1010 nanoparticles were applied
to each filter (2ng), hence this represents ∼16% of the applied nanoparticles. It should be noted that this is a minimum
figure, since it does not take account of losses within the system or failure to detect some of the nanoparticles by TEM.
Confluent monolayers of hCMEC/D3 cells on these filters typically contain ∼105 cells, so the uptake is >7 x104 nano-
particles per cell.
[0091] In other studies that have used nanoparticles in vivo or on brain endothelium in vitro, the particles have been
predominantly localised to vesicles (16-18). However, these studies have generally used much larger nanoparticles. We
therefore undertook a more careful analysis of subcellular localisation in order to understand the mechanism by which
the nanoparticles cross the endothelium. We quantitated the numbers of particles seen in the cytosol, vesicles (i.e.
endosomes and any other membrane associated structure excluding mitochondria), the nucleus and particles associated
with the apical and basal plasma membranes. It was notable that nanoparticles were only occasionally seen in the
intercellular junctions (Fig 3a) or the cell nuclei. At 3-8 hours on all endothelial cells, the majority of the intracellular
nanoparticles were seen in the cytosol, with a smaller proportion in the vesicles (Fig 3b). We did observe nanoparticles
in vesicles of hCMEC/D3 cells at 22h (data not shown) but at this time, the particles were in clumps and there were
fewer at the basal membrane. Hence, in the early stages (3-8h) the nanoparticles appeared to cross the endothelium
by non-vesicular transcytosis, but at the last time-point (22h) they had become aggregated and were then located in
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endosomes.
[0092] To further investigate how the nanoparticles were moving across the cells experiments were carried out for 3
hours using hCMEC/D3 cells in the presence of antibiotics that interfere with endocytosis and/or vesicular transport -
cytochalasin-B (glucose transport) chlorpromazine (clathrin-coated vesicles), nocodazole (microtubules), cytochalasin-
D (microfilaments) and nystatin (caveolae and lipid rafts). In theory, if the nanoparticles are transported by a particular
cellular system then antibiotic treatment should block transcytosis. (Preliminary experiments confirmed that the antibiotic
doses used were not toxic for the cells for up to 5h.) The results showed that at 3h none of the treatments reduced the
rate of nanoparticle transcytosis (Fig 4). Therefore one possible mechanism for the transport of nanoparticles across
the plasma membrane is by a passive diffusion. If this is correct then it would be in agreement with the observation that
these nanoparticles cross via the cytosol, rather than by vesicles.
[0093] Since the apical and basal plasma membranes limit free diffusion of hydrophilic molecules, we reasoned that
changing membrane fluidity might affect the rate of transcytosis To determine whether membrane fluidity could affect
the rate of transcytosis, we compared cells at 37°C and 30°C, a temperature which reduces fluidity (Fig 5). At 30°C
transcytosis was <20% of the rate at 37°C. While this result is indicative it is not conclusive because the reduced
temperature could also affect other relevant metabolic processes. Interestingly though the intracellular distribution of
nanoparticles between subcellular compartments was unchanged at the lower temperature, which suggests a passive
process. Also it is notable that reducing the temperature causes a very substantial decrease in transcytosis (lower
membrane), presumably because the nanoparticles must cross two plasma membranes.
[0094] The original rationale for the use of glucose-coated nanoparticles was that they could be carried by the Glut-1
transporter. However the failure to block uptake with cytochalasin-B (Fig 4), suggested that active transport via this
receptor was not taking place. To investigate the role of the coating we compared the rate of transcytosis of glucose-
coated, and glutathione-coated 4 nm nanoparticles across hCMEC/D3 cells (Fig 6). As an additional control for size
dependence, 30 nm colloidal gold nanoparticles were also tested. Glucose-coated particles transcytosed more effectively
than glutathione-coated nanoparticles and both 4 nm nanoparticles were more effective than the 30 nm colloidal nano-
particles. This result suggests that the characteristics of the nanoparticle, including its size, ligand and charge, all
contribute towards the effectiveness of the transfer.
[0095] The ultimate aim of the project was to determine whether the nanoparticles could act as a carrier across the
blood-brain barrier and target glial cells. In the initial experiments we had noted that the nanoparticles accumulated
between the basal plasma membrane of the endothelium and the membrane of the insert. Moreover, the nanoparticles
were also seen moving through the pores (220nm) in the filters (see Fig.3a), which indicated that they could be released
by the endothelium and potentially enter the interstitial spaces.
[0096] To assess the potential of the nanoparticles to target glial cells we used a novel coculture system, in which
human astrocytes were cultured in a 3D collagen gel, overlaid with a monolayer of brain endothelium (hCMEC/D3).
Preliminary experiments (TEM) confirmed that the nanoparticles could pass freely through the gel matrix and enter the
astrocytes (Fig.7a). The nanoparticles were then applied on the endothelium in coculture and the rate of accumulation
in astrocytes was measured over 1-8 hours. Observations were made from sufficient number of cells, to include at least
50 astrocytes containing nanoparticles (Fig 7b). Over the 8 hour time course there was a progressive increase in the
percentage of astrocytes with detectable nanoparticles (Table 1).

