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EXOSOMES FOR DELIVERY OF BIOTHERAPEUTICS

Field of the Invention

The present invention relates to compositions for the delivery of protein or peptide,
including antibody and antibody fragments. In particular the present invention relates to

exosomes, loaded with protein or peptide and methods of producing them.

Background to the Invention

Biotherapeutic agents are routinely used in the treatment and/or prevention of awide
range of diseases, including cancer, genetic disorders and autoimmune diseases.
Biotherapeutic agents are typically protein or peptides, for example antibodies or antibody
fragments and tend to be administered in naked form, i.e. without any aid to delivery.
However, in some instances, for example due to rapid clearance, lack of organ-specific
distribution and low efficacy of cellular uptake, administering biotherapeutics in specialized
delivery vehicles would be desirable.

Exosomes are small membrane-bound vesicles (30-100 nm) of endocytic origin that
are released into the extracellular environment following fusion of multivesicular bodies
with the plasma membrane. Exosome production has been described for many immune cells
including B cells, T cells, and dendritic cells (DCs). Exosomes derived from B lymphocytes
and mature DCs express MHC-11, MHC-I, CD86 and ICAM-1 [1, 2], and have been used to
induce specific anti-tumor T cytotoxic responses and anti-tumor immunity in experimental
models and clinical trials [2, 3]. The potential of exosome-mediated gene delivery has been
shown with delivery of murine mRNAs and miRNAs to human mast cells [4] and glioma-
derived exosomes [5] have been demonstrated to transfer mMRNAS produced by exogenous
DNA plasmids to heterologous cells. Exosomes with exogenous DNA, siRNAs and other

modified oligonucleotides have aso been disclosed [6].

Summary of the Invention

The present inventors have successfully loaded exosomes with exogenous protein,
and in particular exogenous antibodies. Thus the present invention relates to methods for
loading exosomes with exogenous protein and/or peptide, including antibodies and
fragments thereof, the exosomes loaded with such exogenous protein and/or peptides, and

their use in delivery of the protein and/or peptides for therapy.
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The exosomes of the present invention may have atargeting moiety expressed on
their surface. Fusion proteins comprising exosomal transmembrane proteins and atargeting
moiety allowing for the expression of the targeting moiety on the surface of the exosomes
and nucleic acid constructs encoding such fusion proteins are also described. The exosomes
comprising targeting moieties can be loaded with exogenous protein and/or peptides,
including antibodies or fragments thereof, according to the invention and used in delivery of
the protein and/or peptides for therapy.

In accordance with one aspect of the present invention, there isprovided a
composition comprising an exosome, wherein the exosome isloaded with exogenous protein
and/or peptide.

In another aspect, the invention provides a composition comprising an exosome
containing protein and/or peptide, wherein the exosome is derived from an immature
dendritic cell, for use in amethod of delivering the protein and/or peptide in vivo.

In another embodiment, the invention provides a method of loading exosomes with
protein and/or peptide comprising providing acomposition of exosomes, and loading the
exosomes with protein and/or peptide by electroporation.

In another embodiment, the invention provides a method of loading exosomes with
protein and/or peptide comprising providing a composition of exosomes and loading the

exosomes with protein and/or peptide by transfection, using a cationic liposome transfection

agent.

Description of the Figures

Figure 1. Loading of HEK cellswith HEK exosomes containing PE-conjugated
1gG isotype antibody: A showsthe localisation of the PE-conjugated antibody in HEK
cellswherein the HEK exosomes were mixed, but not electroporated with, the antibody. B
shows the localisation of the PE-conjugated antibody in HEK cells wherein the antibody
was loaded into the HEK exosomes by electroporating at 200 mV.

Figure 2. Loading of human fibroblasts with HEK exosomes containing FITC-
avidin: Transportan-Lamp2 exosomes were loaded with FITC-avidin by electroporation a
0mV, 100 mV, 200 mV and 400 mV. The exosomes were then incubated with human

fibroblasts and the amount of fluorescence emitted by the fibroblasts measured.
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Detailed Description of the Invention

The present invention is directed to exosomes, and their use asdelivery vehicles for
protein and/or peptide biotherapeutics, including antibodies and antibody fragments.
Exosomes are small membrane-bound vesicles of endocytic origin that are released into the
extracellular environment following fusion of multivesicular bodies with the plasma
membrane. Thus, the present application isdirected to acomposition comprising such
exosomes. Typically, the exosomes are between 30 and 100 nm in diameter but can include
membrane particles of similar origin up to 200nm. Exosomes asused herein refers to
nanoparticles of endosomal origin that are secreted from multivesicular bodies.

Exosomes are produced by many different types of cells including immune cells
such asB lymphocytes, T lymphocytes, dendritic cells (DCs) and mast cells. Exosomes are
also produced, for example, by glioma cells, platelets, reticulocytes, neurons, intestinal
epithelial cells, tumour cells, HELA cells, human embryonic kidney cells (HEK cells),
B2M17 cells, Bend3 cells, primary bone marrow-derived dendritic cells, BV-2 microglia
cells and NEURO 2A cells. Exosomes for use in accordance with the present application can
be derived from any suitable cell, including the cells identified above. Exosomes have also
been isolated from physiological fluids, such as plasma, urine, amniotic fluid and malignant
effusions.

