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Blood brain barrier shuttle

FIELD OF THE INVENTION

The present invention concerns the fields of molecular medicine and targeted delivery of
therapeutic or diagnostic agents. More specifically, the present invention relates to peptides that

target the cerebrospinal fluid (CSF) and the brain of an organism.
BACKGROUND

Brain penetration and/or CSF penetration of neurological disorder drugs such as e.g.
large biotherapeutic drugs or small molecule drugs having a low brain penetration, is strictly lim-
ited by the extensive and impermeable blood-brain barrier (BBB) or blood-CSF barrier BCSFB
(BCSFB) together with the other cell component of the neurovascular unit (NVU). Many strate-
gies to overcome this obstacle have been tested and one is to utilize transcytosis pathways medi-
ated by endogenous receptors expressed on the brain capillary endothelium. Recombinant pro-
teins such as monoclonal antibodies or peptides have been designed against these receptors to
enable receptor-mediated delivery of biotherapeutics and diagnostics to the brain. However,
strategies to maximize brain uptake while minimizing miss-sorting within the brain endothelial
cells (BECs), and the extent of accumulation within certain organelles (especially organelles that

leads to degradation of the biotherapeutic) in BECs, remain unexplored.

Monoclonal antibodies and other biotherapeutics have huge therapeutic potential for
treatment of pathology in the central nervous system (CNS). However, their route into the brain
is prevented by the BBB. Previous studies have illustrated that a very small percentage (approx-
imately 0.1%) of an IgG injected in the bloodstream are able to penetrate into the CNS compart-
ment (Felgenhauer, Klin. Wschr. 52: 1158-1164 (1974)). This will certainly limit any pharmaco-
logical effect due to the low concentration within CNS of the antibody. The cerebrospinal fluid
(CSF) is in direct contact with the neurons in the CNS.

Therefore, there is a need for delivery systems of neurological disorder drugs that target

the brain of an organism.
SUMMARY OF THE INVENTION

In a first aspect the present invention provides a blood brain barrier shuttle comprising a

brain effector entity and a brain targeting peptide comprising a three amino acid peptide motif
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selected from the group consisting of: Phe-Lys-Leu (FKL), Arg-Gly-Leu (RGL), Ser-Arg-Gly
(SRG), Tyr-Val-Leu (YVL), Trp-Gly-Phe (WGF), Val-Leu-His (VLH), Leu-Tyr-Val (LYV),
Leu-Trp-Gly (LWG), Leu-His-Ser (LHS), His-Ser-Arg (HSR), Gly-Leu-Trp (GLW), Gly-Phe-
Lys (GFK), Arg-Leu-Ser (RLS), Gly-Ser-Val (GSV), Ser-Val-Ser (SVS), Leu-Gly-Ser (LGS),
Val-Arg-Phe (VRF), Ser-Asn-Thr (SNT), Arg-Phe-Arg (RFR), Asn-Thr-Arg (NTR), Leu-Ser-
Asn (LSN), Gly-Phe-Val (GFV), Phe-Val-Arg (FVR), Phe-Arg-Leu (FRL), Trp-Arg-Val (WRYV),
Phe-Ser-Leu (FSL), Val-Phe-Ser (VES), Val-Ala-Trp (VAW), Ser-Leu-Phe (SLF), Arg-Val-Phe
(RVF), Leu-Phe-Trp (LFW), Lys-Val-Ala (KVA), Phe-Trp-Lys (FWK), Ala-Trp-Arg (AWR),
Val-His-Gly (VHG), Ser-Val-His (SVH), His-Gly-Val (HGV), Arg-Val-Cys (RVC), Arg-Pro-
GlIn (RPQ), GIn-Lys-Ile (QKI), Pro-Gln-Lys (PQK), Asn-Gly-Ala (NGA), Lys-Ile-Asn (KIN),
lle-Asn-Gly (ING), Gly-Arg-Pro (GRP), Gly-Ala-Arg (GAR), Ala-Arg-Val (ARV), Leu-Ser-Gly
(LSG), Val-Asp-Ser (VDS), Ser-Val-Asp (SVD).

In a particular embodiment of the blood brain barrier shuttle, the brain targeting peptide
comprising a three amino acid peptide motif comprises between 1 — 25 three amino acid peptide
motifs, in particular 1 — 15, more particular 1 — 10, even more particular 1 -5 three amino acid

peptide motifs.

In a particular embodiment of the blood brain barrier shuttle, the brain shuttle comprises
the brain effector entity, a linker and the brain targeting peptide comprising a three amino acid
peptide motif, wherein the linker couples the effector entity to the brain targeting peptide com-

prising a three amino acid peptide motif.

In a particular embodiment of the blood brain barrier shuttle, the brain targeting peptide
comprising a three amino acid peptide motif is selected from the group consisting of Seq. Id. No.
1 to 36, preferably Seq. Id. No. 1, 6 and 8.

In a particular embodiment of the blood brain barrier shuttle, the brain effector entity is se-
lected from the group consisting of neurological disorder drugs, neurotrophic factors, growth
factors, enzymes, cytotoxic agents, antibodies directed to a brain target, monoclonal antibodies

directed to a brain target, peptides directed to a brain target.

In a particular embodiment of the blood brain barrier shuttle, the brain target is selected
from the group consisting of B-secretase 1, AP, epidermal growth factor, epidermal growth factor
receptor 2, Tau, phosphorylated Tau, apolipoprotein E4, alpha synuclein, oligomeric fragments
of alpha synuclein, CD20, huntingtin, prion protein, leucine rich repeat kinase 2, parkin, prese-
nilin 2, gamma secretase, death receptor 6, amyloid precursor protein, p75 neurotrophin receptor

and caspase 6.
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In a particular embodiment of the blood brain barrier shuttle, the brain effector entity is se-

lected from the group consisting of proteins, polypeptides and peptides.

In a particular embodiment of the blood brain barrier shuttle, the brain effector entity com-

prises a full length antibody directed to a brain target, preferably a full length IgG.

In a particular embodiment of the blood brain barrier shuttle, the effector entity is a full
length antibody directed to AP.

In a particular embodiment of the blood brain barrier shuttle, the effector entity is a full

length antibody directed to phosphorylated Tau.

In a particular embodiment of the blood brain barrier shuttle, the effector entity is a full

length antibody directed to alpha synuclein.

In a second aspect, the present invention provides a pharmaceutical formulation compris-

ing the blood brain barrier shuttle of the present invention and a pharmaceutical carrier.

Furthermore, the present invention provides the use of the brain shuttle as a medicament, in
particular the use of the brain shuttle for the treatment of a neurodegenerative disorder, in partic-
ular Alzheimer’s disease and for the treatment of a neuroinflammatory disorder in particular

Multiple Sclerosis.

Aspects of the invention include a BBB shuttle comprising a brain targeting peptide that
is covalently coupled to the agent to be delivered. The agent may be a drug, a chemotherapeutic
agent, a radioisotope, a pro-apoptosis agent, an anti-angiogenic agent, a hormone, an enzyme, a
cytokine, a growth factor, a cytotoxic agent, a peptide, a protein, an antibiotic, an antibody, a Fab
fragment of an antibody, an smaller fragment of an antibody, an imaging agent, survival factor,
an anti-apoptotic agent, a hormone antagonist or an antigen. In a further aspect of the invention,
an anti-angiogenic agent may be selected from the group consisting of thrombospondin, angio-
statin 5, pigment epithelium-derived factor, angiotensin, laminin peptides, fibronectin peptides,
plasminogen activator inhibitors, tissue metalloproteinase inhibitors, interferons, interleukin 12,
platelet factor 4, IP-10, Gro-B, thrombospondin, 2-methoxyoestradiol, proliferin-related protein,
carboxiamidotriazole, CMI 01, Manmastat, pentosan polysuiphate, angiopoietin 2 (Regeneron),
interferon-alpha, herbimycin A, PNU 1451 56E, 16K prolactin fragment, Linomide, thalidomide,
pentoxifylhne, genistein, TNP-470, endostatin, paclitaxel, Docetaxel, polyamines, a proteasome
inhibitor, a kinase inhibitor, a signaling peptide, accutin, cidofovir, vincristine, bleomycin,
AGM-1470, platelet factor 4 and minocycline. In yet another aspect, a cytokine may be selected
from the group consisting of interleukin I (IL-I), IL-2, IL-5, IL-10, IL-I1, IL-12, IL-18, interfer-
on-y (IF-y), IF-a, IF-, tumor necrosis factor-ct (TNF-ct), or GM-CSF (granulocyte rnacrophage
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colony stimulating factor). In still further embodiments of the invention, the agent may be a virus,
a bacteriophage, a bacterium, a liposome, a microparticle, a magnetic bead, a yeast cell, a mam-
malian cell or a cell. In certain aspects, the virus is a lentivirus, a papovaviruses, a simian virus
40, a bovine papilloma virus, a polyoma virus, adenovirus, vaccinia virus, adeno-associated virus
(AAV), or herpes virus. The agent may also be a eukaryotic expression vector, and more prefer-

ably a gene therapy vector.