[0097] Within the 3D gel matrix, astrocytes containing nanoparticles are positioned at different depths from the en-
dothelial monolayer and it was possible to detect the spread of nanoparticles to deeper astrocytes over 1-3 hours,
although the numbers of particles detected per cell was similar at all times (Table 1). The thickness of the compressed
gels is 40-60 mm. Therefore the observation that the median distance of nanoparticles from the endothelium at 3 hours
was 16.7 mm, suggests that the nanoparticles can permeate the entire gel depth by this time. Since these observations,

Table 1. Accumulation of nanoparticles in astrocytes in coculture

Time1 Cells2 % Positive cells3 Distance4 Particles/cell5

1 hour 411 7.4 6 2.0 10.6 6 1.6 3.53 6 0.41

3 hours 308 15.9 6 1.0 16.7 6 2.6 4.16 6 0.46

8 hours 240 19.5 6 0.6 15.5 6 1.4 3.75 6 1.15

1. Time after application of nanoparticles to the apical surface of the endothelium.
2. Total number of astrocytes observed.
3. Percentage of astrocytes with intracellular nanoparticles.
4. The distance in mm of each astrocyte containing nanoparticles from the basal surface of the endothelium.
5. Number of nanoparticles observed in cells containing nanoparticles.
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based on 80nm thick sections, detected on average 3.75 nanoparticles/cell at 8 hours, we infer that a single astrocyte,
which may be up to 80 mm in depth could contain several hundred nanoparticles. Hence 4nm glucose-coated nanopar-
ticles show great potential for selective uptake and transcytosis by brain endothelium and as carriers for delivery of
therapeutic agents to astrocytes.

