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PEPTIDE FOR TRANSMIGRATION ACROSS
BLOOD BRAIN BARRIER AND DELIVERY
SYSTEMS COMPRISING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/291,334, filed on Dec. 30, 2009,
the entirety of which is incorporated by reference herein.

BACKGROUND
[0002] 1. Technical Field
[0003] The disclosure relates to a peptide, and more par-

ticularly to a peptide for transmigration across the blood brain
barrier and a delivery system comprising the same.

[0004] 2. Description of the Related Art

[0005] The blood brain barrier (BBB) is composed of brain
endothelial cells capable of blocking foreign substances, such
as toxins, to enter therethrough, due to tight junctions ther-
ebetween. However, hydrophobic or low-molecular-weight
molecules can pass through the BBB via passive diffusion.
[0006] Some active compounds, for example, hydrophilic
protein drugs for treating cerebral or nervous diseases, cannot
enter brain tissue via passive diffusion due to their large
molecular weight or hydrophilicity.

[0007] Accordingly, structural modification of drugs has
been developed to increase hydrophobicity of drugs, allowing
various active compounds to pass though the BBB. Other
methods for allowing hydrophilic or macromolecular drugs
to pass through the BBB includes, for example, absorption-
mediated transport (AMT) allowing positive-charged carriers
to pass through the BBB via charge absorption, carrier-me-
diated transcytosis (CMT) allowing hydrophilic metal ions
such as Na* and K™, di-peptides, tri-peptides or glucose to
pass through the BBB via transporters, and receptor-mediated
transcytosis (RMT) allowing macromolecules such as insu-
lin, transferrin, or low-density lipoprotein (LDL) to pass
through the BBB via transcytosis.

SUMMARY

[0008] One embodiment of the invention provides an iso-
lated peptide comprising an amino acid sequence of SEQ ID
NO: 1.

[0009] One embodiment of the invention provides a deliv-
ery system comprising a carrier having a surface, a drug or a
dye encapsulated in the carrier, and an isolated peptide com-
prising an amino acid sequence of SEQ ID NO: 1 grafted on
the surface of the carrier.

[0010] The disclosure provides a novel peptide ligand
(BP02, having an amino acid sequence of SEQ ID NO: 1
KYLAYPDSVHIW) capable of targeting and transmigration
across the blood brain barrier (BBB). The drug-encapsulated
carrier grafted with the disclosed peptide ligand prevents
drugs from being destroyed when attempting to enter the
brain.

[0011] A detailed description is given in the following
embodiments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Theinvention can be more fully understood by read-
ing the subsequent detailed description and examples with
references made to the accompanying drawing, wherein:

Jul. 7,2011

[0013] FIG. 1 is a functional assay of wild type and BP02
phages using a transwell system according to an embodiment
of the invention.

[0014] FIG. 2 is RBEA4 cell binding of wild-type and BP02
phages according to an embodiment of the invention.

[0015] FIG. 3 is transmigration of BP02 peptide-modified
FLU-encapsulated liposomes according to an embodiment of
the invention.

[0016] FIG. 4 is biodistribution of Cy3.5 encapsulated
BP02 liposomes according to an embodiment of the inven-
tion.

[0017] FIG. 5 is MPE % versus time (min) of PEGylated
liposomes (NL.563) and BP02 liposomes (NL563-BP02)
according to an embodiment of the invention.

[0018] FIG. 6 is AUC (the area under a curve) values of
PEGylated liposomes (NL563) and BPO02 liposomes
(NL563-BP02) according to an embodiment of the invention.
[0019] FIG. 7 is quantification of BP02 polymeric micelle
binding/uptake by RBE4 cells according to anembodiment of
the invention.

DETAILED DESCRIPTION

[0020] The following description is of the best-contem-
plated mode of carrying out the invention. This description is
made for the purpose of illustrating the general principles of
the invention and should not be taken in a limiting sense. The
scope of the invention is best determined by reference to the
appended claims.

[0021] In an embodiment, an isolated peptide comprising
an amino acid sequence of SEQ ID NO: 1 is provided.
[0022] The disclosed peptide may comprise an amino acid
sequence of KYLAYPDSVHIW (SEQ ID NO: 1) consisting
of 12 amino acid residues. The disclosed peptide specifically
binds to the blood brain barrier (BBB) in vitro and in vivo.
[0023] A functional equivalent of the disclosed peptide is a
peptide having an amino acid sequence at least 60% (e.g.,
85%, 90% or 95%) identical to that of the disclosed peptide
and possessing the same peptide activity as the disclosed
peptide.