The brain targeting peptides of the invention may be attached to a solid support, € g, an
array or bead. Embodiments of the invention may also include an isolated peptidomimetic com-
prising a sequence that mimics a peptide motif selected from the group consisting Phe-Lys-Leu
(FKL), Arg-Gly-Leu (RGL), Ser-Arg-Gly (SRG), Tyr-Val-Leu (Y VL), Trp-Gly-Phe (WGF),
Val-Leu-His (VLH), Leu-Tyr-Val (LYV), Leu-Trp-Gly (LWG), Leu-His-Ser (LHS), His-Ser-
Arg (HSR), Gly-Leu-Trp (GLW), Gly-Phe-Lys (GFK), Arg-Leu-Ser (RLS), Gly-Ser-Val (GSV),
Ser-Val-Ser (SVS), Leu-Gly-Ser (LGS), Val-Arg-Phe (VRF), Ser-Asn-Thr (SNT), Arg-Phe-Arg
(RFR), Asn-Thr-Arg (NTR), Leu-Ser-Asn (LSN), Gly-Phe-Val (GFV), Phe-Val-Arg (FVR),
Phe-Arg-Leu (FRL), Trp-Arg-Val (WRYV), Phe-Ser-Leu (FSL), Val-Phe-Ser (VES), Val-Ala-Trp
(VAW), Ser-Leu-Phe (SLF), Arg-Val-Phe (RVF), Leu-Phe-Trp (LFW), Lys-Val-Ala (KVA),
Phe-Trp-Lys (FWK), Ala-Trp-Arg (AWR), Val-His-Gly (VHG), Ser-Val-His (SVH), His-Gly-
Val (HGV), Arg-Val-Cys (RVC), Arg-Pro-Gln (RPQ), GIn-Lys-Ile (QKI), Pro-Gln-Lys (PQK),
Asn-Gly-Ala (NGA), Lys-Ile-Asn (KIN), Ile-Asn-Gly (ING), Gly-Arg-Pro (GRP), Gly-Ala-Arg
(GAR), Ala-Arg-Val (ARV), Leu-Ser-Gly (LSG), Val-Asp-Ser (VDS), Ser-Val-Asp (SVD), or a
peptidomimetic comprising a sequence that mimics a peptide consisting of Seq. Id. No. 1 to Seq.
Id. No. 36, wherein the peptide is enriched in CSF and the brain.

Further embodiments include methods of targeting the delivery of an agent to CSF and
brain, or vasculature thereof, in a subject, by obtaining an inventive brain targeting peptide as
described herein or according to the inventive methods described herein, operatively coupling
the peptide to the agent, and administering the peptide-coupled agent to the subject. A subject
may be, but is not limited to, a primate, a monkey, a human, a mouse, a dog, a cat, a rat, a sheep,
a horse, a cow, a goat or a pig. The agent can be a drug, a chemotherapeutic agent, a radioisotope,
a pro-apoptosis agent, an anti-angiogenic agent, an enzyme, a hormone, a cytokine, a growth fac-
tor, a cytotoxic agent, a peptide, a protein, an antibiotic, an antibody, a Fab fragment of an anti-
body, an imaging agent, an antigen, a survival factor, an anti-apoptotic agent, a hormone antago-
nist, a virus, a bacteriophage, a bacterium, a hormone, a micro-particle, a magnetic bead, a mi-

cro-device, a yeast cell, a mammalian cell, a cell or an expression vector.

BRIEF DESCRIPTION OF THE DRAWINGS
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Fig 1 A: A schematic description of in vivo phage display screening and CSF sampling.
In every selection round, phages are intravenously administered (tail vein) and subsequently re-
covered from CSF and blood, amplified, pooled, and used for the next selection round. Increased
recovery of certain phage peptide clones in every subsequent round reflects the selection of pep-
tides preferentially targeting the CSF. Fig. 1B: Also, the kinetic of phages in blood and CSF is

illustrated based on plaque forming units (pfu) for the first round of selection.

Fig. 2 A — D: Selection in CSF and blood after intravenously administrated phage library.
For each selection round, all tripeptide motifs extracted from the CSF isolated phage which
were pooled and sequenced. The figures show the enrichment of certain peptide motifs in CSF
and blood. The selection is much stronger in the CSF compartment as compared to the blood

compartment.

Fig. 3: Shows the overall in vivo selection strategy over four rounds in rats. Start in two

branches that merge in the final fourth round of selection in three different animals.

Fig. 4: Specific phage clones in CSF and blood after four rounds of in vivo selection. The
figure shows the data for some of the enriched peptides on phage particles compared to the emp-
ty phage. Much more phage clones (based on plaque forming units (pfu) were found in CSF
compared to the empty phage.

Fig. 5: Specific phage clones bind to the vasculature in the brain. Specific phage clones
were intravenously administrated to allow targeting in vivo. Subsequently, immunohistochemis-
try was used to detect the phages specifically bound to the brain blood vessels and capillaries. No
staining was observed with the empty phage while especially clone Seq. Id. No. 1, Seq. Id. No. 6

and Seq. Id. No. 8 showed strong and specific staining at brain capillaries in the cortex.

Fig. 6A — C: B:Specific peptide linked to streptavidin (SA) enriched in CSF. One specific
peptide (Seq. Id. No. 8), synthesized and linked to SA through an N-terminal biotin is found at
higher concentration in CSF than a control scrambled peptide.A: This is also the case when the
peptide Seq. Id. No. 8 is displayed on the T7 phage. C: The figure also shows the staining at ca-
pillaries in the brain for Seq. Id. No. 8 phage clone colonializing with an brain vessel marker lec-

tin.

Fig. 7 A and B: Brain shuttle peptide with Seq. Id. No. 8 enhances brain BACE] peptide
inhibitory activity. A biotinylated BACEI inhibitory peptide alone (Fig. 7B) or in combination
with the likewise biotinylated brain shuttle peptide with Seq. Id. No. 8 (Fig. 7A) was pre-
attached to streptavidin and subsequently i.v. injected (10mg streptavidin/kg) in at least three
CM cannulated rats each. BACEI peptide inhibitor mediated AB40 reduction was measured by
an AB1-40 ELISA in blood (black triangles/circles) and CSF (grey triangles/circles) at the indi-
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cated time points. For better visibility, a dashed line at 100% was drawn in the graphs. (7A) The
percentage blood (black triangles) and CSF (grey triangles) AB40 reduction in rats injected with
streptavidin pre-attached to brain shuttle peptide with Seq. Id. No. 8 and the BACE1 inhibitor
peptide in a 3:1 ratio. (7B) The percentage blood (black circles) and CSF (grey circles) Ap40 re-
duction in rats injected with streptavidin pre-attached to only BACE] inhibitor peptides (tetram-
eric display).

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION
DEFINITIONS

The "blood-brain barrier” or "BBB" refers to the physiological barrier between the pe-
ripheral circulation and the brain and spinal cord which is formed by tight junctions within the
brain capillary endothelial plasma membranes, creating a tight barrier that restricts the transport
of molecules into the brain, even very small molecules such as urea (60 Daltons). The BBB with-
in the brain, the blood-spinal cord barrier within the spinal cord, and the blood-retinal barrier
within the retina are contiguous capillary barriers within the CNS, and are herein collectively
referred to an the blood-brain barrier or BBB. The BBB also encompasses the blood-CSF barrier
(choroid plexus) where the barrier is comprised of ependymal cells rather than capillary endothe-

lial cells.

The “brain effector entity” refers to a molecule that is to be transported to the brain
across the BBB. The effector entity typically has a characteristic therapeutic activity that is de-
sired to be delivered to the brain. Effector entities include neurologically disorder drugs and neu-
roactive and cytotoxic agents such as e.g. peptides, proteins, enzymes and antibodies, in particu-

lar monoclonal antibodies or fragments thereof directed to a brain target.

A “brain targeting peptide” as used herein comprises at least a three amino acid peptide
motif selected from the group consisting of Phe-Lys-Leu (FKL), Arg-Gly-Leu (RGL), Ser-Arg-
Gly (SRG), Tyr-Val-Leu (YVL), Trp-Gly-Phe (WGF), Val-Leu-His (VLH), Leu-Tyr-Val (LYV),
Leu-Trp-Gly (LWG), Leu-His-Ser (LHS), His-Ser-Arg (HSR), Gly-Leu-Trp (GLW), Gly-Phe-
Lys (GFK), Arg-Leu-Ser (RLS), Gly-Ser-Val (GSV), Ser-Val-Ser (SVS), Leu-Gly-Ser (LGS),
Val-Arg-Phe (VRF), Ser-Asn-Thr (SNT), Arg-Phe-Arg (RFR), Asn-Thr-Arg (NTR), Leu-Ser-
Asn (LSN), Gly-Phe-Val (GFV), Phe-Val-Arg (FVR), Phe-Arg-Leu (FRL), Trp-Arg-Val (WRYV),
Phe-Ser-Leu (FSL), Val-Phe-Ser (VES), Val-Ala-Trp (VAW), Ser-Leu-Phe (SLF), Arg-Val-Phe
(RVF), Leu-Phe-Trp (LFW), Lys-Val-Ala (KVA), Phe-Trp-Lys (FWK), Ala-Trp-Arg (AWR),
Val-His-Gly (VHG), Ser-Val-His (SVH), His-Gly-Val (HGV), Arg-Val-Cys (RVC), Arg-Pro-
GIln (RPQ), Gln-Lys-Ile (QKI), Pro-GIn-Lys (PQK), Asn-Gly-Ala (NGA), Lys-Ile-Asn (KIN),
lle-Asn-Gly (ING), Gly-Arg-Pro (GRP), Gly-Ala-Arg (GAR), Ala-Arg-Val (ARV), Leu-Ser-Gly
(LSG), Val-Asp-Ser (VDS), Ser-Val-Asp (SVD. It has to be understood that the three amino acid
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peptide motifs in a brain targeting peptide of the present invention can be sequential and/or over-
lapping. For example, in case of overlapping motifs, the second amino acid of a first three amino
acid motif can be the first amino acid of a second three amino acid motif and/or the third amino
acid of the first amino acid motif can be the first amino acid of a third amino acid motif in the

brain targeting peptide.