Discussion

[0098] Targeted delivery of drugs to cells of the CNS, is a major obstacle in the treatment of many diseases. Gold
nanoparticles have considerable potential as carriers of therapeutic agents across the blood-brain barrier, as they are
not immunogenic and smaller nanoparticles (3-5nm) are not cytotoxic except at high doses (27,28,29). Here we show
that 4nm glucose-coated gold nanoparticles can cross brain endothelium with no detectable damage to the endothelial
cells (33).
[0099] In this study, glucose-coated nanoparticles were selected because of their potential to bind to the glucose
receptor, Glut-1, on brain endothelium and astrocytes. The finding, that these nanoparticles were selectively transported
by brain endothelium (Fig 2), initially supported the view that uptake or transcytosis was ligand-dependent. However
transcytosis was not blocked by antibiotics that interfere with transport (Fig 4), and altering the concentration of glucose
in the medium also had no effect on transcytosis (data not shown). Hence it appears that transcytosis is not dependent
on the glucose transporter system, and the physical configuration of the glucose coating makes it unlikely that it could
engage the glut-1 receptor. As an alternative, it is possible that the initial attachment to the endothelium depends on the
biophysical properties of the nanoparticles and the cells. In this respect, it is known that the glycocalyx of brain endothelium
is highly sialylated, and quite different from endothelium in other tissues (30), which could explain the selective uptake
by brain endothelium. It is likely that the size and composition of the nanoparticles is also important. We found that 30nm
nanoparticles and glutathione-coated 4nm gold nanoparticles were both significantly less efficient at crossing the en-
dothelium (Fig 6).
[0100] Other studies have indicated that transcytosis of nanoparticles is an active process due to decreased uptake
of nanoparticles into cells at 4 °C (31). Indeed, in one experiment (data not shown) we also found that no transcytosis
occurred at 4 °C. However, these studies did not take into consideration the fluidity of the plasma membrane which we
propose could be a critical factor controlling the trans-membrane movement of small nanoparticles.
[0101] As we were using a static in vitro culture, we considered the possibility that diffusion around the edge of the
well or sedimentation should be taken into account. However, in the case of small sized gold nanoparticles, under 15
nm, these effects are negligible and should not have an effect on the transport mechanism (32). The absence of nano-
particles in the intercellular junctions also confirms that they do not use a paracellular route across the endothelium.
[0102] In the cocultures we cannot completely refute the idea of passive diffusion of nanoparticles into the gel round
the edges of the cultures. However, as the number of nanoparticles increases substantially with the distance travelled
from the endothelial monolayer over 1-3hours (Table 1), this is most readily explained by movement of the nanoparticles
from the basal lamina of the endothelium into the gel matrix and thence into the astrocytes.
[0103] The localisation of nanoparticles provided most interesting data. It was notable that nanoparticles were rarely
seen in the nuclei of the endothelium, but common in the nuclei of astrocytes, either in single cell cultures or cocultures
(Fig 7). It is possible that changes in the surface coating of the nanoparticles occur during the extended period of the
coculture, or as the particles cross the endothelium, which means that they subsequently tend to localise to the astrocyte
nucleus. Currently the reason for this difference in subcellular localisation is obscure. Regardless of the mechanism, it
is important that the nanoparticles are not trapped in the endothelium, if they are to be used to deliver a therapeutic
cargo to cells of the CNS.
[0104] The number of transcytosed nanoparticles is also an important consideration. Our calculations suggest that
>70,000 nanoparticles cross each endothelial cell and several hundred accumulate in each astrocyte. They therefore
have the potential to carry an effective dose of a toxic agent, a receptor agonist or a gene to the target cells, if the process
can be made to occur at a similar level in vivo. In short, 4nm glucose-coated gold nanoparticles are selective for brain
endothelium and they have great potential for delivery of therapeutic agents to target cells in the CNS.

Example 3 - Delivery of agents to the CNS

[0105] Agents, including small molecule drugs, labels and/or biological agents such as peptides or nucleic acids may
be coupled to the nanoparticles as defined herein using essentially any suitable technique. Agents may be covalently
linked to the core of the nanoparticle or may form a binding interaction with the corona of the nanoparticle. In particular,
a label, e.g. an MRI contrast agent, such as a lanthanide may be complexed by carbohydrate groups present as ligands
attached to the nanoparticle core (see, for example, Example 3 of WO 2004/108165). Alternatively or additionally, one
or more peptides or proteins (including for example cytokines, antibodies or neuropeptides) may be non-covalently
bound to the corona of the nanoparticle (see, e.g., Example 3 of WO 2011/154711). Alternatively or additionally, a nucleic
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acid such as an siRNA or a segment of DNA or RNA may be covalently linked to the core of the nanoparticle via thiol
derivatisation of the nucleic acid at the 3’ or 5’ terminus of the nucleic acid strand (see, for example, WO 2005/116226,
in particular the examples thereof).
[0106] Delivery of agents to the CNS utilising nanoparticles as defined herein may be assessed using a model of the
blood brain barrier as described in detail in Example 2. In some cases, assessment of successful delivery of the agent
of interest to a CNS cell, such as an astrocyte, may involve physically identifying the presence of the agent (optionally
together with the nanoparticle) in the target cell and/or performing a functional assay of the effect of said agent on the
target cell. By way of example, where the agent comprises siRNA that targets a specific gene, a suitable functional assay
may comprise assessment of expression of said gene in the target CNS cell. Preferably, one or more controls such as
nanoparticles in the absence of the agent and/or agent in the absence of the nanoparticles will be contacted to the blood
brain barrier model system thereby providing a reference against which the presence and/or effect of the nanoparticle
having a cargo of the agent of choice is assessed.

Example 4 - Nanoparticle coatings and transfer across the brain endothelium

[0107] The present study set out to investigate the following aims:

• To determine whether gold nanoparticles with various surface coatings cross human brain endothelium.

• To determine if transport can be selective for brain endothelium.