In apreferred aspect of the present invention, exosomes are derived from DCs,
preferably immature DCs. Exosomes produced from immature DCs do not express MHC-II,
MHC-1 or CD86. As such, such exosomes do not stimulate naive T cellsto a significant
extent and are unable to induce aresponse in amixed lymphocyte reaction. Thus exosomes
produced from immature dendritic cells are ideal candidates for use in delivery of protein
and/or peptide biotherapeutics, particularly for in vivo use, for example, in the treatment of
cancer and autoimmune conditions.

Thus, in accordance with the first aspect of the present invention, exosomes derived
from dendritic cells are provided for use in in vivo delivery of protein and/or peptide.

Asoutlined above, exosomes are produced by many different types of cell and have
also been isolated from physiological fluids. Thus, in accordance with the present invention,
exosomes can be obtained from any suitable cell type as discussed above, or by isolation
from physiological fluids. Typically, the methods of the present invention comprise

isolation of the exosomes from cell culture medium or tissue supernatant.
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Exosomes produced from cells can be collected from the culture medium by any
suitable method. Typically apreparation of exosomes can be prepared from cell culture or
tissue supernatant by centrifugation, filtration or combinations of these methods. For
example, exosomes can be prepared by differential centrifugation, that islow speed
(<200009g) centrifugation to pellet larger particles followed by high speed (>100000g)
centrifugation to pellet exosomes, size filtration with appropriate filters (for example,
0.22um filter), gradient ultracentrifugation (for example, with sucrose gradient) or a
combination of these methods.

In accordance with the present invention, the exosomes are loaded with exogenous
protein and/or peptide. In particular, in accordance with the present invention, exosomes are
prepared and then loaded with the desired protein and/or peptide for delivery. In another
aspect, the protein or peptide can be loaded in the exosomes by overexpression of the
protein or peptide in the cell which isused to produce the exosomes, so that the exosomes
can be loaded with the peptide or protein. Exogenous refers to aprotein with which the
exosome isnot normally associated.

The use of exosomes to deliver biotherapeutics offers anumber of advantages over
conventional means of delivering such compounds. For example, when biotherapeutics are
delivered using exosomes they are protected from degradation and are more stable;
biotherapeutics may be delivered to atarget tissue, such as a specific type of cancer, more
efficiently and/or more specifically than if not encapsulated inside exosomes; and/or the
cargo may be less likely to elicit an immune response because it is contained within
exosomes and so isnot freely available for detection by immune cells and/or binding to
antibodies. Other potential advantages of the use of exosomes to deliver biotherapeutics
include bypassing hepatic cells following systemic delivery of exosomes and/or avoiding
drug resistance, such asthe upregulation of drug transporters such as ABC-transporters.

Suitable protein and/or peptide for delivery include exogenous antibodies and
antibody fragments. In accordance with one aspect of the present invention, the protein
and/or peptide loaded into the exosome is not protein and/or peptide that istypically
associated with the exosomes, for example, the protein and/or amino acid is preferably not
an protein or a peptide which isincorporated into an exosome on its production from acell.
In particular, the present invention is concerned with the ability to load protein and/or
peptide into an exosome preparation that has already been isolated from cells. Thus

exogenous protein and/or peptide refers to protein and/or peptide inclusive of proteins and
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peptides that are not normally associated with exosomes. In particularly preferred
embodiments, the protein and/or peptide isan antibody and/or antibody fragment which is
not typically found in exosomes.

Any biotherapeutic protein and/or peptide that has utility in the treatment and/or
prevention of a condition, disease or disorder may be incorporated into exosomes according
tothe present invention. In apreferred embodiment the protein or peptide for incorporation
into the exosomes is an antibody or an antibody fragment.

The protein and/or peptide to beloaded into the exosomes is chosen on the basis of
the desired effect of that protein and/or peptide on the cell into which it isintended to be
delivered and the mechanism by which that effect isto be carried out. A single protein or
peptide may be incorporated into the exosomes. Alternatively, more than one protein and/or
peptide may be incorporated into the exosomes. The more than one proteins and/or peptides
may act on the same or different targets to bring about their therapeutic and/or preventative
effect.

In apreferred aspect of the present invention, the peptide or biotherapeutic protein
for delivery isnot one which isused to generate an immune response. In particular the
protein istypically derived from ahuman protein, and isnot a peptide entirely of non-human
origin, when used to treat ahuman. Typically the peptide isnot derived from abacteria,
virus or other infectious agent. Also the peptide or protein isnot selected from or derived
from atumour antigen. Thus the peptide or protein is selected to provide atherapeutic
benefit itself, and isnot intended to be used to generate an immune response against the
peptide or protein.

The proteins and/or peptides to be incorporated into the exosomes may be useful, for
example, in the treatment and/or prevention of cancer. Examples of cancers that may be
treated using protein or peptide biotherapeutics include leukaemia, colorectal cancer, head
and neck cancer, non-Hodgkin lymphoma, breast cancer, ovarian cancer, prostate cancer,
gastric cancer, pancreatic cancer, adenocarcinoma and solid tumours. Such biotherapeutic
proteins and/or peptides are typically antibodies or fragments thereof, particularly
monoclonal antibodies or fragments thereof.

Protein and/or peptide biotherapeutics may also be used in the treatment and/or
prevention of autoimmune conditions. Autoimmune conditions arise from an overactive
immune response of the body against substances, tissues and organs normally present in the
body.
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Biotherapeutic proteins and/or peptides loaded into exosomes according to the
present invention may also be used to treat and/or prevent other conditions, including
cardiovascular disease, haemophilia, sepsis, stroke, muscular dystrophy, including
Duchenne muscular dystrophy (DMD), macular degeneration and Alzheimer's Disease.