A "neurological disorder” as used herein refers to a disease or disorder which affects the
CNS and/or which has an etiology in the CNS. Exemplary CNS diseases or disorders include,
but are not limited to, neuropathy, amyloidosis, cancer, an ocular disease or disorder, viral or mi-
crobial infection, autoimmunity, inflammation, ischemia, neurodegenerative disease, seizure,
behavioral disorders, and a lysosomal storage disease. For the purposes of this application, the
CNS will be understood to include the eye, which is normally sequestered from the rest of the
body by the blood-retina barrier. Specific examples of neurological disorders include, but are not
limited to, neurodegenerative diseases (including, but not limited to, Lewy body disease, postpo-
liomyelitis syndrome, Shy-Draeger syndrome, olivopontocerebellar atrophy, Parkinson's disease,
multiple system atrophy, striatonigral degeneration, tauopathies (including, but not limited to,
Alzheimer disease and supranuclear palsy), prion diseases (including, but not limited to, bovine
spongiform encephalopathy, scrapie, Creutzfeldt- Jakob syndrome, kuru, Gerstmann-Straussler-
Scheinker disease, chronic wasting disease, and fatal familial insomnia), bulbar palsy, motor
neuron disease, and nervous system heterodegenerative disorders (including, but not limited to,
Canavan disease, Huntington's disease, neuronal ceroid- lipofuscinosis, Alexander's disease,
Tourette's syndrome, Menkes kinky hair syndrome, Cockayne syndrome, Halervorden-Spatz
syndrome, lafora disease, Rett syndrome, hepatolenticular degeneration, Lesch-Nyhan syndrome,
and Unverricht-Lundborg syndrome), dementia (including, but not limited to, Pick's disease, and
spinocerebellar ataxia), cancer (e.g. of the CNS and/or brain, including brain metastases resulting
from cancer elsewhere in the body), multiple sclerosis (relapsing remitting, primary progressive

and secondary progressive forms).

A "neurological disorder drug" is a drug or therapeutic agent that treats one or more neu-
rological disorder(s). Neurological disorder drugs of the invention include, but are not limited to,
small molecule compounds, antibodies, peptides, proteins, natural ligands of one or more CNS
target(s), modified versions of natural ligands of one or more CNS target(s), aptamers, inhibitory
nucleic acids (i.e., small inhibitory RNAs (siRNA) and short hairpin RNAs (shRNA)), ribo-
zymes, and small molecules, or active fragments of any of the foregoing. Exemplary neurologi-
cal disorder drugs of the invention are described herein and include, but are not limited to: anti-
bodies, aptamers, proteins, peptides, inhibitory nucleic acids and small molecules and active
fragments of any of the foregoing that either are themselves or specifically recognize and/or act
upon (i.e., inhibit, activate, or detect) a CNS antigen or target molecule such as, but not limited

to, amyloid precursor protein or portions thereof, amyloid beta, beta-secretase, gamma-secretase,
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tau, alpha-synuclein, parkin, huntingtin, DR6, presenilin, ApoE, glioma or other CNS cancer
markers, and neurotrophins. Non-limiting examples of neurological disorder drugs and the corre-
sponding disorders they may be used to treat: Brain-derived neurotrophic factor (BDNF), Chron-
ic brain injury (Neurogenesis), Fibroblast growth factor 2 (FGF-2), Anti-Epidermal Growth Fac-
tor Receptor Brain cancer, (EGFR)-antibody, Glial cell-line derived neural factor Parkinson's
disease, (GDNF), Brain-derived neurotrophic factor (BDNF) Amyotrophic lateral sclerosis, de-
pression, Lysosomal enzyme Lysosomal storage disorders of the brain, Ciliary neurotrophic fac-
tor (CNTF) Amyotrophic lateral sclerosis, Neuregulin-1 Schizophrenia, Anti-HER2 antibody

(e.g. trastuzumab) Brain metastasis from HER2 —positive cancer.

An "imaging agent" is a compound that has one or more properties that permit its pres-
ence and/or location to be detected directly or indirectly. Examples of such imaging agents in-
clude proteins and small molecule compounds incorporating a labeled entity that permits detec-

tion.

A "CNS antigen" or "brain target” is an antigen and/or molecule expressed in the CNS,
including the brain, which can be targeted with an antibody or small molecule. Examples of such
antigen and/or molecule include, without limitation: beta-secretase 1 (BACEIl), amyloid beta
(Abeta), epidermal growth factor receptor (EGFR), human epidermal growth factor receptor 2
(HER2), Tau, apolipoprotein E4 (ApoE4), alpha-synuclein, CD20, TREM2 huntingtin, prion
protein (PrP), leucine rich repeat kinase 2 (LRRK?2), parkin, presenilin 1, presenilin 2, gamma
secretase, death receptor 6 (DR6), amyloid precursor protein (APP), p75 neurotrophin receptor
(p75NTR), and caspase 6. In one embodiment, the antigen is BACEI .

The term "antibody" herein is used in the broadest sense and specifically covers mono-
clonal antibodies, polyclonal antibodies, multispecific antibodies {e.g. bispecific antibodies)
formed from at least two intact antibodies, and antibody fragments so long as they exhibit the

desired biological activity.

"Antibody fragments" herein comprise a portion of an intact antibody which retains the
ability to bind antigen. Examples of antibody fragments include Fab, Fab', F(ab'),, and Fv frag-
ments; diabodies; linear antibodies; single-chain antibody molecules such as e.g. single chain
Fab, scFv and multispecific antibodies formed from antibody fragments. The “Single chain Fab”
format is e.g. described in Hust M. et al. BMC Biotechnol. 2007 Mar §8;7:14.

The term "monoclonal antibody" as used herein refers to an antibody obtained from a
population of substantially homogeneous antibodies, i.e., the individual antibodies comprising
the population are identical and/or bind the same epitope, except for possible variants that may
arise during production of the monoclonal antibody, such variants generally being present in mi-

nor amounts. In contrast to polyclonal antibody preparations that typically include different anti-
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bodies directed against different determinants (epitopes), each monoclonal antibody is directed
against a single determinant on the antigen. In addition to their specificity, the monoclonal anti-
bodies are advantageous in that they are uncontaminated by other immunoglobulins. The modifi-
er "monoclonal” indicates the character of the antibody as being obtained from a substantially
homogeneous population of antibodies, and is not to be construed as requiring production of the
antibody by any particular method. For example, the monoclonal antibodies to be used in ac-
cordance with the present invention may be made by the hybridoma method first described by
Kohler et al., Nature, 256:495 (1975), or may be made by recombinant DNA methods (see, e.g.,
U.S. Patent No. 4,816,567). The "monoclonal antibodies" may also be isolated from phage anti-
body libraries using the techniques described in Clackson et al., Nature, 352:624-628 (1991) and
Marks et al., J. Mol. Biol., 222:581-597 (1991). Specific examples of monoclonal antibodies
herein include chimeric antibodies, humanized antibodies, and human antibodies, including anti-
gen-binding fragments thereof. The monoclonal antibodies herein specifically include "chimeric"
antibodies (immunoglobulins) in which a portion of the heavy and/or light chain is identical with
or homologous to corresponding sequences in antibodies derived from a particular species or be-
longing to a particular antibody class or subclass, while the remainder of the chain(s) is identical
with or homologous to corresponding sequences in antibodies derived from another species or
belonging to another antibody class or subclass, as well as fragments of such antibodies, so long
as they exhibit the desired biological activity (U.S. Patent No. 4,816,567; Morrison et al, Proc.
Natl. Acad. Sci. USA, 81 :6851-6855 (1984)). Chimeric antibodies of interest herein include
"primatized"” antibodies comprising variable domain antigen-binding sequences derived from a
non-human primate {e.g. Old World Monkey, such as baboon, rhesus or cynomolgus monkey)

and human constant region sequences (US Pat No. 5,693,780).

The term "cytotoxic agent" as used herein refers to a substance that inhibits or prevents a
cellular function and/or causes cell death or destruction. Cytotoxic agents include, but are not
limited to, radioactive isotopes (e.g., At211, 1131, 1125, Y90, Rel86, Rel88, Sm153, Bi212,
P32, Pb212 and radioactive isotopes of Lu); chemotherapeutic agents or drugs (e.g., methotrex-
ate, adriamicin, vinca alkaloids (vincristine, vinblastine, etoposide), doxorubicin, melphalan, mi-
tomycin C, chlorambucil, daunorubicin or other intercalating agents); growth inhibitory agents;
enzymes and fragments thereof such as nucleolytic enzymes; antibiotics; toxins such as small
molecule toxins or enzymatically active toxins of bacterial, fungal, plant or animal origin, in-

cluding fragments and/or variants thereof.

An "effective amount” of an agent, e.g., a pharmaceutical formulation, refers to an
amount effective, at dosages and for periods of time necessary, to achieve the desired therapeutic

or prophylactic result.
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A "linker" as used herein refers to a chemical linker or a peptide linker that covalently
connects the different entities of the blood brain barrier shuttle of the present invention. The
linker connects for example the brain effector entity to brain targeting peptide of the present in-

vention.

Peptide linkers, comprised of from one to twenty amino acids joined by peptide bonds,
can be used. In certain embodiments, the amino acids are selected from the twenty naturally-
occurring amino acids. In certain other embodiments, one or more of the amino acids are select-
ed from glycine, alanine, proline, asparagine, glutamine and lysine.In other embodiments, the
linker is a chemical linker. In certain embodiments, said linker is a single chain peptide with an
amino acid sequence with a length of at least 25 amino acids, preferably with a length of 32 to 50
amino acids. In one embodiment said linker is (GxS)n with G = glycine, S = serine, (x =3, n= 8§,
9orl10and m=0,1,20or3)or(x=4andn= 6,7 or § and m= 0, 1, 2 or 3), preferably with x =
4,n=6 or 7 and m= 0, 1, 2 or 3, more preferably with x = 4, n="7 and m= 2. In one embodiment
said linker is (G4S)4 (Seq. Id. No. 17). In one embodiment said linker is (G4S)sG; (Seq. Id. No.
13).