• To investigate potential mechanisms of transfer and optimise the delivery system.

• To determine whether nanoparticles can target glial cells after transfer across the endothelium.

[0108] To this end, nanoparticles having a corona comprising one or more of the following ligand species were syn-
thesised essentially as described in Example 1:

• C2-glucose

• C5-glucose

• C11-glucose

• Maltose

• Lactose

• Galactose

• Galactosamine

• Glutathione

The transfer rate of nanoparticles was found to vary according to the composition of the nanoparticle corona (i.e. the
coating) and variation was seen between batches of nanoparticles (see Figure 8). In particular the number of nanoparticles
detected below the basal membrane at 8 hours is plotted for each nanoparticle ligand species as a percentage of the
control designated the C2-glucose-1 (i.e. a first batch of nanoparticles having a glucose ligand corona with a C2 linker).
It is clear that C11-glucose and a third batch of glucose (C2-glucose-3) exhibit greater than control transfer rate.
[0109] It was also found that galactosamine-NPs (i.e. nanoparticles having a corona of galactosamine ligands) bind
strongly to filters as shown in Figure 9.
[0110] Measurement of total transendothelial transfer of C2-glucose nanoparticles is depicted in Figure 10 (analysed
by spectroscopy). The values are shown in the following table:
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[0111] The effect of the glycocalyx on nanoparticle transport was then investigated. Removal of glycocalyx was
achieved by subjecting enthothelium cells to enzyme pre-treatment with heparinise, chondroitinase or neuraminidase
and then measuring the number of nanoparticles detected per micron at the basal membrane 8 hours after application
of the nanoparticles (see Figure 11). It is evident that removal of glycocalyx inhibits transport of the nanoparticles, with
the effect of chondroitinase pre-treatment being statistically significant (see ***).
[0112] Figure 12 shows insulin-coated nanoparticles (8 insulins and Zinc) taken up by hCMEC/D3 cells. 2 ng/cm2 of
nanoparticles were applied for 3 hours. It was found that insulin-coated nanoparticles transfer rapidly across hCMEC/D3
cells, primarily by vesicles (see Figures 13 and 14A and 14B).
[0113] The localisation of C2-glucose nanoparticles in astrocytes was investigated. Figure 15A shows the percentage
of astrocytes positive with nanoparticles at 1, 3 and 8 hours. Figure 15B shows the average distance of nanoparticles
from the endothelium in microns (maximum distance shown in inset figure) at 1, 3 and 8 hours.
[0114] Gold nanoparticle uptake for various nanoparticle corona compositions (C2-glucose, insulin or galactosamine
coatings) was investigated in 2D astrocyte culture and 3D co-cultured astrocytes (see Figures 16A and 16B, respectively).
The uptake into cytosol, vesicles and nucleus are shown, measured in nanoparticles per cell.
[0115] Figure 17 shows the location of nanoparticles on filters (edge or middle) for endothelium and astrocytes. The
number of nanoparticles in both endothelium and astrocytes was higher in the middle of the filters than at the edges,
but this difference was not found to be statistically significant (p>0.05).
[0116] Figure 18 shows results investigating nanoparticles in astrocyte/D3 co-culture. A) Percentage of astrocytes
positive for nanoparticles at 1, 3 and 8 hours. B) distance nanoparticles found from endothelium in microns at 1, 3 and
8 hours. C) number of nanoparticles per cell at 1, 3 and 8 hours. The number of cells observed in transmission electron
microscopy (TEM) at 1, 3 and 8 hours is shown in the inset to Figure 18.
[0117] Figure 19 shows results investigating the time course of uptake of glucose-NPs. A) Particles per cell in the
upper membrane over time. B) Particles per cell in the intracellular region over time. C) Particles per cell in the lower
membrane over time. D) Particles per cell in the vesicles over time.
[0118] An investigation into the possible effect of endothelial density on nanoparticle transfer was carried out. As
shown in Figures 20A and 20B, endothelial density does not affect the nanoparticle transfer.