In apreferred embodiment, the biotherapeutic loaded into exosomes according to the
present invention isatherapeutic antibody. In amore preferred embodiment, the therapeutic
antibody is selected from a monoclona antibody for blocking the active site of Bace-1 and
b-amyloids; a monoclonal antibody against gliblastoma kinases and an antibody against a4-
integrin for the treatment of MS, for example Natalizumab.

In apreferred embodiment the biotherapeutic loaded into exosomes according to the
present invention isapeptide. In amore preferred embodiment the peptide is selected from
an immune-dominant peptide for eliciting immune responses to viral and/or tumour
antigens; a neuroprotective peptide such as ad-opioid receptor ligand, for example Biphalin;
an immune-suppressive peptide for neuroinflammation, for example adrenomedullin and a
NBD peptide that binds and inhibits NfKB signalling.

The exogenous protein and/or peptide can beintroduced into the exosomes by a
number of different techniques. In particularly preferred embodiments of the invention, the
exosomes are loaded by electroporation or the use of atransfection reagent. The present
inventors have identified that despite the small size of exosomes, it is still possible to use
electroporation to load the exosomes with the exogenous protein and/or peptide. Thisis
surprising in view of the small size of the exosomes compared to cells. Extrapolation of the
voltages used for electroporation of cells to take into account the size of the exosomes
would suggest that excessively high voltages would be required for electroporation of
exosomes. Surprisingly however, the present inventors have identified that it ispossible to
use electroporation to load exosomes with antibodies. Electroporation conditions may vary
depending on the charge and size of the biotherapeutic cargo. Typical voltages are in the
range of 20V/cm to I000V/cm, such as 20V/cm to IOOV/cm with capacitance typically
between 25uT and 250uT, such asbetween 25uT and 125uT. A voltage in the range of
150mV to 250mV, particularly avoltage of 200mV ispreferred for loading exosomes with
an antibody according to the present invention.

Alternatively, the exosomes may beloaded with exogenous protein and/or peptide
using atransfection reagent. Despite the small size of the exosomes, conventional

transfection agents may be used for transfection of exosomes with protein and/or peptide.
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Preferred transfection reagents for use in accordance with the present invention include
cationic liposomes.

In another embodiment, exosomes may also be loaded by transforming or
transfecting ahost cell with anucleic acid construct which expresses therapeutic protein or
peptide of interest, such that the therapeutic protein or peptide istaken up into the exosomes

asthe exosomes are produced from the cell.

Antibodies

Asdescribed herein, in apreferred embodiment, the protein and/or peptide to be
incorporated into the exosomes is an antibody or antibody fragment. The term "antibody"
asreferred to herein includes whole antibodies and any antigen binding fragment (i.e.,
"antigen-binding portion") or single chains thereof. An antibody refers to a glycoprotein
comprising a least two heavy (H) chains and two light (L) chains inter-connected by
disulfide bonds, or an antigen binding portion thereof. Each heavy chain is comprised of a
heavy chain variable region (abbreviated herein asV ) and aheavy chain constant region.
Each light chain is comprised of alight chain variable region (abbreviated herein asVv, ) and
alight chain constant region. The variable regions of the heavy and light chains contain a
binding domain that interacts with an antigen. The Vv, and vV, regions can be further
subdivided into regions of hypervariability, termed complementarity determining regions
(CDR), interspersed with regions that are more conserved, termed framework regions (FR).

The constant regions of the antibodies may mediate the binding of the
immunoglobulin to host tissues or factors, including various cells of the immune system
(e.g., effector cells) and the first component (Clq) of the classical complement system.

An antibody of use in the invention may be amonoclonal antibody or a polyclonal
antibody, and will preferably be amonoclonal antibody. An antibody of use in the invention
may be a chimeric antibody, a CDR-grafted antibody, a nanobody, a human or humanised
antibody or an antigen binding portion of any thereof. For the production of both
monoclonal and polyclonal antibodies, the experimental animal istypically anon-human
mammal such as agoat, rabbit, rat or mouse but may also be raised in other species such as
camelids.

Polyclonal antibodies may be produced by routine methods such asimmunisation of
a suitable animal, with the antigen of interest. Blood may be subsequently removed from

the animal and the 1gG fraction purified.
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Monoclonal antibodies (mAbs) of use in the invention can be produced by avariety
of techniques, including conventional monoclona antibody methodology e.g., the standard
somatic cell hybridization technique of Kohler and Milstein. The preferred animal system
for preparing hybridomas isthe murine system. Hybridoma production in the mouse isa
very well-established procedure and can be achieved using techniques well known in the art.

The term "antigen-binding portion" of an antibody refers to one or more fragments
of an antibody that retain the ability to specifically bind to an antigen. It has been shown
that the antigen-binding function of an antibody can be performed by fragments of afull-
length antibody. Examples of binding fragments encompassed within the term "antigen-
binding portion" of an antibody include aFab fragment, a F(ab")2 fragment, aFab' fragment,
aFd fragment, aFv fragment, adAb fragment and an isolated complementarity determining
region (CDR). Single chain antibodies such as scFv antibodies are also intended to be
encompassed within the term "antigen-binding portion” of an antibody. These antibody
fragments may be obtained using conventional techniques known to those of skill inthe art,
and the fragments may be screened for utility in the same manner asintact antibodies.