Conjugation may be performed using a variety of chemical linkers. For example, the
brain shuttle peptide and the brain effector entity may be conjugated using a variety of bifunc-
tional protein coupling agents such as N-succinimidyl-3-(2-pyridyldithio) propionate (SPDP),
succinimidyl-4-(N-maleimidomethyl) cyclohexane-l-carboxylate (SMCC), iminothiolane (IT),
bifunctional derivatives of imidoesters (such as dimethyl adipimidate HC1), active esters (such
as disuccinimidyl suberate), aldehydes (such as glutaraldehyde), bis-azido compounds (such as
bis (p-azidobenzoyl) hexanediamine), bis-diazonium derivatives (such as  bis-(p-
diazoniumbenzoyl)- ethylenediamine), diisocyanates (such as toluene 2,6-diisocyanate), and bis-
active fluorine compounds (such as 1,5-difluoro-2,4-dinitrobenzene). The linker may be a "cleav-
able linker" facilitating release of the effector entity upon delivery to the brain. For example, an
acid- labile linker, peptidase-sensitive linker, photolabile linker, dimethyl linker or disulfide-
containing linker (Chari et al, Cancer Res. 52: 127-131 (1992); U.S. Patent No. 5,208,020) may

be used.

Covalent conjugation can either be direct or via a linker. In certain embodiments, direct
conjugation is by construction of a protein fusion (i.e., by genetic fusion of the two genes encod-
ing the brain targeting peptide and effector entity and expressed as a single protein). In certain
embodiments, direct conjugation is by formation of a covalent bond between a reactive group on
one of the two portions of the brain shuttle peptide and a corresponding group or acceptor on the
brain effector entity. In certain embodiments, direct conjugation is by modification (i.e., genetic
modification) of one of the two molecules to be conjugated to include a reactive group (as non-

limiting examples, a sulthydryl group or a carboxyl group) that forms a covalent attachment to
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the other molecule to be conjugated under appropriate conditions. As one non-limiting example,
a molecule (i.e., an amino acid) with a desired reactive group (i.e., a cysteine residue) may be
introduced into, e.g., the brain shuttle peptide and a disulfide bond formed with the neurological
drug. Methods for covalent conjugation of nucleic acids to proteins are also known in the art (i.e.,
photocrosslinking, see, e.g., Zatsepin et al. Russ. Chem. Rev. 74: 77-95 (2005)) Conjugation
may also be performed using a variety of linkers. For example, a brain shuttle peptide and a ef-
fector entity may be conjugated using a variety of bifunctional protein coupling agents such as
N- succinimidyl-3-(2-pyridyldithio) propionate (SPDP), succinimidyl-4-(N-maleimidomethyl)
cyclohexane-l-carboxylate (SMCC), iminothiolane (IT), bifunctional derivatives of imidoesters
(such as dimethyl adipimidate HC1), active esters (such as disuccinimidyl suberate), aldehydes
(such as glutaraldehyde), bis-azido compounds (such as bis (p-azidobenzoyl) hexanediamine),
bis-diazonium derivatives (such as bis-(p-diazoniumbenzoyl)- ethylenediamine), diisocyanates
(such as toluene 2,6-diisocyanate), and bis-active fluorine compounds (such as 1,5-difluoro-2,4-
dinitrobenzene). Peptide linkers, comprised of from one to twenty amino acids joined by peptide
bonds, may also be used. In certain such embodiments, the amino acids are selected from the
twenty naturally-occurring amino acids. In certain other such embodiments, one or more of the
amino acids are selected from glycine, alanine, proline, asparagine, glutamine and lysine. The
linker may be a "cleavable linker" facilitating release of the effector entity upon delivery to the
brain. For example, an acid- labile linker, peptidase-sensitive linker, photolabile linker, dimethyl
linker or disulfide- containing linker (Chari et al, Cancer Res. 52: 127-131 (1992); U.S. Patent
No. 5,208,020) may be used.

The term "pharmaceutical formulation" refers to a preparation which is in such form as to
permit the biological activity of an active ingredient contained therein to be effective, and which
contains no additional components which are unacceptably toxic to a subject to which the formu-

lation would be administered.

A "pharmaceutically acceptable carrier” refers to an ingredient in a pharmaceutical for-
mulation, other than an active ingredient, which is nontoxic to a subject., A pharmaceutically

acceptable carrier includes, but is not limited to, a buffer, excipient, stabilizer, or preservative.

As used herein, "treatment" (and grammatical variations thereof such as "treat" or "treat-
ing") refers to clinical intervention in an attempt to alter the natural course of the individual be-
ing treated, and can be performed either for prophylaxis or during the course of clinical patholo-
gy. Desirable effects of treatment include, but are not limited to, preventing occurrence or recur-
rence of disease, alleviation of symptoms, diminishment of any direct or indirect pathological
consequences of the disease, preventing metastasis, decreasing the rate of disease progression,

amelioration or palliation of the disease state, and remission or improved prognosis. In some
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embodiments, antibodies of the invention are used to delay development of a disease or to slow

the progression of a disease.

The term "phage display library" refers to a plurality of phage in which a random heter-
ologous peptide has been engineered into a phage capsid protein and presented on the phage sur-
face. In certain aspects, the peptide may be constrained by cysteine residues of the peptide. The
methods may further comprise administering phage isolated from the second subject to at least a
third subject, obtaining samples of one or more tissues or fluid including CSF from the third sub-
ject, and identifying the peptide sequence displayed by phage isolated from the tissues or fluid
including CSF of the third subject. In certain aspects, the administration of phage is by injection,
preferably intravenous injection. The subject may be a mammal, and in particular aspects the
mammal is a rodents, non-human primates or humans. The methods may further compose ampli-
fying the phage isolated from the samples of one subject prior to administration to an additional
subject. Amplifying may entail PCR amplification of all or part of a phage nucleic acid followed
by cloning the amplified fragment into a second phage, and/or multiplication of phage through a

phage host organism, for example bacteria that support phage replication.

The term “in vivo cerebrospinal fluid (CSF) sampling” refers to specifically obtain CSF
samples in a subject. The subject may be a mammal, and in particular aspects the mammal is a
rodents, non-human primates or humans. The sample is obtained using a cannula inserted in the

cisterna magna as specifically describe in this application.

The term “simultaneously” may be used to mean that samples are obtained in a time in-
terval (minutes to hours to days) that accommodates the taking of samples from CSF. Other em-

bodiments of the invention include isolated peptides identified by the methods described herein.

The term “peptide motif” refers to a three amino acids peptide sequence with the ability
to target or bind a certain tissue or receptor or with the ability to be transported over the BBB or
BCSFB.

As used herein "selective binding" in no way precludes binding to other cells or material,
but means the preferential binding of a target tissue, organ, vasculature or receptor thereof. Se-
lective binding may include a 2, 3,4, 5, 6,7, 8, 9, 10 or more fold preference for a selected tis-

sue/target as compared to a non-selected tissue/target.

A "brain targeting peptide" as used herein is a peptide comprising at least one peptide
motif as defined herein which is characterized by selective localization to CSF and/or brain or
vasculature thereof. The brain targeting peptide can comprise more than one peptide motif and

the peptide motifs can be contiguous or be separated by non-motif amino acid sequences.
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Selective localization may be determined, for example, by methods disclosed below,
wherein the putative targeting peptide sequence is incorporated into a protein that is displayed on
the outer surface of a phage. Administration to a subject of a library of such phage that have been
genetically engineered to express a multitude of such targeting peptides of different amino acid
sequences is followed by collection of CSF or brain derived from one or more subjects and iden-
tification of phage found in or associated with that fluid or organ. A phage expressing a targeting
peptide sequence is considered to be selectively localized to a fluid or organ if it exhibits greater
binding or localization in that fluid or organ as compared to a control fluid or organ. Preferably,
selective localization of a targeting peptide should result in a two-fold or higher enrichment of
the phage or peptide in the target fluid or organ, compared to a control fluid or organ. Selective
localization resulting in at least a three-fold, four-fold, five-fold, six-fold, seven-fold, eight-fold,
nine-fold, ten-fold or higher enrichment in the target fluid or organ, as compared to a control or-
gan, is more preferred. Alternatively, a phage expressing a targeting peptide sequence that exhib-
its selective localization preferably shows an increased enrichment in the target fluid or organ as
compared to a control fluid or organ when phage recovered from the target or selected fluid or
organ are injected into or put in contact with a second, third, fourth or more subjects for addi-
tional screening. Another alternative means to determine selective localization or binding of the
phage expressing the putative target peptide preferably exhibit a two-fold, more preferably a
three-fold or higher enrichment in the target fluid or organ as compared to control phage that ex-
press a non-specific peptide or that have not been genetically engineered to express any putative
target peptides. Yet another means to determine selective localization is that localization to the
target fluid or organ of phage expressing the target peptide is at least partially blocked by the co-

administration of a synthetic peptide containing the target peptide sequence.
CEREBROSPINAL FLUID IN VIVO SELECTION

Vascular mapping by in vivo phage display reveals selectively expressed biochemical
"addresses"” within different vasculatures. This type of approach has been used to discover lig-
and-receptor systems that can be used for the delivery of agents to specific tissues (Arap et al,
1998, Pasqualini et al, 1996, Arap et al, 2002, Kolonin et al, 2001, Pasqualini et al, 2000). This
screening approach is based on the ability of short ligand peptides from combinatorial libraries
(displayed on an M13-based phage vector) to target a specific organ after systemic administra-
tion (Pasqualini et al, 2000). Peptides targeting tissues and disease states have been isolated and,
in some cases, led to the identification of the corresponding vascular receptors (Arap et al, 1998,
Pasqualini et al, 1996, Arap et al, 2002, Kolonin et al, 2001, Rajotte and Ruoslahti, 1999, Kolon-
in, et al, 2002, Kolonin et al, 2004). Notably, investigators have reported the use of a phage dis-
play library in a cancer patient. One of the ligand motifs identified as an interleukin-11-like pep-
tide and its targeting to the interleukin-11 receptor is being exploited as a potential strategy for

targeted therapeutic delivery in human prostate cancer (Zurita et al, 2004). A key step of the se-
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lection of phage display random peptide libraries in vivo is the sampling strategy, thus how and
where the phages are recovered. Preferably, the in vivo selection strategy should be based on not
only binding to a tissue or a receptor but also included a functional step as transport over a cellu-
lar barrier for example. This is particular important when the aim is to identify novel transport
systems involving the blood brain barrier (BBB) or the blood CSF barrier (BCSFB).