[0024] The percent identity of the two amino acid
sequences is determined using the algorithm of Karlin and
Altschul Proc. Natl. Acad. Sci. USA 87:2264-68, 1990, as
modified in Karlin and Altschul Proc. Natl. Acad. Sci. USA
90:5873-77, 1993. Such an algorithm is incorporated in the
BLASTN and BLASTX programs (version 2.0) of Altschul,
etal.J Mol. Biol. 215:403-10, 1990. BLAST protein searches
can be performed with the BLASTX program, score=50,
wordlength=3 to obtain amino acid sequences homologous to
the protein molecule of the invention. Where gaps exist
between two sequences, Gapped BLAST can be utilized as
described in Altschul et al., Nucleic Acids Res. 25:3389-3402,
1997. When utilizing the BLAST and Gapped BLAST pro-
grams, the default parameters of the respective program (e.g.,
BLASTX and BLASTN) can be used.

[0025] The disclosed peptide may be prepared by a chemi-
cal synthesis method known in the art (Creighton, Proteins;
Structures and Molecular Principles, W. H. Freeman and Co.,
NY, 1983). Typical examples of such a peptide synthesis
method may include, but are not limited to, liquid-phase or
solid-phase synthesis, fragment condensation, and F-MOC or
T-BOC chemistry (Chemical Approaches to the Synthesis of
Peptides and Proteins, Williams et al., Eds., CRC Press, Boca
Raton Fla,, 1997; and A Practical Approach, Atherton &
Sheppard, Eds., IRL Press, Oxford, England, 1989).
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[0026] Further, the disclosed peptide may be prepared by a
genetic engineering technique. First, a DNA sequence encod-
ing the aforesaid peptide is constructed according to a con-
ventional method. The DNA sequence may be constructed by
PCR amplification using appropriate primers. Alternatively,
the DNA sequence may also be synthesized by a standard
apparatus known in the art, for example, an automated DNA
synthesizer (commercially available from Biosearch or
Applied Biosystems). Then, the constructed DNA sequence
is inserted into a vector comprising one or more expression
control sequences (for example, promoters, enhancers, etc.)
which are operatively linked to the DNA sequence. Note that
the expression control sequences regulate the expression of
the DNA sequence, and a host cell is then transformed with
the resulting recombinant expression vector. The resulting
transformants are cultured under a medium and culture con-
ditions suitable to induce the expression of the DNA
sequence. Then, a substantially pure peptide encoded by the
DNA sequence is recovered from the cell culture. The recov-
ery of peptide can be carried out by a conventional method
known in the art (for example, chromatography). As used
herein, the term “substantially pure peptide” means that the
peptide according to the invention is substantially free from
any other proteins derived from the host. The genetic engi-
neering method for synthesis of the peptide of the invention
can be found in the following literature: Maniatis et al.,
Molecular Cloning; A Laboratory Manual, Cold Spring Har-
bor Laboratory, 1982; Sambrook et al., Molecular Cloning:
A-Laboratory Manual, Cold Spring Harbor Press, N.Y., Sec-
ond (1998) and Third (2000) Edition; Gene Expression Tech-
nology, Methods in Enzymology, Genetics and Molecular
Biology, Methods, in Enzymology, Guthrie & Fink (eds.),
Academic Press, San Diego, Calif., 1991; and Hitzeman etal.,
J. Biol. Chem., 255:12073-12080, 1990.

[0027] Thedisclosurescreens a blood brain barrier-specific
peptide using a phage peptide display technique.

[0028] In an embodiment, a delivery system is provided.
The delivery system comprises a carrier having a surface, a
drug or a dye encapsulated in the carrier, and an isolated
peptide comprising an amino acid sequence of SEQ IDNO: 1
grafted on the surface of the carrier.

[0029] The carrier may comprise nanoparticle, polymeric
nanoparticle, solid liquid nanoparticle, polymeric micelle,
liposome, microemulsion or liquid-based nanoparticle. In an
embodiment, the liposome carrier is selected. The liposome
may comprise a first lipid, a second lipid or cholesterol. The
first lipid may be a phospholipid, for example, phosphatidyl
choline (PC), soy phosphatidyl choline (SPC), hydrogenated
soy phosphatidyl choline (HSPC) or phosphatidy] ethanola-
mine (PE). The second lipid may comprise dipalmitoyl phos-
phatidyl glycerol (DPPQG) or distearoylphosphatidylethano-
lamine-polyethyleneglycol (DSPE-PEG). In the liposome
composition, the first lipid has a mole percent of about 60-70,
the second lipid has a mole percent of about 1-10 and the
cholesterol has a mole percent of about 20-30, based on 100
mole percent of the carrier. In still another embodiment, the
polymeric micelle carrier is selected. Micelles are formed
when amphiphiles are placed in water. They consist of an
inner core of assembled hydrophobic segments capable of
solubilizing lipophilic substances and an outer hydrophilic
corona serving as a stabilizing interface between the hydro-
phobic core and the external aqueous environment. The use of
polymer-based micelles has gained much attention because
of the high diversity of polymers, their biocompatibility, bio-
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degradibility, and the multiplicity of functional groups they
display for the conjugation of pilot molecules. Like their
low-molecular-weight counterparts, amphiphilic polymers
associate in water to form polymeric micelles, consisting of a
hydrophobic core stabilized by a corona of hydrophilic poly-
meric chains exposed to the aqueous environment. Polymeric
micelles can be used as efficient carriers for compounds,
which alone exhibit poor solubility, undesired pharmacoki-
netics, and low stability in a physiological environment. The
hydrophilic shell contributes greatly to the pharmaceutical
behavior of polymeric formulations by maintaining the
micelles in a dispersed state, as well as by decreasing unde-
sirable drug interactions with cells and proteins through
steric-stabilization effects. The size of polymeric micelles
ranges from ~10 to ~100 nm, and usually the size distribution
is narrow. They can increase drug bioavailability and reten-
tion, since the drug is well protected from possible inactiva-
tion under the effect of their biological surroundings. Poly-
meric micelles have been studied extensively as delivery
medium for injectable drug formulations of poorly water-
soluble drugs such as paclitaxel, indomethacin, amphotericin
B, adriamycin, and dihydrotestosterone. Overall, they proved
to be highly effective drug delivery vehicles.