An antibody of use in the invention may be prepared, expressed, created or isolated
by recombinant means, such as (a) antibodies isolated from an animal (e.g., amouse) that is
transgenic or transchromosomal for the immunoglobulin genes of interest or a hybridoma
prepared therefrom, (b) antibodies isolated from a host cell transformed to express the
antibody of interest, e.g., from atransfectoma, (c) antibodies isolated from arecombinant,
combinatorial antibody library, and (d) antibodies prepared, expressed, created or isolated
by any other means that involve splicing of immunoglobulin gene sequences to other DNA
sequences.

An antibody of use in the invention may be a human antibody or a humanised
antibody. The term "human antibody", asused herein, isintended to include antibodies
having variable regions in which both the framework and CDR regions are derived from
human germline immunoglobulin sequences. Furthermore, if the antibody contains a
constant region, the constant region also is derived from human germline immunoglobulin
sequences. The human antibodies of use in the invention may include amino acid residues
not encoded by human germline immunoglobulin sequences (e.g., mutations introduced by
random or site-specific mutagenesis in vitro or by somatic mutation in vivo). However, the

term "human antibody", asused herein, isnot intended to include antibodies in which CDR
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sequences derived from the germline of another mammalian species, such as a mouse, have
been grafted onto human framework sequences.

Such ahuman antibody may be a human monoclona antibody. Such ahuman
monoclonal antibody may be produced by a hybridoma which includes aB cell obtained
from atransgenic nonhuman animal, e.g., atransgenic mouse, having agenome comprising
ahuman heavy chain transgene and alight chain transgene fused to an immortalized cell.

Human antibodies may be prepared by in vitro immunisation of human lymphocytes
followed by transformation of the lymphocytes with Epstein-Barr virus.

The term "human antibody derivatives' refers to any modified form of the human
antibody, e.g., a conjugate of the antibody and another agent or antibody.

The term "humanized antibody" isintended to refer to antibodies in which CDR
sequences derived from the germline of another mammalian species, such as a mouse, have
been grafted onto human framework sequences. Additional framework region modifications

may be made within the human framework sequences.

Targeting

The exosomes of the present invention may betargeted to a desired cell type or
tissue. Thistargeting isachieved by expressing on the surface of the exosome atargeting
moiety which binds to acell surface moiety expressed on the surface of the cell to be
targeted. Typicaly the targeting moiety is apeptide which isexpressed as afusion protein
with atransmembrane protein typically expressed on the surface of the exosome.

In more detail, the exosomes of the invention can be targeted to particular cell types
or tissues by expressing on their surface atargeting moiety such as a peptide. Suitable
peptides are those which bind to cell surface moieties such as receptors or their ligands
found on the cell surface of the cell to betargeted. Examples of suitable targeting moieties
are short peptides, scFv and complete proteins, so long asthe targeting moiety can be
expressed on the surface of the exosome and does not interfere with insertion of the
membrane protein into the exosome. Typically the targeting peptide is heterologous to the
transmembrane exosomal protein. Peptide targeting moieties may typically belessthan 100
amino acids in length, for example less than 50 amino acids in length, lessthan 30 amino
acids in length, to aminimum length of 10, 5 or 3 amino acids.

Targeting moieties can be selected to target particular tissue types such as muscle,

brain, liver, pancreas and lung for example, or to target a diseased tissue such as atumour.
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In aparticularly preferred embodiment of the present invention, the exosomes are targeted to
brain tissue.

Specific examples of targeting moieties include muscle specific peptide, discovered
by phage display, to target skeletal muscle, a29 amino acid fragment of Rabies virus
glycoprotein that binds to the acetylcholine receptor or afragment of neural growth factor
that targets its receptor to target neurons, the peptide transportan, and secretin peptide that
binds to the secretin receptor can be used to target biliary and pancreatic epithelia. Asan
alternative, immunoglobulins and their derivatives, including scFv antibody fragments can
also be expressed as afusion protein to target specific antigens, such as VEGFR for cancer
gene therapy. Asan alternative, natural ligands for receptors can be expressed asfusion
proteins to confer specificity, such asNGF which binds NGFR and confers neuron-specific
targeting.

The peptide targeting moiety is expressed on the surface of the exosome by
expressing it asafusion protein with an exosomal transmembrane protein. A number of
proteins are known to be associated with exosomes; that isthey are incorporated into the
exosome asit isformed. The preferred proteins for use in targeting the exosomes of the
present invention are those which are transmembrane proteins. Examples include but are
not limited to Lamp-1, Lamp-2, CD 13, CD86, Flotillin, Syntaxin-3, CD2, CD36, CDA40,
CD40L, CD41a, CD44, CD45, ICAM-1, Integrin alpha4, LiICAM, LFA-1, Mac-1 aphaand
beta, Vti-1A and B, CD3 epsilon and zeta, CD9, CD18, CD37, CD53, CD63, CD81, CD82,
CXCR4, FcR, GluR2/3, HLA-DM (MHC Il), immunoglobulins, MHC-I or MHC-11
components, TCR beta and tetraspanins. In particularly preferred embodiments of the
present invention, the exosomes loaded with biotherapeutic protein and/or peptide are
targeted using atransmembrane protein selected from Lamp-1, Lamp-2, CD 13, CD86,
Flotillin, Syntaxin-3. In aparticularly preferred embodiment the transmembrane protein is
Lamp-2. The sequence of Lamp-2 isset out in SEQ ID NO: 1.