In certain instances one may desire to obtain highly enriched samples which is not only
dependent on binding but also on transport over a cellular membrane. In these situations typical
screening procedures are not optimal, thus the procedures described herein provide a more effi-
cient method of identifying targeting peptides with characteristics amenable to development into
drugs, targeting, or diagnostic agents. The methodology described herein is used to further enrich
the selected phage population and to select various peptides based on both binding and transport
properties. A single screen in a single live subject selects a subpopulation of peptides, but this
population needs to be enriched for selective and transport peptides. The inventor provides an
improved methodology to acquire an enrichment of targeting peptides that may be utilized in, for
example, human subjects. A "subject"” refers generally to a mammal. In certain preferred embod-
iments, the subject is a rodent, a primate, a monkey, or a human. In more preferred embodiments,

the subject is a human.
IDENTIFICATION OF TARGETING PEPTIDES

The invention comprises methods for the identification of one or more brain targeting
peptides or molecular targets that could be utilized for the localization of a composition to CSF,
brain or associated vasculature. Screening of the fluid and organs of a subject for peptides with N
residues, wherein N can be 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15 or more residues, random phage
library that yield several peptide motifs. In one example, various clones comprising tri-peptide
motifs Phe-Lys-Leu (FKL), Arg-Gly-Leu (RGL), Ser-Arg-Gly (SRG), Tyr-Val-Leu (YVL), Trp-
Gly-Phe (WGF), Val-Leu-His (VLH), Leu-Tyr-Val (LYV), Leu-Trp-Gly (LWG), Leu-His-Ser
(LHS), His-Ser-Arg (HSR), Gly-Leu-Trp (GLW), Gly-Phe-Lys (GFK), Arg-Leu-Ser (RLS),
Gly-Ser-Val (GSV), Ser-Val-Ser (SVS), Leu-Gly-Ser (LGS), Val-Arg-Phe (VRF), Ser-Asn-Thr
(SNT), Arg-Phe-Arg (RFR), Asn-Thr-Arg (NTR), Leu-Ser-Asn (LSN), Gly-Phe-Val (GFV),
Phe-Val-Arg (FVR), Phe-Arg-Leu (FRL), Trp-Arg-Val (WRYV), Phe-Ser-Leu (FSL), Val-Phe-
Ser (VES), Val-Ala-Trp (VAW), Ser-Leu-Phe (SLF), Arg-Val-Phe (RVF), Leu-Phe-Trp (LFW),
Lys-Val-Ala (KVA), Phe-Trp-Lys (FWK), Ala-Trp-Arg (AWR), Val-His-Gly (VHG), Ser-Val-
His (SVH), His-Gly-Val (HGV), Arg-Val-Cys (RVC), Arg-Pro-Gln (RPQ), GlIn-Lys-Ile (QKI),
Pro-Gln-Lys (PQK), Asn-Gly-Ala (NGA), Lys-Ile-Asn (KIN), Ile-Asn-Gly (ING), Gly-Arg-Pro
(GRP), Gly-Ala-Arg (GAR), Ala-Arg-Val (ARV), Leu-Ser-Gly (LSG), Val-Asp-Ser (VDS), Ser-
Val-Asp (SVD) exhibited high frequency, selective targeting or binding and presence in CSF and

brain. Comparison of the selected peptide motifs with available sequences in on-line protein da-
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tabases suggests that a number of candidate proteins share homologous or similar sequences with
these peptides motifs. Mechanistic studies surrounding these motifs are being pursued to provide
a novel platform for the identification of peptides and targets for the targeting of CSF fluid and
brain, and associated vasculature as well as combinations of such. The findings will also have
important clinical implications in that newly identified motifs may serve as peptidomimetic drug
leads and can be optimized to direct delivery of various therapeutic moieties. One method in-

cludes injecting the phage libraries intravenously and recovers samples after a few minutes.

A "phage display library"” is a collection of phage that has been genetically engineered to
express a set of putative targeting peptides on their outer surface. In preferred embodiments,
DNA sequences encoding the putative targeting peptides are inserted in frame into a gene encod-
ing a phage capsid protein. In other preferred embodiments, the putative targeting peptide se-
quences are in part random mixtures of all twenty amino acids and in part non-random. In certain
preferred embodiments the putative targeting peptides of the phage display library exhibit one or
more cysteine residues at fixed or random locations within the targeting peptide sequence. Cyste-
ines may be used, for example, to create a cyclic peptide. Targeting peptides selectively binding
different organ, tissue or cell type can be isolated by "biopanning" (Pasqualini and Ruoslahti,
1996, Pasqualini, 1999) In brief, a library of phage containing putative targeting peptides is ad-
ministered to an animal, and samples of organs, tissues, fluid or cell types containing phage are
collected. In preferred embodiments utilizing lytic phage, the phage may be propagated in vitro
between rounds of biopanning in bacteria. The bacteria are lysed by the phage to secrete multiple
copies of the phage that display a particular insert. Phages that bind to a target molecule or were
transported into a specific fluid or tissue can be collected from the target fluid and organ, and
then amplified by growing them in host bacteria. If desired, the amplified phage can be adminis-
tered to a host and samples of fluid and organs, and then again collected. Multiple rounds of bi-
opanning can be performed until a population of selective binders and transporters is obtained.
The amino acid sequence of the peptides is determined by sequencing the DNA corresponding to
the targeting peptide insert in the phage genome. The identified targeting peptide can then be
produced as a synthetic peptide by standard protein chemistry techniques. This approach allows
circulating targeting peptides to be detected in an unbiased functional assay, without any precon-
ceived notions about the nature of their target. Once a candidate target is identified as the recep-
tor of a targeting peptide, it can be isolated, purified and cloned by using standard biochemical
methods. In certain embodiments, a subtraction protocol may be used to further reduce back-
ground phage binding. The purpose of subtraction is to remove phage from the library that bind
to tissues other than the tissue of interest. In alternative embodiments, the phage library may be
prescreened against a subject who does not possess the selected fluid, tissues or organs. The
phage display technique involves genetically manipulating bacteriophage so that small peptides

can be expressed on their surface (Smith and Scott, 1985 and 1993). The potential range of ap-
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plications for this technique is quite broad, and the past decade has seen considerable progress in
the construction of phage-displayed peptide libraries and in the development of screening meth-
ods in which the libraries are used to isolate peptide ligands. For example, the use of peptide li-
braries has made it possible to characterize interacting sites and receptor-ligand binding motifs
within many proteins, such as antibodies involved in inflammatory reactions or integrins that
mediate cellular adherence. This method has also been used to identify novel peptide ligands that
serve as leads to the development of peptidomimetic drugs or imaging agents (Arap et al, 1998a)
in addition to peptides, larger protein domains such as single-chain antibodies can also be dis-

played on the surface of phage particles (Arap et al, 1998a).
CHOICE OF PHAGE DISPLAY SYSTEM

Previous in vivo selection studies performed in mice preferentially employed libraries of
random peptides expressed as fusion proteins with the gene III capsule protein in the fUSES vec-
tor (Pasqualini and Ruoslahti, 1996). The preferred phage system used for identifying transporter
peptide is the T7 phage system. The T7 phage particle is very small (about 50 nm in diameter)
allow transporting through cells using natural organelle intracellular sorting. The M13 phage sys-
tem is significantly larger in size and may prevent cellular uptake and intracellular sorting.
Hence, prevent enrichment of target peptide in fluids and organs protected by cellular mem-
branes such the blood brain barrier (BBB) and the blood CSF barrier (BCSFB). The number and
diversity of individual clones present in a given library is a significant factor for the success of in
vivo selection. It is preferred to use primary libraries, which are less likely to have an over-
representation of defective phage clones. It is preferred to use primary libraries with a high di-
versity with equal proportion of all phage clones. The preparation of a library should be opti-
mized to between 10°-10° plaque forming units (pfu)/ml. In certain embodiments, a bulk amplifi-
cation strategy is applied between each round of selection. Phage libraries displaying linear, cy-
clic, or double cyclic peptides may be used within the scope of the present invention. However,
phage libraries displaying 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 or more residues are preferred. Cy-
clic libraries are also preferred. However, the production of the cognate synthetic peptides, alt-
hough possible, can be complex due to the multiple conformers with different disulfide bridge

arrangements.
TARGETED DELIVERY

Peptides that targets to vasculature have been coupled to cytotoxic drugs or proapoptotic

peptides to yield compounds that were more effective and less toxic than the parental compounds.