Conclusions

[0119] Glucose-coated nanoparticles were found to be selective for brain endothelium. Up to 70,000 nanoparticles
cross each endothelial cell in an 8 hour period. Nanoparticles move at 10 - 20mm per hour, with more than 400 nano-
particles reaching each astrocyte.
[0120] Galactosamine and glutathione nanoparticles also cross efficiently. Movement of glucose-coated-NPs is pri-
marily across the cytosol. Removal of glycocalyx or reduction in temperature reduces cytosolic transfer.
[0121] Insulin-coated NPs appear to use rapid vesicular transcytosis across the endothelium. They can also be taken
up by astrocytes. Without wishing to be bound by any particular theory, the present inventors contemplate that the ability
to delivery insulin to the CNS via nanoparticles, as described herein, will have significant medical potential because the
avoidance of unwanted hypoglycaemia (e.g. due to peripheral effects of insulin) may be diminished or prevented.
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Claims

1. A nanoparticle composition comprising:

(a) a nanoparticle comprising:

(i) a core comprising a metal and/or a semiconductor, wherein the diameter of the core is in the range 1
nm to 5 nm;
(ii) a corona comprising a plurality of ligands covalently linked to the core via a linker that comprises a C2-
C15 alkyl and/or C2-C15 glycol group, wherein said ligands comprise a carbohydrate; and

(b) at least one agent covalently attached to said core, which agent exhibits at least one therapeutic effect
against a central nervous system (CNS) condition,

said nanoparticle composition being for use in a method of treatment of said CNS condition in a mammalian subject,
wherein the agent is delivered to astrocytes of the CNS by association with said nanoparticle, and wherein said
CNS condition is selected from the group consisting of: a tumour of the CNS; a neurodegenerative disease; stroke;
a neurological disorder; an infection of the CNS; an immune disorder of the CNS; a psychiatric disorder; a genetic
abnormality affecting the CNS; and a traumatic brain injury.
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2. The nanoparticle composition for use according to claim 1, wherein the composition is for use in the treatment of
an astrocytoma.

3. The nanoparticle composition for use according to claim 1 or claim 2, wherein the composition is administered by
a route selected from the group consisting of:

intravenous, intramuscular, intraperitoneal, or subcutaneous injection or infusion;
enteral;
buccal;
sublabial;
sublingual;
inhalation;
via a mucosal membrane;
urogenital;
rectal;
dermal; and
intradermal.

4. The nanoparticle composition for use according to any one of the preceding claims, wherein the subject is a human.

5. The nanoparticle composition for use according to any one of the preceding claims, wherein the at least one agent
is selected from the group consisting of: a small molecule drug, a nucleic acid, a peptide and a protein.

6. The nanoparticle composition for use according to any one of the preceding claims, wherein the at least one agent
is selected from the group consisting of: loprazolam, lormetazepam, temazepam; zaleplon, zolpidem, zopiclone;
clomethiazole; promethazine; melatonin; buspirone; chlorpromazine hydrochloride, haloperidol, perphenazine,
prochlorperazine maleate or mesilate, promazine hydrochloride, trifluoperazine; clozapine,
Olanzapine, quetiapine, risperidone, carbamazepine and sodium valproate; amitriptyline hydrochloride, clomi-
pramine hydrochloride, imipramine hydrochloride; mianserin hydrochloride; phenelzine, moclobemide; citalopram,
fluoxetine, sertraline; agomelatine, flupentixol, tryptophan, venlafaxine; atomoxetine, methylphenidate hydrochlo-
ride, modafinil; cyclizine hydrochloride, chlorpromazine, droperidol, prochlorperazine maleate, metoclopramide hy-
drochloride, ondansetron, palonosetron, fosaprepitant, nabilone, betahistine dihydrochloride; nefopam hydrochlo-
ride; buprenorphine; diamorphine hydrochloride, fentanyl, meptazinol, tramadol hydrochloride; capsaicin; tolfenamic
acid, zolmitriptan, pizotifen, clonidine; everolimus, temozolomide, carmustine; Glatiramer acetate and fingolimod.

7. The nanoparticle composition for use according to any one of the preceding claims, wherein the at least one agent
is covalently attached to the core of the nanoparticle via a linker.

8. The nanoparticle composition for use according to any one of the preceding claims, wherein the nanoparticle has
associated with it 2 or more entities of said agent.

9. The nanoparticle composition for use according to any one of the preceding claims, wherein the at least one agent
comprises 2 or more different species of agent.