The following section relates to general features of all polypeptides, and in particular
to variations, aterations, modifications or derivatisations of amino acid sequence. It will be
understood that such variations, alterations, modifications or derivatisations of polypeptides
as are described herein are subject to the requirement that the polypeptides retain any further
required activity or characteristic asmay be specified subsequent sections of this disclosure.

Variants of polypeptides may be defined by particular levels of amino acid identity

which are described in more detail in subsequent sections of this disclosure. Amino acid

10



10

15

20

25

30

WO 2013/084000 PCT/GB2012/053052

identity may be calculated using any suitable algorithm. For example the PILEUP and
BLAST agorithms can be used to calculate homology or line up sequences (such as
identifying equivalent or corresponding sequences (typically on their default settings), for
example as described in Altschul s. F. (1993) JMol Evol 36:290-300; Altschul, S, F et al
(1990) JMol Biol 215:403-10. Software for performing BLAST analysesis publicly
available through the National Center for Biotechnology Information
(http://lwww.ncbi.nim.nih.gov/). This algorithm involves first identifying high scoring
sequence pair (HSPs) by identifying short words of length W in the query sequence that
either match or satisfy some positive-valued threshold score T when aligned with aword of
the same length in a database sequence. T isreferred to asthe neighbourhood word score
threshold (Altschul et al, supra). Theseinitia neighbourhood word hits act as seeds for
initiating searches to find HSPs containing them. The word hits are extended in both
directions along each sequence for asfar asthe cumulative alignment score can be
increased. Extensions for the word hits in each direction are halted when: the cumulative
alignment score falls off by the quantity X from its maximum achieved value; the
cumulative score goes to zero or below, due to the accumulation of one or more negative-
scoring residue alignments; or the end of either sequence isreached. The BLAST algorithm
parameters W, T and X determine the sensitivity and speed of the alignment. The BLAST
program uses as defaults aword length (W) of 11, the BLOSUM®62 scoring matrix (see
Henikoff and Henikoff (1992) Proc. Natl. Acad. Sci. USA 89: 10915-10919) alignments (B)
of 50, expectation (E) of 10, M=5, N=4, and a comparison of both strands.

The BLAST algorithm performs a statistical analysis of the similarity between two
sequences, see e.g., Karlin and Altschul (1993) Proc. Natl. Acad. Sci. USA 90: 5873-5787.
One measure of similarity provided by the BLAST algorithm isthe smallest sum probability
(P(N)), which provides an indication of the probability by which a match between two
polynucleotide or amino acid sequences would occur by chance. For example, a sequenceis
considered similar to another sequence if the smallest sum probability in comparison of the
first sequence to the second sequenceisless than about 1, preferably less than about 0.1,
more preferably less than about 0.01, and most preferably less than about 0.001.
Alternatively, the UWGCG Package provides the BESTFIT program which can beused to
calculate homology (for example used on its default settings) (Devereux et al (1984) Nucleic
Acids Research 12, 387-395).

11
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It will be understood that variants of polypeptides also includes substitution variants.
Substitution variants preferably involve the replacement of one or more amino acids with
the same number of amino acids and making conservative amino acid substitutions. For
example, an amino acid may be substituted with an alternative amino acid having similar
properties, for example, another basic amino acid, another acidic amino acid, another neutral
amino acid, another charged amino acid, another hydrophilic amino acid, another
hydrophobic amino acid, another polar amino acid, another aromatic amino acid or another
aliphatic amino acid. Some properties of the 20 main amino acids which can be used to

select suitable substituents are as follows:

Ala aliphatic, hydrophobic, neutral [Met hydrophobic, neutral

Cys polar, hydrophobic, neutral Asn polar, hydrophilic, neutral

Asp polar, hydrophilic, charged (-) [Pro hydrophobic, neutral

Glu polar, hydrophilic, charged (-) |Gln polar, hydrophilic, neutral

Phe aromatic, hydrophobic, neutral |Arg polar, hydrophilic, charged (+)

Gly aliphatic, neutral Ser polar, hydrophilic, neutral
aromatic, polar, hydrophilic, .

His Thr polar, hydrophilic, neutral
charged (+)

e aliphatic, hydrophobic, neutral [Val aliphatic, hydrophobic, neutral

Lys polar, hydrophilic, charged(+) [Trp aromatic, hydrophobic, neutral

Leu aliphatic, hydrophobic, neutral [Tyr aromatic, polar, hydrophobic

The amino acid sequence of polypeptides for use in the invention may be modified to
include non-naturally occurring chemistries or to increase the stability and targeting
specificity of the compound. When the polypeptides are produced by synthetic means, such
amino acids may be introduced during production. The polypeptides may also be modified
following either synthetic or recombinant production.

A number of side chain modifications are known in the art and may be made to the
side chains of the polypeptides, subject to the polypeptides retaining any further required

activity or characteristic asmay be specified herein.
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Variant polypeptides as described in this section are those for which the amino acid
sequence varies from that in SEQ ID NO: 1, but which retain the ability to be inserted into
the membrane of an exosome.