The present invention describes methods and compositions for the selective targeting of
CSF fluid and brain. A "receptor” for a targeting peptide includes but is not limited to any mole-

cule or macromolecular complex that binds directly or indirectly to a targeting peptide. Non-
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limiting examples of receptors include peptides, proteins, glycoproteins, lipoproteins, epitopes,
lipids, carbohydrates, multi-molecular structures, and a specific conformation of one or more
molecules. In preferred embodiments, a "receptor” is a naturally occurring molecule or complex
of molecules that is present on the surface of cells within a target tissue or organ. Preferably, a
"receptor” is a naturally occurring molecule or complex of molecules that is present on or in a
tissue, organ, blood stream or vasculature thereof. More preferably, a “receptor” is a transport
receptor that is internalized on a cell and transported to the opposite side of the cell using a
transcytosis mechanism. In certain embodiments, therapeutic agents may be attached to a target-
ing peptide or fusion protein for selective delivery to, for example, the CSF and the brain. Agents
or factors suitable for use may include any chemical compound or biologics that have a treatment
effect on a brain disease. Chemotherapeutic agents and methods of administration, dosages, etc.
are well known to those of skill in the art (see for example, the "Physicians’ Desk Reference",
Goodman & Oilman's "The Pharmacological Basis of Therapeutics" and in "Remington's Phar-
maceutical Sciences" 15th ed, pp 1035-1038 and 1570-1580, each incorporated herein by refer-
ence in relevant parts), and may be combined with the invention in light of the disclosures herein.
Some variation in dosage will necessarily occur depending on the condition of the subject being
treated. The person responsible for administration will, in any event, determine the appropriate

dose for the individual subject.
PHARMACEUTICAL COMPOSITIONS.

Where clinical applications are contemplated, it may be necessary to prepare pharmaceu-
tical compositions-expression vectors, virus stocks, proteins, antibodies and drugs-in a form ap-
propriate for the intended application. Generally, this will entail preparing compositions that are
essentially free of impurities that could be harmful to humans or animals. One generally will de-
sire to employ appropriate salts and buffers to render delivery vectors stable and allow for uptake
by target cells. Buffers also are employed when recombinant cells are introduced into a patient.
Aqueous compositions of the present invention may comprise an effective amount of a protein,
peptide, antibody, fusion protein, recombinant phage and/or expression vector, dissolved or dis-
persed in a pharmaceutically acceptable carrier or aqueous medium. The phrase "pharmaceutical-
ly or pharmacologically acceptable” refers to molecular entities and compositions that do not
produce adverse, allergic, or other untoward reactions when administered to an animal or a hu-
man. As used herein, “pharmaceutically acceptable carrier” includes any and all solvents, disper-
sion media, coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents
and the like. The use of such media and agents for pharmaceutically active substances is well
known in the art. Except insofar as any conventional media or agent is incompatible with the
proteins or peptides of the present invention, its use in therapeutic compositions is contemplated.
Supplementary active ingredients also can be incorporated into the compositions The active

compositions of the present invention may include classic pharmaceutical preparations. Admin-
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istration of these compositions according to the present invention is via any common route so
long as the target fluid, tissue or organ is available via that route. This includes oral, nasal, buc-
cal, rectal, vaginal or topical. Alternatively, administration may be by orthotopic, intradermal,
subcutaneous, intramuscular, intrapentoneal, intraarterial or intravenous injection. Such compo-
sitions normally would be administered as pharmaceutically acceptable compositions, described
supra. The pharmaceutical forms suitable for injectable use include sterile aqueous solutions or
dispersions and sterile powders for the extemporaneous preparation of sterile injectable solutions
or dispersions. In all cases the form must be sterile and must be fluid to the extent that easy sy-
ringability exists. It must be stable under the conditions of manufacture and storage and must be
preserved against the contaminating action of microorganisms, such as bacteria and fungi. The
earner can be a solvent or dispersion medium containing, for example, water, ethanol, (for ex-
ample, glycerol, propylene glycol, and liquid polyethylene glycol, and the like), suitable mix-
tures thereof, and vegetable oils. The proper fluidity can be maintained, for example, by the use
of a coating, such as lecithin, by the maintenance of the required particle size in the case of dis-
persion and by the use of surfactants. The prevention of the action of micro-organisms can be
brought about by various anti-bacterial and antifungal agents, for example, paraberis, chiorobu-
tanol, phenol, sorbic acid, thimerosal, and the like. In many cases, it is preferable to include iso-
tonic agents, for example, sugars or sodium chloride. Prolonged absorption of the injectable
compositions can be brought about by the use in the compositions of agents delaying absorption,
for example, aluminum mono-stearate and gelatin. Sterile injectable solutions are prepared by
incorporating the active compounds in the required amount in the appropriate solvent with vari-
ous other ingredients enumerated above, as required, followed by filtered sterilization. Generally,
dispersions are prepared by incorporating the various sterilized active ingredients into a sterile
vehicle which contains the basic dispersion medium and the required other ingredients from
those enumerated above. In the case of sterile powders for the preparation of sterile injectable
solutions, the preferred methods of preparation are vacuum-drying and freeze-drying techniques
which yield a powder of the active ingredient plus any additional desired ingredient from a pre-

viously sterile-filtered solution thereof.
EXAMPLES

The following examples are included to demonstrate preferred embodiments of the inven-
tion. It should be appreciated by those of skill in the art that the techniques disclosed in the ex-
amples which follow represent techniques discovered by the inventors to function well in the
practice of the invention, and thus can be considered to constitute preferred modes for its prac-
tice. However, those of skill in the art should, in light of the present disclosure, appreciate that
many changes can be made in the specific embodiments which are disclosed and still obtain a

like or similar result without departing from the spirit and scope of the invention.
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Example 1: Surgical implantation of the cannula in the cisterna magna.

The cisterna magna (CM) was cannulated using modification of methods previously de-
scribed by Sarna et al. (1983) (Waring et al. 2010, 192 249-253)(Sarna et al. 1983, 383-388).
Anesthetized Wistar rats (200-350 g) were mounted onto a stereotaxic device and a median inci-
sion was made on the top of the shaved head all the way back to the inter-scapular region. Two
holes were drilled at the parietal region and mounting screws were secured in the holes. An addi-
tional hole was drilled at the external occipital crest and used to stereotactical guide the cannula
into the CM. Dental cement was applied around the cannula and the screws to hold it in place.
After the cement dried, the skin wound was sutured with a 4/0 supramid yarn. A spontaneous
flow of cerebro spinal fluid (CSF) occurs when the cannula is placed well. The rats were re-
moved from the stereotaxic apparatus, received appropriate post-operative analgesic treatment
and allowed to recover for at least one week until no sign of blood in the CSF was observed. All
animal procedures were fully approved by the institutional animal care authorities (Permission
#2474).

Example 2: Serial collection of CSF and blood from non-anesthetized adult rats.

The CM cannulated awake rats were gently held in the hand. The mandrain was pulled
out of the cannula and 10 pL of the spontaneous flowing CSF was collected. Only clear CSF
samples with no sign of blood contamination or discoloration were included in this study since
patency of the cannula was eventually compromised. In parallel 10-20 nuL blood from a small
incision of the tip of the tail was collected in heparin (Sigma-Aldrich) containing tubes. CSF and
blood was collected at different time points after intravenous injection of the bacteriophages.
Prior to collecting every CSF sample 10—15 pL of fluid was discarded, which represents the

catheter dead volume.

Example 3: T7 phaee peptide library engineering.

Library was constructed using the T7Select 10-3b vector as outlined in the T7Select Sys-
tem Manual (Novagen) (Rosenberg et al. InNovations 6, 1-6 1996). Briefly, random 12-mer in-
sert DNA was synthesized in the following format:

5’-GGGGATCCGAATTCT(NHH) ,TAAGCTTGCGGCCGCA-3" (Seq. Id. No. 37)
«—3"-TCGAACGCCGGCGT-5’ (Seq. Id. No. 38)

NHH codons were used to avoid two stop codons and an overrepresentation of amino ac-
ids within the insert. N stands for a hand-mixed equimolar ratio of each nucleotide and His a
hand-mixed equimolar of both adenine and cytosine nucleotides. The single-stranded regions

were converted to duplex DNA by continuing incubation at 37°C with dNTPs (Novagen) and



10

15

20

25

30

WO 2015/124540 PCT/EP2015/053244

220-

Klenow enzyme (New England Biolabs) in Klenow Buffer (New England Biolabs) for 3h. After
the reaction, double-stranded DNA was recovered by EtOH precipitation. The obtained DNA

was digested with EcoRI and HindIlI restriction enzymes (both from Roche). The digested and
purified (QIAquick, Qiagen) inserts were then ligated (T4 ligase, New England Biolabs) into the
predigested T7 vector in-frame after amino acid 348 of the capsid 10B gene. The ligation reac-
tion was incubated at 16°C for 18h and subsequently subjected to in vitro packaging. The in vitro
packaging into phages was performed according to the instructions attached to the T7Select 10-
3b cloning Kit (Novagen) and the packaging solution was amplified once using E.coli (BLT5615,

Novagen) until lysis. The lysate was centrifuged, tittered and frozen as glycerol stocks at -80°C.

Example 4: PCR phage identification.

Variable regions of broth or plate amplified phage were directly subject of PCR amplifi-
cation using in-house designed 454/Roche-amplicon fusion primers. The forward fusion primer
contains sequences flanking the variable region (NNK),, (template specific), the GS FLX Titani-
um adapter A and a four base library key sequence (TCAG):

5-CCATCTCATCCCTGCGTGTCTCCGACTCAGGGAGCTGTCGTATTCCAGTC-3"
(Seq. Id. No. 39)

The reverse fusion primer also carries a biotin for the attachment on a capture bead and

the GS FLX Titanium adapter B necessary for the clonal amplification during the emulsion PCR:

5°-Biotin-
CCTATCCCCTGTGTGCCTTGGCAGTCTCAGAACCCCTCAAGACCCGTTTA-3" (Seq. Id.
No. 40)

The amplicon was then subjected to 454/Roche pyrosequencing according to the 454 GS-
FLX Titanium protocol. For the manual Sanger sequencing (Applied Biosystems Hitachi 3730 x1
DNA Analyser) the T7 phage DNA was PCR amplified and sequenced with the following primer

pairs:
PCR Forward: 5"-AGTACGCAATGGGCCACG-3" (Seq. Id. No. 41)
PCR Reverse: 5-GAGCGCATATAGTTCCTCC-3" (Seq. Id. No. 42)
Sequencing Forward: 5°-CAGGAGCTGTCGTATTCC-3" (Seq. Id. No. 43)
Sequencing Reverse: 5 -AAAAACCCCTCAAGACCCG-3" (Seq. Id. No. 44)

The inserts of individual phage plaques were PCR amplified using the Roche Fast Start
DNA Polymerase Kit (according to the manufacturer’s instructions). A hot start (95°C for 10min)
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and 35 amplification cycles at 95°C for 50 sec, 50°C for 1 min and 72°C for 1min were per-

formed.