[0030] The drug may comprise synthetic drugs, peptide
drugs, protein drugs or nucleic acid drugs. The nucleic acid
drug may comprise plasmid DNA, antisense oligonucleotide
or RNAI.

[0031] The disclosed peptide may comprise an amino acid
sequence of KYLAYPDSVHIW (SEQ ID NO: 1) consisting
of 12 amino acid residues. The disclosed peptide specifically
binds to the blood brain barrier (BBB) in vitro and in vivo.
[0032] The isolated peptide has a mole percent of about
0.1-5, based on 100 mole percent of the carrier.

[0033] The invention provides a novel peptide ligand
(BP02, having an amino acid sequence of SEQ ID NO: 1
KYLAYPDSVHIW) capable of targeting and transmigration
across the blood brain barrier (BBB). The drug-encapsulated
carrier grafted with the disclosed peptide ligand prevents
drugs from being destroyed and increases drug accumulation
in brain.

Example 1

Establishment of an In Vitro Blood Brain Barrier
Model

[0034] An in vitro blood brain barrier model was con-
structed by co-culture of RBE4 cells and C6 cells respectively
on both sides of a collagen-treated semi-permeable mem-
brane (Transwell-COL membrane, pore size 0.4 um; Corning
Costar, USA) formed on the bottom of a Transwell-COL
insert inserted into each well of a 12-well plate to mimic
physiological blood brain barrier conditions. Each well was
divided into an apical compartment and a basal compartment
by the Transwell-COL insert. First, C6 cells (10° cells/filter)
were uniformly seeded on the back of the Transwell-COL
membrane and C6 cells were allowed to adhere to the bottom
side of the filter for one hour and then C6 cell culture medium
[Ham’ F10 supplemented with 15% horse serum, 2.5% fetal
bovine serum (FBS) and penicillin/streptomycin (100 U/ml
and 100 pg/ml, respectively)] was added to the inside (the
apical compartment of the well) and outside (the basal com-
partment of the well) of the Transwell-COL insert. After
cultivating for two days, the C6 cell culture medium was
removed. A co-culture medium (pH 7.2) (a a-MEM: Ham’
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F-10 (1:1) mixing culture medium containing 10% FBS, 1
ng/ml bFGF and peunicillin/streptomyein (100 U/ml and 100
pg/ml, respectively)) was then added to the basal compart-
ment of the well. Next, RBE4 cells (10° cells/filter) were
seeded on the inside side of the Transwell-COL membrane
(within the apical compartment of the well) and cultivated
with C6 cells in the 37° C. incubator (5% CO,) for 6 to 7 days.
The co-cultured medium was refreshed every two days.

Example 2

Estimation for Permeation of the In Vitro Blood
Brain Barrier Model

[0035] After co-culture of RBE4 cells and C6 cells for 6 to
7 days, one co-cultured insert was used to confirm the tight-
ness of the in vitro blood brain barrier model. First, the co-
cultured medium was removed from the insert. The co-cul-
tured insert was washed with HBSS buffer three times and
incubated for 30 min in HBSS buffer at 37° C. After removal
of the HBSS buffer, 1.5 ml of a fresh HBSS buffer was added
to the basal compartment of the well and 0.5 ml of FLU
solution (1 pg/ml in HBSS buffer) was then added to the
apical compartment of the well for transportation for four
hours at 37° C. Sample solution in each basal compartment
was collected and a FLU fluorescent analysis (»_ =460 nm,
Ao, =515 nm) (Intelligent Fluorescence Detector, FP2020,
JASCO) was performed. Finally, the FLU permeability coef-
ficient P (cm/min) was calculated using the following formula
to ensure an in vitro blood brain barrier model with tight cell
junction was formed (P<8x10* cm/min).

o 1
P=Tr*axe,

—— =the amount of FLU transported per minute (rg/min)

dt

A =the surface area of the filter (cm?)