The variant sequences typically differ by at least 1, 2, 3, 5, 10, 20, 30, 50, 100 or
more mutations (which may be substitutions, deletions or insertions of amino acids). For
example, from 1to 100, 2 to 50, 3to 30 or 5to 20 amino acid substitutions, deletions or
insertions may be made, provided the modified polypeptide isinserted into the membrane of
an exosome.

Typically, polypeptides which are variants of Lamp-2 have more than about 50%,
55% or 65% identity, preferably at least 70%, at least 80%, at least 90% and particularly
preferably at least 95%, at least 97% or a least 99% identity, with the amino acid sequence
of SEQ ID NO: 1. Theidentity of variants of SEQ ID NO: 1 may be measured over aregion
of at least 30, 50, 100, 200, 250, 300, 350 or more contiguous amino acids of the sequence
shown in SEQ ID NO: 1, or more preferably over the full length of SEQ ID NO: 1,
excluding the signal sequence.

The fragment of the Lamp-2 polypeptide used in the targeting of exosomes of the
invention istypically at least 55 amino acids, 100, 150, 200, or 250 amino acids in length.

The exosomal transmembrane protein ismodified to incorporate atargeting moiety.
Thus the exosomal transmembrane protein isexpressed asafusion protein comprising the
targeting moiety. The targeting moiety isincorporated into the transmembrane protein such
that it is positioned in the portion of the transmembrane protein present on the surface of the
exosomes. In apreferred aspect of the present invention, the exosomal transmembrane
protein isLamp-2 and the targeting moiety isexpressed as afusion protein, wherein the
targeting moiety ispresent near the N-terminus of Lamp-2 protein for example within 30, or
within 20 amino acids of the Lamp-2 N terminal amino acid, not including the signal
sequence.

Spacer or linker sequences may be provided between the targeting moiety and the
remainder of the transmembrane protein for example to avoid interference from the targeting
moiety inthe folding of the transmembrane protein.

Linker or spacer sequences are typically 1to 10 amino acids in length, typically 1to
8 amino acids in length such as2, 3 or 4 amino acids in length. Suitable amino acids for
incorporation in linkers are alanine, arginine, serine or glycine. Suitable linkers include Ala-
Arg and Ser-Gly-Gly.
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In aparticularly preferred aspect of the present invention, the transmembrane protein
isLamp-2 and the targeting moiety ispresent a or near the N-terminus of the protein,
separated from Lamp-2 with linker sequences.

The targeting moiety may be introduced into the exosome by expressing the fusion
protein comprising the targeting moiety and exosomal transmembrane protein within acell
used to produce the exosomes. Expression of this fusion protein in the cell, alows for the
fusion protein to be incorporated into the exosome asit is produced from the cell.

For example, apolynucleotide construct such asaDNA plasmid, which expressed
the fusion protein istransfected into the cell. Any suitable method can beused for
introduction of the polynucleotide construct into the cell. The polynucleotide construct
includes suitable promoter sequences so that the encoded fusion protein is expressed in the
cell. Signal peptide sequences are also included so that the protein isincorporated into the
membrane of the endoplasmic reticulum asit is produced. The membrane protein isthen
subsequently exported to the exosomal/lysomal compartment before incorporation into the
exosome. The signal sequence istypically a signal peptide sequence for an exosomal
transmembrane protein. For example the signal peptide sequence is preferably derived from
Lamp-2.

Preferred cells for production of exosomes are discussed in more detail above.
Typically apreferred cell, such as an immature dendritic cellsistransfected with a
polynucleotide construct as described above, such that the fusion protein of the invention is
expressed inthe cell. Exosomes produced by the cell can then be collected. Such exosomes
have the fusion protein inserted into the membrane such that the exosomes are targeted to
the desired tissue or cell type through the targeting moiety.

Exosomes produced from cells can be collected from the culture medium by any
suitable method. Typically apreparation of exosomes can be prepared from cell culture or
tissue supernatant by centrifugation, filtration or combinations of these methods. For
example, exosomes can be prepared by differential centrifugation, that islow speed
(<20000g) centrifugation to pellet larger particles followed by high speed (>1000009)
centrifugation to pellet exosomes, size filtration with appropriate filters (for example,
0.22um filter), gradient ultracentrifugation (for example, with sucrose gradient) or a
combination of these methods.

In accordance with apreferred aspect of the present invention, the targeted exosomes

are loaded with exogenous protein and/or peptide. In particular, in accordance with the
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present invention, exosomes are prepared with atargeting moiety as described herein and
then loaded with the desired protein and/or for delivery or described above.

In other embodiments of the invention, a specific targeting moiety does not need to
be included in the exosome. For example, exosomes may be administered directly to the
site where therapy isrequired. Alternatively, direct targeting to a specific site may not be
required and delivery, for example, intradermal or muscular delivery may be sufficient to
generate the desired immune response without targeting exosomes to any specific cell type.

In some embodiments of the invention, no targeting moiety isincluded on the
surface of the exosomes. However, the exosomes are selected such that they are more likely
totarget a specific tissue type. For example, exosomes derived from different cells may
have natural affinities for specific cell subtypes asrequired by their physiological function
such asthe well-established affinity of mature dendritic cell-derived exosomes to T-cells.
This affinity may be utilized to specifically deliver above-mentioned cargo to atissue.