Example 5: Phage preparation, application and selection.

Phages from the library, wt phages, the CSF and blood recovered phages or individual
clones were amplified in Escherichia coli BL5615 in either broth medium (TB medium) (Sigma
Aldrich) or on 500cm?2 plates (Thermo Scientific) at 37°C for 4h. Phages were extracted from
plates by either rinsing the plates with Tris-EDTA buffer solution (Fluka Analytical) or picking
the plaques with a sterile pipette tip. Phages were recovered from either the culture supernatant
or the extraction buffer by one round of polyethylene glycol precipitation (PEG 8000) (Promega)
and resuspended in Tris-EDTA buffer solution.

The amplified phages underwent 2-3 rounds of endotoxin removal using endotoxin re-
moval beads (Miltenyi Biotec) before intravenous (i.v.) injection (500uL/animal). The phage
contents in the CSF and blood samples harvested at the indicated time-points were determined
by a plaque counting assay according to the manufacturer’s instructions (T7Select System Man-
ual). Phage selection was carried out by i.v. tail vein injection of the purified library or by re-
injection of the CSF recovered phages of the previous selection round. Subsequently, CSF and
blood samples were collected at 10min, 30min, 60min, 90min, 120min, 180min, and 240min af-
ter injection. A total of four rounds of in vivo panning were performed in which two selection
branches were kept and analyzed separately during the first three selection rounds. All CSF re-
covered phage inserts of the first two selection rounds were subjected to 454/Roche pyro-
sequencing whereas all CSF recovered clones of the last two selection rounds were manually se-
quenced. All blood harvested phages of the first selection round were also 454/Roche pyro-

sequenced.

Example 6: Filter and process read data

Roche-454 raw data is converted from binary standard flowgram format (sff,
http://www.ncbi.nlm.nih.gov/Traces/trace.cgi?cmd=show&f=formats&m=doc&s=format#sff) to
human readable Pearson format (fasta,
http://emboss.sourceforge.net/docs/themes/SequenceFormats.html) by using vendor software
(http://454.com/my454/documentation/gs-flx sys-
tem/emanuals/Part_C/wwhelp/wwhimpl/js/html/wwhelp.htm#href=PartC.1.087.htmI#9003035).

Further nucleotide sequence processing is performed with in-house developed C-programs and

scripts (unpublished software package) as described in the following.

The primary data analysis consists of stringent multi-step filtering procedures. In order to

filter away reads that do not contain valid 12mer insert DNA sequences, reads are successively


http://www.ncbi.nlm.nih.gov/Traces/trace.cgi?cmd=show&f=formats&m=doc&s=format%23sff
http://emboss.sourceforge.net/docs/themes/SequenceFormats.html
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aligned to the start tag defined as the nucleotide sequence GTGATGCTCGGGGATCCGAAT
TCT (Seq. Id. No. 45), stop tag TAAGCTTGCGGCCGCACTCGAGTA (Seq. 1d. No. 46), and
background insert CCTGC AGGGATATCCCGGGAGCTCGTCGAC (Seq. Id. No. 47) by per-
forming a global Needleman-Wunsch alignment allowing up to 2 mismatches per alignment
(Needleman et al, 1970). Accordingly, reads without start or stop tag and reads containing the
background insert, i.e. alignments that exceeded the allowed number of mismatches, are re-
moved from the library. As for the remaining reads, the N-mer DNA sequence stretches begin-
ning with the start tag and ending before the stop tag are cut out from the original read sequence
and processed further (in the following named “inserts”). Upon translation of the insert, the part
after the first stop codon from the 5-prime end is removed from the insert. In addition, nucleo-
tides leading to incomplete codons at the 3-prime end were also removed. In order to exclude
inserts containing only the background sequence, translated inserts beginning with the amino ac-
id pattern “PAG” are removed as well. Peptides of length shorter than 3 amino acids upon trans-
lation are discarded from the library. Finally, redundancies in the insert library are removed, and
the frequency of each unique insert is calculated. The result of this analysis consists of a list nu-

cleotide sequences (inserts) and its (read) frequencies.

Example 7: Grouping N-mer DNA inserts by sequence similarity:

In order to overcome Roche-454 specific sequencing errors (e.g2. problem of sequencing
homopolymer stretches) and remove less trivial redundancies (for example due to sequencing
errors), previously filtered N-mer insert DNA sequences (inserts) are categorized into groups of
similar inserts (where up to 2 mismatches are allowed) by an iterative algorithm defined as fol-
lows: Inserts are sorted primarily by their frequency (highest to smallest) and secondary, in case
of equal frequencies, by their length (longest to shortest). Consequently, the most frequent and
longest insert defines the first “group”, and the “group frequency” was set equal to the frequency
of the insert. Subsequently, every remaining insert in the sorted list is attempted to be added to
the group by pair-wise Needleman-Wunsch alignment. If the number of mismatches, insertions,
or deletions in the alignment does not exceed the threshold of 2, then the insert is added to the
group and the frequency of the insert is accordingly added to the total group frequency. Inserts
added to a group are flagged as used and excluded from further processing. If an insert sequence
cannot be added to an already existing group then the insert is used to create a new group with
the corresponding insert frequency and its flagged is set to “used” accordingly. The iteration fin-
ishes when every insert sequence was either utilized to form a new group or could be included
into an already existing group. After all, grouped inserts composed of nucleotides are translated
into peptide sequences (peptide library). The result of this analysis is a list of “grouped inserts”

and their corresponding frequencies which accounts for the number of sequenced reads per insert.

Example 8: Motif generation and normalization:
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On the basis of the list of unique peptides, a library containing all possible amino acid
patterns is generated as follows. Every possible amino acid pattern of length 3 (e.g. “ABC”) are
extracted from the peptides and together with its reverse pattern (e.g. “CBA”) added to a univer-
sal motif library containing all possible patterns. This highly redundant motif library is sorted
and redundancies are removed. Then, each motif in the library is iteratively tested whether it is
present in the peptide library. If this is the case, then the frequencies of the peptides where the
motif is found are added and assigned to the motif in the motif library. These frequencies are
called “motif counts”. The result of the motif generation is a two dimensional array containing
all occurring 3-amino acid patterns (motifs) and their corresponding motif counts which are a
measure for the number of sequencing reads that lead to the corresponding motif upon filtering,

grouping and translation of the read as described in detail above.
Finally, motif counts were normalized per sample using the following formula
2
V; = 10 ni/Zj n;

where n; is the number of reads that contain the motif i. Thus, v, denotes the frequency in
% of reads (or peptides) in a sample that contain motif i. P-values of un-normalized motif counts

were calculated with Fisher’s exact test.

Example 9: Tripeptide motif hits after 4 round of in vivo selection in rats using CSF

sampling:

The invention composes methods for the identification of one or more targeting peptides
or molecular targets that could be utilized for the localization of a composition to CSF, brain or
associated vasculature. Screening of the fluid and organs of a subject with X(N), wherein N can
be 7, 8,9, 10, 11, 12 or more residues, random phage library that yield several peptide motifs. In
one example, various clones (comprising tri-peptide motifs Phe-Lys-Leu (FKL), Arg-Gly-Leu
(RGL), Ser-Arg-Gly (SRG), Tyr-Val-Leu (YVL), Trp-Gly-Phe (WGF), Val-Leu-His (VLH),
Leu-Tyr-Val (LYV), Leu-Trp-Gly (LWG), Leu-His-Ser (LHS), His-Ser-Arg (HSR), Gly-Leu-
Trp (GLW), Gly-Phe-Lys (GFK), Arg-Leu-Ser (RLS), Gly-Ser-Val (GSV), Ser-Val-Ser (SVS),
Leu-Gly-Ser (LGS), Val-Arg-Phe (VRF), Ser-Asn-Thr (SNT), Arg-Phe-Arg (RFR), Asn-Thr-
Arg (NTR), Leu-Ser-Asn (LSN), Gly-Phe-Val (GFV), Phe-Val-Arg (FVR), Phe-Arg-Leu (FRL),
Trp-Arg-Val (WRYV), Phe-Ser-Leu (FSL), Val-Phe-Ser (VES), Val-Ala-Trp (VAW), Ser-Leu-
Phe (SLF), Arg-Val-Phe (RVF), Leu-Phe-Trp (LFW), Lys-Val-Ala (KVA), Phe-Trp-Lys (FWK),
Ala-Trp-Arg (AWR), Val-His-Gly (VHG), Ser-Val-His (SVH), His-Gly-Val (HGV), Arg-Val-
Cys (RVC), Arg-Pro-Gln (RPQ), Gln-Lys-Ile (QKI), Pro-Gln-Lys (PQK), Asn-Gly-Ala (NGA),
Lys-Ile-Asn (KIN), Ile-Asn-Gly (ING), Gly-Arg-Pro (GRP), Gly-Ala-Arg (GAR), Ala-Arg-Val
(ARV), Leu-Ser-Gly (LSG), Val-Asp-Ser (VDS), Ser-Val-Asp (SVD) exhibited high frequency,

selective binding and presence in CSF and brain.
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Example 10: Peptide hits after 4 rounds of in vivo selection in rats using CSF sampling