Cy = the initial concentration (rng/ml)

Exaniple 3
BP02 Peptide Screening

[0036] A commercial Ph.D.-12™ phage-displayed peptide
library with a complexity of 2.7x10° was used for panning
against RBE4 cells and transmigration screening with the in
vitro BBB model. First, RBE4 cells were seeded in 6-well and
incubate at 37° C. until confluence. Confluent RBE4 cell
monolayer was washed with PBS buffer for three times and
blocked with a BSA solution (5 mg/ml in PBS buffer) at 37°
C. for 10 min. Phages from the library (1.5x10"* pfu) were
applied to the cells at 4° C. for two hours. The cells were
washed with 0.1% TBST buffer (50 mM Tris-HCI, pH 7.4,
150 mM NaCl, 0.1% v/v Tween-20) for six times and bound
phages were dislodged by the stripping washes (0.2M gly-
cine-HCl, Ph 2.2) at 4° C. The eluate had to been neutralized
immediately with 150 pl 1M Tris-HCI buffer (pH 9.0) (first
panning) Phage from the eluate was amplified and purified as
described elsewhere. Amplified phage from the first panning
(1.5x10'" pfun) was used for the second round of selection
(second panning, as described in the section of first panning
except the replacement of 0.1% TBST buffer with 0.3%
TBST buffer). Phage screening for transmigration across the
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in vitro BBB model was started with the amplified phages
from the second panning. The in vitro BBB model was con-
structed as described before. After the well was washed with
HBSS buffer and incubated for 30 min in HBSS buffer, ampli-
fied phages from the second panning (7.0x10'° pfu) were
applied to the apical compartment at 37° C. for four hours.
Sample solution in the basal compartment was collected and
transmigrated phages in the solution were amplified and puri-
fied (first transwell screening). The Second to third rounds of
transwell screening (7.0x10"° pfu) were started with ampli-
fied phages from the basal compartment of previous transwell
screening. Amplified phages from the third transwell screen-
ing were applied to RBE4 cells for another three continuous
pannings. The selected phages from the last panning were
amplified and sequenced. A novel peptide (BP02, having an
amino acid sequence of SEQ ID NO: 1) was identified.

Example 4
Transmigration Rate Assay of BP02 Phages

[0037] After co-culture of RBE4 cells and C6 cells for 6 to
7 days, a transmigration rate assay for BP02 phages was
performed. First, the co-cultured medium was removed from
the co-cultured transwell. Each well was then washed with
HBSS buffer three times and incubated for 30 min in HBSS
buffer at 37° C. After removal of the HBSS buffer, a fresh
HBSS buffer was added to the basal compartment of the well.
Wild type phages and BP02 phages (about 10" pfu/insert)
were respectively added to the apical compartment of the well
for transmigration for one hour at 37° C. 20 pl of a sample
solution in the basal compartment was then collected and
10-fold serial dilutions were prepared for phage titering to
calculate the transmigration rate of the phage. The results are
shown in FIG. 1. The transmigration rate of BP02 phage is
14.8 folds of control (wild type) phage.

Example 5

RBE4 Cell Binding Assay of BP02 Phages (by OPD
Chromophore Substrate Method

[0038] Collagen I was coated on a 96-well plate (37° C.,
one hour). RBE4 cells (10 cells/well) was then cultivated in
the collagen-coated 96-well plate. After two days, the cells
were washed with a PBS buffer twice to completely remove a
fetal bovine serum (FBS). Wild type phages and BP0O2 phages
were respectively added to the cells for interaction for one
hour at 37° C. After washing the cells with a PBS buffer for
three times, the cells were fixed (room temperature, 10 min-
utes) using 3% formaldehyde. After washing the cells with a
PBS buffer for four times, HRP-conjugated anti-M13 mAb
(1:1000) was added thereto for interaction for one hour at 37°
C. After washing the cells with a PBS buffer for four times, an
OPD chromophore solution was added thereto for reaction at
37° C. until brown color appears (about two hours). The OD
value of the resulting solution was measured at a wavelength
0f490 nm by an ELISA reader. The results are shown in FIG.
2. The results showed the binding of BP02 phages to RBE4
cells occurs in a dose-dependent manner. In addition, no or
slight reactivity was found with the control (wild type)
phages.