Delivery/Administration

The constructs of the invention may be administered by any suitable means.
Administration to ahuman or animal subject may be selected from parenteral,
intramuscular, intracerebral, intravascular (including intravenous), subcutaneous, intranasal,
intracardiac, intracerebroventricular, intraperitoneal or transdermal administration.
Typicaly the method of delivery isby injection. Preferably the injection isintramuscular or
intravascular (e.g. intravenous). A physician will be able to determine the required route of
administration for each particular patient.

The constructs are preferably delivered as acomposition. The composition may be
formulated for any suitable means of administration, including parenteral, intramuscular,
intracerebral, intravascular (including intravenous), intracardiac, intracerebroventricular,
intraperitoneal, subcutaneous, intranasal or transdermal administration. Compositions for
parenteral administration may include sterile agueous solutions which may also contain
buffers, diluents and other suitable additives. The constructs of the invention may be
formulated in a pharmaceutical composition, which may include pharmaceutically
acceptable carriers, thickeners, diluents, buffers, preservatives, and other pharmaceutically
acceptable carriers or excipients and the like in addition to the exosomes.

A "pharmaceutically acceptable carrier" (excipient) isapharmaceutically acceptable

solvent, suspending agent or any other pharmacologically inert vehicle for delivering one or
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more nucleic acids to a subject. Typical pharmaceutically acceptable carriers include, but
are not limited to, binding agents (e.g. pregelatinised maize starch, polyvinylpyrrolidone or
hydroxypropyl methylcellulose, etc); fillers (e.g. lactose and other sugars, microcrystalline
cellulose, pectin, gelatin, calcium sulfate, ethyl cellulose, polyacrylates or calcium hydrogen
phosphate, etc); lubricants (e.g. magnesium stearate, talc, silica, colloidal silicon dioxide,
stearic acid, metallic stearates, hydrogenated vegetable oils, corn starch, polyethylene
glycols, sodium benzoate, sodium acetate, etc); disintegrates (e.g. starch, sodium starch
glycolate, etc); or wetting agents (e.g. sodium lauryl sulphate, etc).

The compositions provided herein may additionally contain other adjunct
components conventionally found in pharmaceutical compositions. Thus, for example, the
compositions may contain additional compatible pharmaceutically-active materials or may
contain additional materials useful in physically formulating various dosage forms of the
composition of present invention, such as dyes, flavouring agents, preservatives,
antioxidants, opacifiers, thickening agents and stabilizers. However, such materials, when
added, should not unduly interfere with the biological activities of the components of the
compositions provided herein.

A therapeutically effective amount of composition isadministered. The dose may be
determined according to various parameters, especially according to the severity of the
condition, age, and weight of the patient to betreated; the route of administration; and the
required regimen. A physician will be able to determine the required route of administration
and dosage for any particular patient. Optimum dosages may vary depending on the relative
potency of individual constructs, and can generally be estimated based on EC50s found to
be effective in vitro and in in vivo animal models. In general, dosage is from 0.01 mg/kg to
100 mg per kg of body weight. A typical daily doseisfrom about 0.1to 50 mg per kg,
preferably from about 0.1 mg/kg to |IOmg/kg of body weight, according to the potency of the
specific construct, the age, weight and condition of the subject to be treated, the severity of
the disease and the frequency and route of administration. Different dosages of the
construct may be administered depending on whether administration isby intramuscular
injection or systemic (intravenous or subcutaneous) injection. Preferably, the dose of a
single intramuscular injection isin the range of about 5to 20 ug. Preferably, the dose of
single or multiple systemic injections isin the range of 10 to 100 mg/kg of body weight.

Due to construct clearance (and breakdown of any targeted molecule), the patient

may have to betreated repeatedly, for example once or more daily, weekly, monthly or
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yearly. Persons of ordinary skill inthe art can easily estimate repetition rates for dosing
based on measured residence times and concentrations of the construct in bodily fluids or
tissues. Following successful treatment, it may be desirable to have the patient undergo
maintenance therapy, wherein the construct isadministered in maintenance doses, ranging
from 0.01 mg/kg to 100 mg per kg of body weight, once or more daily, to once every 20

years.

The invention ishereinafter described in more detail with reference to the following

Examples.

EXAMPLES

Example 1— loading d HEK cellswith HEK exosomes loaded with IgG antibody

Human embryonic kidney cell (HEK) exosomes were mixed with phycoerythrin
(PE)-conjugated goat anti-rabbit 1gG antibody in electroporation buffer (1.15mM potassium
phosphate pH 7.2, 25mM KC1, 21% Optiprep) and either left unloaded (mixed with the
antibody but not electroporated) or electroporated at 200mV. The antibody-loaded
exosomes were then added to HEK cells and incubated for two hours, by fluorescence
measuring at 575 nm The HEK cells were then washed in phosphate-buffered saline (PBS)
and imaged. Figure 1 shows the cytoplasmic and nuclear localisation of the PE-antibody
signal when cells were treated with exosomes loaded a 200mV (B) as opposed to control

exosomes which were mixed with the antibody but not electroporated (A).

Example 2— loading d humanfibroblasts with HEK exosomes loaded with FITC-avidin

The transportan peptide GWTLNSAGYLLGKINLKALAAL AKKIL (SEQ ID NO:
2) encoded by the polynucleotide sequence
ggctggaccctgaacagcgegggctatctgetgggcaaaattaacctgaaagegetggeggegetggcga  aaaaaattctg
(SEQ ID NO: 3) was inserted into the Lamp2b-expression vector previously described in
International Publication No. WO/2010/1 19256.