10. The nanoparticle composition for use according to any one of the preceding claims, wherein the ligands comprise
a carbohydrate which is a monosaccharide or a disaccharide.

11. The nanoparticle composition for use according to claim 10, wherein said carbohydrate comprises glucose, alpha
galactose, mannose, fucose, maltose, lactose, galactosamine and/or N-acetylglucosamine.

12. The nanoparticle composition for use according to any one of the preceding claims, wherein the diameter of the
nanoparticle including its ligands is in the range 2 nm to 20 nm.

13. The nanoparticle composition for use according to any one of the preceding claims, wherein the core of the nano-
particle comprises a metal selected from the group consisting of: Au, Ag, Cu, Pt, Pd, Fe, Co, Gd and Zn, or any
combination thereof.
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Patentansprüche

1. Nanoteilchenzusammensetzung, umfassend:

(a) ein Nanoteilchen, umfassend:

(i) einen Kern, umfassend ein Metall und/oder einen Halbleiter, wobei der Durchmesser des Kerns im
Bereich von 1 nm bis 5 nm liegt;
(ii) eine Korona, umfassend eine Vielzahl von Liganden, die über einen Linker, der eine C2-15-Alkyl- und/oder
eine C2-15-Glykolgruppe umfasst, kovalent an den Kern gebunden ist, wobei die Liganden ein Kohlenhydrat
umfassen; und

(b) zumindest ein Mittel, das kovalent an den Kern gebunden ist, wobei das Mittel zumindest eine therapeutische
Wirkung gegen ein Leiden des Zentralnervensystems (ZNS) aufweist,

wobei die Nanoteilchenzusammensetzung zur Verwendung in einem Verfahren zur Behandlung des ZNS-Leidens
in einem Säugetierindividuum dient, wobei das Mittel durch Assoziation mit dem Nanoteilchen an Astrozyten des
ZNS angeliefert wird, und wobei das ZNS-Leiden aus der aus Folgendem bestehenden Gruppe ausgewählt ist:
einem Tumor des ZNS; einer neurodegenerativen Erkrankung; einem Schlaganfall; einem neurologischen Leiden;
einer Infektion des ZNS; einer Immunstörung des ZNS; einer psychiatrischen Störung; einer genetischen Anomalie,
die das ZNS betrifft; und einer traumatischen Hirnverletzung.

2. Nanoteilchenzusammensetzung zur Verwendung nach Anspruch 1, wobei die Zusammensetzung zur Verwendung
bei der Behandlung eines Astrozytoms dient.

3. Nanoteilchenzusammensetzung zur Verwendung nach Anspruch 1 oder Anspruch 2, wobei die Zusammensetzung
über eine Route verabreicht wird, die aus der aus Folgendem bestehenden Gruppe ausgewählt ist:

intravenöse, intramuskuläre, intraperitoneale oder subkutane Injektion oder Infusion;
enteral;
bukkal;
sublabial;
sublingual;
Inhalation;
über eine Schleimhautmembran;
urogenital;
rektal;
dermal; und
intradermal.

4. Nanoteilchenzusammensetzung zur Verwendung nach einem der vorangegangenen Ansprüche, wobei das Indivi-
duum ein Mensch ist.

5. Nanoteilchenzusammensetzung zur Verwendung nach einem der vorangegangenen Ansprüche, wobei das zumin-
dest eine Mittel aus der aus Folgendem bestehenden Gruppe ausgewählt ist: einem Kleinmolekül-Arzneimittel, einer
Nucleinsäure, einem Peptid und einem Protein.