Example 6

RBE4 Cell Binding Assay of BP02 Phages (by Fluo-
rophore Tyramide Substrate Method

[0039] Collagen I was coated on coverslips in a 12-well
plate (37° C., one hour). RBE4 cells (1x10° cells/well) was
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then cultivated on the collagen-coated coverslips in a 12-well
plate. After one day, the cells were washed with a PBS buffer
twice to completely remove a fetal bovine serum (FBS). The
cells were then fixed (room temperature, 10 minutes) using
4% formaldehyde. After washing the cells with a PBS buffer
twice, 1% H,O, was added to the cells to quench the cell
culture to reduce endogenous activity (room temperature, 10
minutes). After washing the cells with a PBS buffer twice, 1%
BSA buffer was added to the cells to block the cells (room
temperature, 30 minutes). Wild type phages and BP0O2 phages
(10"2 pfu/well) were then respectively added to the cells for
interaction for one hour at room temperature. After washing
the cells with a PBS for three times, HRP-conjugated anti-
M13 mAb (1:5000) was added to the cells for interaction for
one hour at room temperature. After washing with a PBS
buffer for three times, a fluorophore tyramide working solu-
tion was added to the cells for reaction for 10 minutes at room
temperature. After washing with a PBS buffer for three times,
the cells were mounted and photographed by a fluorescent
microscope. The images showed that the binding affinity of
BP02 phages to RBE4 cells was very strong. The control
(wild type) phages could not bind to RBE4 cells.

Example 7
Preparation of Rhodamine-PE Labeled BP02 Lipo-
somes
[0040] (1) Preparation of Rhodamine-PE Labeled Lipo-
somes
[0041] 70 mol % of soy phosphatidyl choline (SPC), 30 mol

% of cholesterol, 2 mol % of distearoylphosphatidylethano-
lamine-polyethyleneglycol (DSPE-PEG2000), 1 mol % of
rhodamine-PE and 3 ml of chloroform were mixed in a round-
bottom flask. After removal of chloroform by a rotary evapo-
rator, a lipid thin-film product was formed in the flask. Next,
PBS buffer was added to hydrate the lipid thin-film and the
hydrate was dispersed by sonication. The dispersed product
was then sized by an extruder (respectively using 200 nm, 100
nm and 50 nm filters) at a temperature of 60° C. to form
rhodamine-PE labeled liposomes. The extrusion process was
performed 10 times for each filter. The particle size (PS)ofthe
liposomes was 10020 nm.

[0042] (2) Preparation of DSPE-PEG2000-BP02

[0043] 3.2 mg of cysteine-BP02 was dissolved in 10 mM
phosphate buffer (pH 6.5)to form a cysteine-BP02 solution (2
mM). 5.9 mg of distearoylphosphatidylethanolamine-poly-
ethyleneglycol maleimide (DSPE-PEG-maleimide) was dis-
solved in 10 mM phosphate buffer (pH 6.5) to form a DSPE-
PEG-maleimide solution (2 mM). The DSPE-PEG-
maleimide solution was slowly added to the cysteine-BP02
solution (molarratio=1:1)at4° C. and stirred for four hours to
prepare DSPE-PEG2000-BP02. The grafting yield thereof
was 61%, measured by 5,5'-dithiobis-(2-nitrobenzoic acid)
(DTNB, Ellman’s reagent).

[0044] (3) Preparation of Rhodamine-PE Labeled BPO2 or
PEGylated Liposomes

[0045] 3 mol % of the DSPE-PEG2000-BP02 solution and
3 mol % of the DSPE-PEG2000 solution were respectively
added to the liposome solution for post-insertion for one hour
under a 60° C. water bath. Rhodamine-PE labeled BP02
liposomes and Rhodamine-PE labeled PEGylated liposomes
were prepared.

Example 8

RBE4 Cell Binding Assay of Rhodamine-PE
Labeled BP02 Liposomes

[0046] Collagen I was coated on coverslips in a 12-well
plate (37° C., one hour). RBE4 cells (1x10° cells/well) was
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then cultivated on the collagen-coated coverslips in a 12-well
plate. After one day, the cells were washed with PBS buffer
twice and rhodamine-PE labeled BP02 liposomes and
rhodamine-PE labeled PEGylated liposomes (2 pg/ml
rhodamine-PE) were then respectively added to the cells for
interaction for two hours at 37° C. After washing the cells
with a PBS buffer for three times, the image was photo-
graphed by a fluorescent microscope.

[0047] In accordance with the fluorescent photographs,
RBE4 cells bound with the rhodamine-PE labeled BP02 lipo-
somes exhibited stronger fluorescence than RBE4 cells
bound with the rhodamine-PE labeled liposomes. That is, the
rhodamine-PE labeled BP02 liposomes generated a strong
binding capability with RBE4 cells and were rapidly endocy-
tosed by RBE4 cells through the BP02 ligand.