924 sequencing in total (including short reads, reads only found ones and sequencing

which gave no sequence). The frequency of each peptide is related to the 924 total sequencing

runs.
Sequence Reads Frequency AA length | Seq. Id. No.
(%)

LYVLHSRGLWGFKL 147 15.9 14 1
LGSVS 137 14.8 5 2
GFVRFRLSNTR 115 12.4 11 3
KVAWRVFSLFWK 57 6.1 12 4
SVHGV 40 6.1 5 5
GRPQKINGARVC 29 4.3 12 6
MRWFFSHASQGR 28 3.1 12 7
RLSSVDSDLSGC 26 3.0 12 8
IGTLTT 22 2.8 6 9
YNQSLLQGYRYW 21 23 12 10
RSTASTSYPFFF 17 22 12 11
ISNRSHKGLMVG 16 1.8 12 12
DAAESVLVGTVR 15 1.7 12 13
YAWGGGWVLQWF 12 1.6 12 14
YSMVFVGIKL 10 1.2 10 15
DVAKYVS 10 1.0 6 16
RRPAPLIMFRMI 9 1.0 12 17
DPQILMGVLRSIRGFGVKL | 9 0.9 19 18
SRYSIGGNNGVT 7 0.9 12 19
SGSGIGLDRWRYV 7 0.7 12 20
WGCNGTEWRGLLGIKL 6 0.7 16 21
HAMSC 5 0.6 5 22
STVVCFKGVPTG 5 0.5 12 23
TWLFSLG 4 0.5 7 24
LPGGSPGHILVC 4 0.4 12 25
GWIPYDGGNRAR 4 0.4 12 26
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Sequence Reads Frequency AA length | Seq. Id. No.
(%)
STMRYVGVTCL 3 0.4 11 27
GCASPASTSFHS 3 0.3 12 28
LRPRGAFQRRDFKL 3 0.3 14 29
ELVHA 3 0.3 5 30
FLIQWGAVLSRG 2 0.3 12 31
VRDWAYVYSTVL 2 0.2 12 32
TAVFSALSMLRG 2 0.2 12 33
AVES 2 0.2 4 34
RPRAQGAL 2 0.2 8 35
LWVSVPRARIIQ 2 0.2 12 36
Example 11:

In order to investigate a peptide-mediated pharmacological effect in CNS, we performed
an experiment where we mixed the brain shuttle peptide with Seq. Id. No. 8 with a BACEI pep-
tide inhibitor (both biotinylated) with Streptavidin (SA) in two different ratios. For one sample
we used only the BACE] peptide inhibitor and for the other sample we use a 1:3 ratio of the
BACEI] peptide inhibitor to brain shuttle peptide with Seq. Id. No. 8 generating a fraction of con-
jugated SA complexes with a mixture of most brain shuttle peptide with Seq. Id. No. 8 and a
single BACE]1 peptide inhibitor to promote brain delivery. The two samples were intravenously
injected and the level of amyloid-f peptide 40 (Abeta40) was determined in the blood and CSF.
As expected, both samples had a substantial reduction in Abeta40 levels in the blood. However,
only the sample with the mixture of the brain shuttle peptide with Seq. Id. No. 8§ with the BACE1
peptide inhibitor conjugated onto SA induced a clear Abeta40 reduction in CSF (see fig. 7A,
grey line). This data shows that the brain shuttle peptide with Seq. Id. No. 8 is able to transport a
large protein (SA) into the CNS and induce a pharmacological effect by the SA conjugated
BACEI] peptide inhibitor.

Method

Functionality of the streptavidin-peptide-BACE] inhibitor complex was assessed by
APB(1-40) ELISA according to the manufacturer protocol (Wako, 294-64701). Briefly, CSF sam-
ples were diluted in standard diluent (1:23) and incubated overnight at 4°C on 96-well plates
coated with capture antibody BNT77. After five wash steps, HRP-conjugated BA27 antibody
was added and incubated for 2 hours at 4°C, followed by five wash steps. AB(1-40) was detected
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by incubation in TMB solution for 30 minutes at room temperature. Absorbance was read out at
450nm after stopping color development with stop solution. Plasma samples underwent solid
phase extraction before AB(1-40) ELISA. Plasma was added to 0.2% DEA (Sigma) in 96-well
plate and incubated for 30 minutes at room temperature. After washing the SPE plate (Oasis,
186000679) with 100% methanol followed by water, plasma samples were added to the SPE
plate and any liquid got removed. The samples were washed (5% methanol followed by 30%
methanol) and eluted in 2% NH,OH/90% Methanol. After drying the eluates at 55°C for 99
minutes under constant N,-flow, the samples were reconstituted in standard diluent and AB(1-40)

measured as indicated above.
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CLAIMS

1. A blood brain barrier shuttle comprising a brain effector entity and a brain target-
ing peptide comprising a three amino acid peptide motif selected from the group consisting of:
Phe-Lys-Leu (FKL), Arg-Gly-Leu (RGL), Ser-Arg-Gly (SRG), Tyr-Val-Leu (YVL), Trp-Gly-
Phe (WGF), Val-Leu-His (VLH), Leu-Tyr-Val (LYV), Leu-Trp-Gly (LWG), Leu-His-Ser (LHS),
His-Ser-Arg (HSR), Gly-Leu-Trp (GLW), Gly-Phe-Lys (GFK), Arg-Leu-Ser (RLS), Gly-Ser-
Val (GSV), Ser-Val-Ser (SVS), Leu-Gly-Ser (LGS), Val-Arg-Phe (VRF), Ser-Asn-Thr (SNT),
Arg-Phe-Arg (RFR), Asn-Thr-Arg (NTR), Leu-Ser-Asn (LSN), Gly-Phe-Val (GFV), Phe-Val-
Arg (FVR), Phe-Arg-Leu (FRL), Trp-Arg-Val (WRV), Phe-Ser-Leu (FSL), Val-Phe-Ser (VFES),
Val-Ala-Trp (VAW), Ser-Leu-Phe (SLF), Arg-Val-Phe (RVF), Leu-Phe-Trp (LFW), Lys-Val-
Ala (KVA), Phe-Trp-Lys (FWK), Ala-Trp-Arg (AWR), Val-His-Gly (VHG), Ser-Val-His (SVH),
His-Gly-Val (HGV), Arg-Val-Cys (RVC), Arg-Pro-Gln (RPQ), Gln-Lys-Ile (QKI), Pro-Gln-Lys
(PQK), Asn-Gly-Ala (NGA), Lys-Ile-Asn (KIN), lle-Asn-Gly (ING), Gly-Arg-Pro (GRP), Gly-
Ala-Arg (GAR), Ala-Arg-Val (ARV), Leu-Ser-Gly (LSG), Val-Asp-Ser (VDS), Ser-Val-Asp
(SVD).

2. The blood brain barrier shuttle of claim 1, wherein the brain targeting peptide
comprising the three amino acid peptide motif comprises between 1 — 25 three amino acid pep-

tide motifs.

3. The blood brain barrier shuttle of claim lor 2 comprising the brain effector entity,
a linker and the brain targeting peptide comprising a three amino acid peptide motif, wherein the
linker couples the effector entity to the brain targeting peptide comprising a three amino acid

peptide motif.

4. The blood brain barrier shuttle of claims 1 to 3, wherein the brain targeting pep-
tide comprising a three amino acid peptide motif is selected from the group consisting of Seq. Id.
No. 1 to 36, preferably Seq. Id. No. 1, 6 and 8.

5. The blood brain barrier shuttle of claims 1 to 4, wherein the brain effector entity
is selected from the group consisting of neurological disorder drugs, neurotrophic factors, growth
factors, enzymes, cytotoxic agents, antibodies directed to a brain target, monoclonal antibodies

directed to a brain target, peptides directed to a brain target.

6. The blood brain barrier shuttle of claim 5, wherein the brain target is selected
from the group consisting of B-secretase 1, AP, epidermal growth factor, epidermal growth factor
receptor 2, Tau, phosphorylated Tau, apolipoprotein E4, alpha synuclein, oligomeric fragments
of alpha synuclein, CD20, huntingtin, prion protein, leucine rich repeat kinase 2, parkin, prese-
nilin 2, gamma secretase, death receptor 6, amyloid precursor protein, p75 neurotrophin receptor

and caspase 6.
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7. The blood brain barrier shuttle of claims 1 to 6, wherein the brain effector entity

is selected from the group consisting of proteins, polypeptides and peptides.

8. The blood brain barrier shuttle of claims 1 to 7, wherein the brain effector entity

comprises a full length antibody directed to a brain target, preferably a full length IgG.

9. The blood brain barrier shuttle of claim 8, wherein the effector entity is a full
length antibody directed to AP.

10. The blood brain barrier shuttle of claim 8, wherein the effector entity is a full

length antibody directed to phosphorylated Tau.

11. The blood brain barrier shuttle of claim 8, wherein the effector entity is a full

length antibody directed to alpha synuclein.

12. A pharmaceutical formulation comprising the blood brain barrier shuttle of claims

1 to 12 and a pharmaceutical carrier.

13. The blood brain barrier shuttle of claims 1 to 11 for use as medicament.

14. Use of the blood brain barrier shuttle of claims 1 to 11 in the manufacture of a
medicament.

15. The use of claim 14, wherein the medicament is for the treatment of a neuro-

degenerative disorder, preferably Alzheimer’s disease.

16. The blood brain barrier shuttle of claims 1 to 11 to transport the brain effector en-

tity across the blood brain barrier.

17. The invention as described herein before.