6. Nanoteilchenzusammensetzung zur Verwendung nach einem der vorangegangenen Ansprüche, wobei das zumin-
dest eine Mittel aus der aus Folgendem bestehenden Gruppe ausgewählt ist: Loprazolam, Lormetazepam, Tema-
zepam; Zaleplon, Zolpidem, Zopiclon; Clomethiazol; Promethazin; Melatonin; Buspiron; Chlorpromazinhydrochlorid,
Haloperidol, Perphenazin, Prochlorperazinmaleat oder -mesilat, Promazinhydrochlorid, Trifluoperazin; Clozapin,
Olanzapin, Quetiapin, Risperidon, Carbamazepin und Natriumvalproat; Amitriptylinhydrochlorid, Clomipraminhyd-
rochlorid, Imipraminhydrochlorid; Mianserinhydrochlorid; Phenelzin, Moclobemid; Citalopram, Fluoxetin, Sertralin;
Agomelatin, Flupentixol, Tryptophan, Venlafaxin; Atomoxetin, Methylphenidathydrochlorid, Modafinil; Cyclizinhyd-
rochlorid, Chlorpromazin, Droperidol, Prochlorperazinmaleat, Metoclopramidhydrochlorid, Ondansetron, Palonose-
tron, Fosaprepitant, Nabilon, Betahistindihydrochlorid; Nefopamhydrochlorid; Buprenorphin; Diamorphinhydrochlo-
rid, Fentanyl, Meptazinol, Tramadolhydrochlorid; Capsaicin; Tolfenaminsäure, Zolmitriptan, Pizotifen, Clonidin;
Everolimus, Temozolomid, Carmustin; Glatirameracetat und Fingolimod.
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7. Nanoteilchenzusammensetzung zur Verwendung nach einem der vorangegangenen Ansprüche, wobei das zumin-
dest eine Mittel über einen Linker kovalent an den Kern des Nanoteilchens gebunden ist.

8. Nanoteilchenzusammensetzung zur Verwendung nach einem der vorangegangenen Ansprüche, wobei das Nano-
teilchen 2 oder mehr Einheiten des Mittels in Assoziation damit aufweist.

9. Nanoteilchenzusammensetzung zur Verwendung nach einem der vorangegangenen Ansprüche, wobei das zumin-
dest eine Mittel 2 oder mehr verschiedene Spezies eines Mittels umfasst.

10. Nanoteilchenzusammensetzung zur Verwendung nach einem der vorangegangenen Ansprüche, wobei die Liganden
ein Kohlenhydrat umfassen, das ein Monosaccharid oder ein Disaccharid ist.

11. Nanoteilchenzusammensetzung zur Verwendung nach Anspruch 10, wobei das Kohlenhydrat Glucose, α-Galac-
tose, Mannose, Fucose, Maltose, Lactose, Galactosamin und/oder N-Acetylglucosamin umfasst.

12. Nanoteilchenzusammensetzung zur Verwendung nach einem der vorangegangenen Ansprüche, wobei der Durch-
messer des Nanoteilchens, einschließlich seiner Liganden, im Bereich von 2 nm bis 20 nm liegt.

13. Nanoteilchenzusammensetzung zur Verwendung nach einem der vorangegangenen Ansprüche, wobei der Kern
des Nanoteilchens ein Metall umfasst, das aus der aus Folgendem bestehenden Gruppe ausgewählt ist: Au, Ag,
Cu, Pt, Pd, Fe, Co, Gd und Zn oder einer beliebigen Kombination daraus.

Revendications

1. Composition de nanoparticules comprenant :

(a) une nanoparticule comprenant :

(i) un coeur comprenant un métal et/ou un semiconducteur, le diamètre du coeur étant situé dans la plage
allant de 1 nm à 5 nm ;
(ii) une couronne comprenant une pluralité de ligands liés de manière covalente au coeur via un lieur qui
comprend un groupe alkyle en C2 à C15 et/ou glycol en C2 à C15, lesdits ligans comprenant un hydrate de
carbone ; et

(b) au moins un agent rattaché de manière covalente audit coeur, lequel agent présente au moins un effet
thérapeutique contre un état du système nerveux central (SNC),

ladite composition de nanoparticules étant destinée à être utilisée dans une méthode de traitement dudit état du
SNC chez un sujet mammifère, dans laquelle l’agent est délivré aux astrocytes du SNC par association avec ladite
nanoparticule, et dans laquelle ledit état du SNC est choisi dans l’ensemble constitué par : une tumeur du SNC ;
une maladie neurodégénérative ; un accident vasculaire cérébral ; un trouble neurologique ; une infection du SNC ;
un trouble immunitaire du SNC ; un trouble psychiatrique ; une anomalie génétique affectant le SNC ; et une lésion
cérébrale traumatique.

2. Composition de nanoparticules pour une utilisation selon la revendication 1, laquelle composition est destinée à
être utilisée dans le traitement d’un astrocytome.