Example 9
Preparation of FLU-Encapsulated BP02 Liposomes

[0048] 70 mol % of SPC, 30 mol % of cholesterol and 3 ml
of chloroform were mixed in a round-bottom flask. After
removal of chloroform by a rotary evaporator, a lipid thin-film
product was formed in the flask. Next, 50 mM FLU solution
(in PBS buffer) was added to hydrate the lipid thin-film and
the hydrate was dispersed by sonication. The dispersed prod-
uct was then sized by an extruder (respectively using 200 nm,
100 nm and 50 nm filters) at a temperature of 60° C. to form
FLU-encapsulated liposomes. The extrusion process was pet-
formed 10 times for each filter. Free FL.U dyes were removed
and the FL.U-encapsulated liposomes were purified by a gel
filtration method. The particle size (PS) of the liposomes was
100+20 nm. Furthermore, 3 mol % of the DSPE-PEG2000-
BP02 solution and 3 mol % of the DSPE-PEG2000 solution
were respectively added to the liposome solution for post-
insertion for one hour under a 60° C. water bath. FL.U-encap-
sulated BPO2 liposomes and FLU-encapsulated PEGylated
liposomes were prepared and kept in dialysis bags
(MWCO=1000 Da) to remove residual dyes.

Example 10

Permeation Rate Assay of Flu-Encapsulated BP02
Liposomes

[0049] After co-culture of RBE4 cells and C6 cells for 6 to
7 days, a permeation rate assay for FLU-encapsulated BP02
liposomes was performed. First, the co-cultured medium was
removed from the co-cultured transwell. Each well was then
washed with HESS buffer three times and incubated for 30
min in HBSS buffer at 37° C. After removal of the HBSS
buffer, a fresh HESS buffer was added to the basal compart-
ment of the well. FLU-encapsulated BP02 liposomes and
FLU-encapsulated PEGylated liposomes (about 150 ng/ml)
were then respectively added to the apical compartment of the
well for transportation for one hour at 37° C. Respective
sample solutions in the basal compartment was then collected
and diluted 10 times with methanol. After destroying the
liposomes with methanol, a FLU fluorescent analysis
(A_=460 nm, A, =515 nm) (Intelligent Fluorescence Detec-
tor, FP2020, JASCO) was performed and the permeation rate
was calculated. The permeation rate of the FLU-encapsulated
BP02 liposomes was 3.3 folds compared to the FL.U-encap-
sulated PEGylated liposomes indicating that the BP02 ligand
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facilitated the liposomes transmigration across the blood
brain barrier, as shown in FIG. 3.

Example 11
Preparation of Cy5.5-Encapsulated BP02 Liposomes

[0050] 41.7 mg of SPC, 4.2 mg of hydrogenated soy phos-
phatidyl choline (HSPC), 4.1 mg of dipalmitoyl phosphatidyl
glycerol (DPPG), 2.1 mg of cholesterol, 7.8 mg of Brij 76
(surfactant), 15.4 mg of DSPE-PEG2000 and 5 mg of Cy5.5
dye were dissolved in 5 ml of ethanol under a 60° C. water
bath in a 25 ml reduced pressure concentrator to form a
mixing solution. After reduced pressure concentration of the
mixing solution, 5 ml of a sucrose solution (10%) was added
to the mixing solution to form a hydrate. The hydrate was then
dispersed by ultrasonic shaking at a temperature 0f4° C. After
filtering the hydrate (respectively using 0.45 pm and 0.2 pm
filters), Cy5.5-encapsulated PEGylated liposomes were pre-
pared (CYL003). Furthermore, the DSPE-PEG2000-BP02
(0.178 mg) solution was then added to CYL.003 for reaction
for one hour under a 60° C. water bath. Cy5.5-encapsulated
BP02 liposomes (BP02-3.6%) were prepared.

Example 12

Biodistribution Assay of Cy5.5-Encapsulated BP02
Liposomes

[0051] A near infrared (NIR) fluorescent dye, Cy5.5 Phos-
phoramidite (GE Healthcare Life Sciences ) was encapsulated
into BP02 liposomes or PEGylated liposomes as an optical
agent for imaging the biodistribution and the fluorescence
intensity in the brain. The mice (4-6 weeks BALB/c nude
mice) were injected via tail vein with 5 mg/kg Cy5.5 lipo-
some, anesthetized by isoflurane inhalation, and imaged at
10, 20, 30, 60, 120, 180 and 240 mins post injection. Images
were acquired by the IVIS200 system (Xenogen Corp.) using
a one-second exposure time (f/stop=8, Binning=8), and the
regions of interest (ROI) covering the entire brain as circled
were analyzed by using Living Image and IGOR software.
Fluorescence intensity was normalized by the initial fluores-
cence of each animal at 10 min postinjection and defined as
photons per second per centimeter square per steradian (p/s/
cm?/st). The results are shown in FIG. 4. The results indicated
that the BP02 ligand facilitated the liposome accumulation in
the brain of the mouse.