The expression vector isbased on pEGFP-Cl vector (Clonetech) from which the
eGFP gene has been removed. Lamp2b was cloned with cDNA from C2C12 cells and Xhol
and BspEl restriction sites were inserted after the signal peptide sequence together with
glycine linkers (Ala-Arg-{ Targeting Peptide}-Ser-Gly-Gly). The signal peptide of Lamp2b
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isrequired for membrane insertion but is cleaved off in the mature protein. The full
construct was then cloned downstream of the CMV promoter with Nhel and BamHI
restriction sites into a pEGFP-Cl vector, removing the eGFP in the process.

The additional sequence added after the signal peptide containing the Xhol and
BspEl sites enabled insertion of the transportan-coding sequence at the N-terminal part of
Lamp2b.

The glycine linkers flanking the transportan targeting peptide prevent the transportan
targeting peptide from influencing the folding of the Lamp2b protein. Ultimately, the
transportan targeting peptide should belocated on the external surface of the exosomes,
hence conferring targeting capabilities to the exosomes.

The transportan targeting peptide of SEQ ID NO: 2 encoded by the polynucleoctide
sequence of SEQ ID NO: 3 was cloned into Lamp2b and transfected into dendritic cells4
days before exosome purification. A major hindrance to the ability to express targeting
ligands on the surface of exosomes isthat primary dendritic cells are difficult to transfect
and can potentialy differentiate after transfection. Infection with viral vectors is not ideal
either as dendritic cells are likely to be activated by the virus [30], hence producing
immunostimulatory molecules that will be incorporated into the resultant exosomes. Minis
Bio's TransIT-LTI reagent was selected asit appeared to efficiently transduce dendritic
cellswithout significantly activating dendritic cells. Transfection of HEK cellswas
performed with 5 ug of pLamp2b- transportan peptide expression vector and 5 pi of TranslT
LT1 transfection reagent (Minis Bio) in a6-well plate with 106 cells on day 4 after
harvesting and isolation of exosomes is done on Day 8.

Transportan-Lamp2 exosomes (5 pg) derived from HEK cells were mixed with 5pug
FITC-avidin and electroporated a 0 mV, 100 mV, 200 mV and 400 mV. A control
population of the exosomes was not treated with the FITC-avidin. Patient fibroblasts were
treated for 3 h with the different exosome populations, after which the cells were washed
three times with PBS and trypsinised to remove membrane-bound material. The fibroblast
cells were then lysed and fluorescence measured at 490/520 nm. Figure 2 shows that
fibroblasts incubated with the untreated exosomes had the lowest level of fluorescence.
Fibroblasts incubated with exosomes treated with FICT-avidin but and electroporated at O
mV, 200 mV and 400 mV emitted more fluorescence than the cells treated with the control

exosomes. However, cells incubated with exosomes treated with FITC-avidin and
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electroporated at 100 mV emitted the highest level of fluorescence, with an RFU of over
35,000.
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CLAIMS

1 A composition comprising an exosome, wherein the exosome isloaded with

exogenous protein and/or peptide.

2. A composition according to claim 1wherein the exosome is derived from

dendritic cells.

3. A composition according to claim lor 2, wherein the protein and/or peptide is

for use in amethod of treatment of the human or animal body by therapy.

4. A composition according to claim 3 wherein the protein and/or peptide isfor use
in the treatment and/or prevention of cancer, autoimmune conditions and/or organ or

cell transplant rejection.

5. A composition according to any one of the preceding claims, wherein said

exosome comprises atargeting moiety expressed on the surface of the exosome.

6. A composition according to claim 5wherein the targeting moiety comprises a

peptide which binds to amoiety present on the cell to be targeted.
7. A composition according to claim 6 wherein the exosome comprises an
exosomal transmembrane protein which has been modified to incorporate the peptide

targeting moiety.

8. A composition according to claim 7 wherein the exosomal transmembrane
protein is selected from Lamp-1, Lamp-2, CD13, CD86, Flotillin, Syntaxin-3.

9. A composition according to claim 8 wherein the exosomal transmembrane

protein isLamp-2b.
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10. A composition comprising an exosome containing protein and/or peptide,
wherein the exosome isderived from an immature dendritic cell, for use in amethod of

delivering the protein and/or peptide in vivo.

11. A composition according to any one of the preceding claims wherein the

exogenous protein and/or peptide isan antibody or fragment thereof.

12. A composition according to claim 11wherein the antibody or fragment thereof

isamonoclonal antibody or fragment thereof.

13. A method of loading exosomes with protein and/or peptide comprising
providing a composition of exosomes, and loading the exosomes with protein and/or

peptide by electroporation.

14. A method according to claim 13, wherein the electroporation iscarried out a a

voltage between 20v/cm to IOOv/cm.

15. A method according to claim 13, wherein the electroporation iscarried out a a

voltage of 200 mV.
16. A method of loading exosomes with protein and/or peptide comprising
providing a composition of exosomes and loading the exosomes with protein and/or

peptide by transfection, using a cationic liposome transfection agent.

17. A method according to any one of clams 13 to 16, wherein the protein and/or

peptide is an antibody or fragment thereof.

18. A method according to claim 17, wherein the antibody or fragment thereof isa

monoclonal antibody or fragment thereof.

19. A method according to any one of claims 13 to 18, wherein the exosomes are

derived from dendritic cells.
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Figure 1
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Figure 2
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