3. Composition de nanoparticules pour une utilisation selon la revendication 1 ou 2, laquelle composition est administrée
par une voie choisie dans l’ensemble constitué par :

une injection ou perfusion intraveineuse, intramusculaire, intrapéritonéale, ou sous-cutanée ;
la voie entérale ;
la voie buccale ;
la voie sublabiale ;
la voie sublinguale ;
une inhalation ;
via une membrane muqueuse ;
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la voie urogénitale ;
la voie rectale ;
la voie dermique ; et
la voie intradermique.

4. Composition de nanoparticules pour une utilisation selon l’une quelconque des revendications précédentes, dans
laquelle le sujet est un humain.

5. Composition de nanoparticules pour une utilisation selon l’une quelconque des revendications précédentes, dans
laquelle l’au moins un agent est choisi dans l’ensemble constitué par : un médicament à petite molécule, un acide
nucléique, un peptide et une protéine.

6. Composition de nanoparticules pour une utilisation selon l’une quelconque des revendications précédentes, dans
laquelle l’au moins un agent est choisi dans l’ensemble constitué par : le loprazolam, le lormétazépam, le
témazépam ; le zaléplon, le zolpidem, la zopiclone ; le clométhiazole ; la prométhazine ; la mélatonine ; la buspirone ;
le chlorhydrate de chlorpromazine, l’halopéridol, la perphénazine, le maléate ou mésylate de prochlorpérazine, le
chlorhydrate de promazine, la trifluopérazine ; la clozapine, l’olanzapine, la quétiapine, la rispéridone, la carbama-
zépine et le valproate de sodium ; le chlorhydrate d’amitriptyline, le chlorhydrate de clomipramine, le chlorhydrate
d’imipramine ; le chlorhydrate de miansérine ; la phénelzine, le moclobémide ; le citalopram, la fluoxétine, la
sertraline ; l’agomélatine, le flupentixol, le tryptophane, la venlafaxine ; l’atomoxétine, le chlorhydrate de méthylphé-
nidate, le modafinil ; le chlorhydrate de cyclizine, la chlorpromazine, le dropéridol, le maléate de prochlorpérazine,
le chlorhydrate de métoclopramide, l’ondansétron, le palonosétron, le fosaprépitant, la nabilone, le dichlorhydrate
de bêtahistine ; le chlorhydrate de néfopam ; la buprénorphine ; le chlorhydrate de diamorphine, le fentanyl, le
meptazinol, le chlorhydrate de tramadol ; la capsaïcine ; l’acide tolfénamique, le zolmitriptan, le pizotifène, la
clonidine ; l’évérolimus, le témozolimide, la carmustine ; l’acétate de glatiramer et le fingolimod.

7. Composition de nanoparticules pour une utilisation selon l’une quelconque des revendications précédentes, dans
laquelle l’au moins un agent est rattaché de manière covalente au coeur de la nanoparticule via un lieur.

8. Composition de nanoparticules pour une utilisation selon l’une quelconque des revendications précédentes, dans
laquelle la nanoparticule a, associées avec elle, 2 ou plus de 2 entités dudit agent.

9. Composition de nanoparticules pour une utilisation selon l’une quelconque des revendications précédentes, dans
laquelle l’au moins un agent comprend 2 ou plus de 2 espèces différentes d’agent.

10. Composition de nanoparticules pour une utilisation selon l’une quelconque des revendications précédentes, dans
laquelle les ligands comprennent un hydrate de carbone qui est un monosaccharide ou un disaccharide.

11. Composition de nanoparticules pour une utilisation selon la revendication 10, dans laquelle ledit hydrate de carbone
comprend le glucose, l’alpha-galactose, le mannose, le fucose, le maltose, le lactose, la galactosamine et/ou la N-
acétylglucosamine.

12. Composition de nanoparticules pour une utilisation selon l’une quelconque des revendications précédentes, dans
laquelle le diamètre de la nanoparticule, y compris ses ligands, est situé dans la plage allant de 2 nm à 20 nm.

13. Composition de nanoparticules pour une utilisation selon l’une quelconque des revendications précédentes, dans
laquelle le coeur de la nanoparticule comprend un métal choisi dans l’ensemble constitué par : Au, Ag, Cu, Pt, Pd,
Fe, Co, Gd et Zn, ou l’une quelconque de leurs combinaisons.
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