Example 13

Preparation of Endomorphin-1 Encapsulated BP02
Liposomes

[0052] For the analgesic studies, a mixture of SPC, HSPC,
DPPG, cholesterol, Brij76, and TPGS ata 20:2:2:2:4:1 molar
ratio was used to encapsulate a given drug loading of endo-
morphin-1 (EM-1). All materials were placed in a 12.5 ml
ZrQ, mortar and five ZrO, beads (10 mm of diameter) were
added into the mortar to start the milling process at 500 rpm
for one hour (Planetary Micro Mill, Pulverisette 7). The
sticky paste was then hydrated with 10 mM PBS (pH 7.4) and
stirred under room temperature for one hour. EM-1 encapsu-
lated liposomes were prepared. Furthermore, 1.5 mol % of the
DSPE-PEG2000-BP02 solution and 1.5 mol % of the DSPE-
PEG2000 solution were respectively added to the liposome
solution for post-insertion at4° C. for overnight. EM-1 encap-
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sulated BPO2 liposomes (NL563-BP02) and EM-1 encapsu-
lated PEGylated liposomes (NL563) were prepared.

Example 14
Hot Plate Test (PD Study)

[0053] To prove the brain-targeting, the animal model of
hot-plate test was used to evaluate the analgesic efficacy of
BP02 ligand. Hot-plate test was used to evaluate thermal pain
reflexes due to footpad contact with a heated surface. The
response of the animals to the hot plate reflects a nociceptive
behavior, which involves complex circuit integration in the
central nervous system.

[0054] Briefly, the mice were individually placed on a 55
hot plate apparatus and the time until onset of licking the
hindlimb was measured. Basal latency was approximate 2
sec, and cut-off time in the absence of a response (T2) was set
at 45 sec. The inhibition of the hindlimb-licking responses
were expressed as percent maximal possible effect (% MPE)
which was calculated as [(T1-T0)/(T2-T0)]x100, where TO
and T1 were the hot-plate latencies before and after intrave-
nous injection of the EM-1 formulations. The hot-plate
latency was determined 10, 20, 30, 60, 120, 180 and 210 min
after the formulation injection (7.5 mg/’kg EM-1), and the
AUC (the area under a curve) values for MPE % versus time
(min) plots were calculated.

[0055] EM-1 given alone at a dose of 7.5 mg/kg did not
reduce the nociceptive responses of mice (data not shown).
The NL563 formulation at the same dose only had slight
analgesic effect at 30 min post-dose. However, the NL563-
BP02 formulation significantly evoked an analgesic activity,
which reached an enhancement of hot plate latency by about
25% 120 min after administration and prolonged its analgesic
activity longer than 3 hr. The efficacy of NLG563-BP02 was
4-fold higher than NL563 according to the AUC values, and
there were significant differences between the formulations at
120 min and 180 min post-doses (P<0.05, one-tail t-test),
indicating the targeting formulation (NLG563-BP02) could
prevent drug degradation during the circulation and might
help to deliver the drugs into the central nervous system, as
shown in FIGS. 5 and 6.

Example 15

Preparation of Rhodamine-PE Labeled BPO2 Poly-
meric Micelles

[0056] (1) Preparation of DSPE-PEGS5000-BP02

[0057] 1 mg of cysteine-BP02 was dissolved in 10 mM
phosphate buffer (pH 6.5) to form a cysteine-BP02 solution
(0.625 mM). 3.7 mg of distearoylphosphatidylethanolamine-
polyethyleneglycol maleimide (DSPE-PEG5000-maleim-
ide) was dissolved in 10 mM phosphate buffer (pH 6.5) to
form a DSPE-PEG5000-maleimide solution (0.625 mM).
The DSPE-PEG5000-maleimide solution was slowly added
to the cystine-BP02 solution (molar ratio=1:1) at 4° C. and
stirred for overnight to prepare DSPE-PEG5000-BP02. The
grafting yield thereof was 81%, measured by 5,5'-dithiobis-
(2-nitrobenzoic acid) (DTNB, Ellman’s reagent).

[0058] (2) Preparation of Rhodamine-PE Labeled BP02
Polymeric Micelles

[0059] 10 mgofPEOZ-PLA copolymer (MW=15,000)and
0.05 mg of rhodamine-PE (Rh-PE) were mixed and dissolved
in 1 ml chloroform. Chloroform was removed and the thin
film obtained was rehydrated with 1 ml1 10 mM PBS (pH 7.4)
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and sonicated for 1 min (X[.2020, Misonix Inc., USA) to
obtain rhodamine-PE labeled polymeric micelles (control).
The 5% molar ratio DSPE-PEG5000-BP02 was additionally
inserted in micelles as BP02 polymeric micelles. The particle
sizes of the control and BP02 formulations were average 57.3
nm and 66.9 nm, respectively, measured by Laser particle size
analyzer (N4 plus, Coulter Electronics, USA).

Example 16

In Vitro BP02 Polymeric Micelle Binding/Uptake by
RBE4 Cells

[0060] Inorderto demonstrate the targeting ability of BP02
peptides on other nanoparticles, rhodamine-labeled poly-
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an excitation wavelength of 568 nm and an emission wave-
length of 590 nm. On the other hand, the cells in one well were
harvested and the cell number was counted. Cellular binding/
uptake is expressed as nanograms per 10* cells. There is a
significant increase in the cell-associated fluorescence for the
cells treated with BPO2 PMs when compared to control PMs
(P<0.00005, two-tail t-test), as shown in FI1G. 7.

[0062] While the invention has been described by way of
example and in terms of preferred embodiment, it is to be
understood that the invention is not limited thereto. To the
contrary, it is intended to cover various modifications and
similar arrangements (as would be apparent to those skilled in
the art). Therefore, the scope of the appended claims should
be accorded the broadest interpretation so as to encompass all
such modifications and similar arrangements.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 1

<210> SEQ ID NO 1

<211> LENGTH: 12

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 1

Lys Tyr Leu Ala Tyr Pro Asp Ser Val His Ile Trp
1 5 10

meric micelles (PMs) with the coupling of BP02 peptides
were formulated for the cellular binding/uptake study as well.
RBE4 cells were first seeded on collagen I-coated coverslips
and incubated overnight at 37° C. Control or BP02 PMs were
applied to RBE4 cells and incubated in serum-free medium at
37° C. for 1 hr. After the incubation, the cells were washed
three times with PBS and mounted for fluorescence micros-
copy. There is a significant increase in the cell-associated
fluorescence for the cells treated with BP02 polymeric
micelles, indicating their higher binding affinities to RBE4
cells.

Example 17

Quantification of BP02 Polymeric Micelle Binding/
Uptake by RBE4 Cells

[0061] The cellular binding/uptake of rhodamine-labeled
polymeric micelles was quantified. Briefly, RBE4 cells were
seeded into collagen I-coated 12-well plates at densities of
2x10° cells/well and incubated at 37° C. for 2 days. Control or
BP02 PMs ata concentration of 1.25 pg/ml equivalent Rh-PE
were added and incubated in serum-free medium at 37° C. for
1 hr. The medium was aspirated and the cells were rinsed
three times with cold PBS. Then the cells were lysed with cell
lysis buffer (ProteoJET™ Mammlian Cell Lysis reagent,
K0301, Fermentas), and Rh-PE concentrations in the cell
lysates were measured with a fluorescence spectrophotom-
eter (Intelligent Fluorescence Detector, FP2020, JASCO) at

What is claimed is:

1. Anisolated peptide comprising an amino acid sequence
of SEQ ID NO: 1.

2. A delivery system, comprising:
a carrier having a surface;
a drug or a dye encapsulated in the carrier; and

an isolated peptide as claimed in claim 1 grafted on the
surface of the carrier.

3. The delivery system as claimed in claim 2, wherein the
carrier comprises nanoparticle, polymeric nanoparticle, solid
liquid nanoparticle, polymeric micelle, liposome, micro-
emulsion or liquid-based nanoparticle.

4. The delivery system as claimed in claim 3, wherein the
liposome comprises a first lipid, a second lipid or cholesterol.

5. The delivery system as claimed in claim 4, wherein the
first lipid is a phospholipid.

6. The delivery system as claimed in claim 5, wherein the
phospholipid comprises phosphatidyl choline (PC), soy
phosphatidyl choline (SPC), hydrogenated soy phosphatidyl
choline (HSPC) or phosphatidyl ethanolamine (PE).

7. The delivery system as claimed in claim 4, wherein the
second lipid comprises dipalmitoyl phosphatidyl glycerol
(DPPG) or distearoylphosphatidylethanolamine-polyethyl-
eneglycol (DSPE-PEG).

8. The delivery system as claimed in claim 4, wherein the
first lipid has a mole percent of 60-70, the second lipid has a
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mole percent of 1-10 and the cholesterol has a mole percent of
20-30, based on 100 mole percent of the carrier.

9. The delivery system as claimed in claim 2, wherein the
drug comprises synthetic drugs, peptide drugs, protein drugs
or nucleic acid drugs.

10. The delivery system as claimed in claim 9, wherein the
nucleic acid drug comprises plasmid DNA, antisense oligo-
nucleotide or RNAI.
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11. The delivery system as claimed in claim 2, wherein the
isolated peptide has a mole percent of 0.1-5, based on 100
mole percent of the carrier.

12. The delivery system as claimed in claim 2, wherein the
isolated peptide has a mole percent of 0.1-2.5, based on 100
mole percent of the carrier.

LI T T
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