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NK-1 RECEPTOR MEDIATED DELIVERY OF
AGENTS TO CELLS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Patent Application Ser. No. 61/012,514, filed on Dec. 10,
2007 and U.S. Provisional Patent Application Ser. No.
61/114,221, filed on Nov. 13, 2008, both of which are incor-
porated herein by reference in their entireties.

INTRODUCTION

[0002] The inability to introduce active proteins into cells
has been a major bottleneck to understanding and affecting
intracellular processes. Since many of the key components in
a multitude of biological pathways are located within the
cytoplasm, studying these pathways has to be carried out in
either lysed or permeablized cells. In both cases, the cellular
integrity is compromised and many of the key complexes that
need to be identified d and characterized are destroyed or
relocated. Additionally, the in vivo use of many therapeutic
agents has been greatly limited due to the absence of methods
for efficient and specific drug delivery to diseased tissue.
[0003] While some techniques are available for he intrac-
ellular, extra-endosomal or cytoplasmic delivery of proteins
to living cells, most are met with major challenges. For
example, the use of transfection reagents requires days for the
target protein to be expressed and compromises the integrity
of'the membrane, in most cases leading to toxicity and limited
in vivo utility. While cell-permeable peptides provide rapid
delivery, they lack cell-type specificity and their cargo can be
trapped in the endosome rendering it inactive. As a result of
the inability of such delivery methods to selectively target
diseased tissue, the therapeutic use of many reagents such as
antibodies has been limited to cell-surface targets.

SUMMARY OF THE INVENTION

[0004] Methods and compositions for delivery of agents to
intracellular locations, or in some embodiments extra-endo-
somal locations, in cells expressing tachykinin receptors
(NK-1, NK-2 or NK-3) are provided herein. The composi-
tions and methods allow delivery of diverse agents across the
cell membrane by a receptor-mediated delivery mechanism
involving binding of an engineered peptide ligand, P (e.g., a
Substance P variant) to a tachykinin receptor on the cell
surface.

[0005] Conjugates for intracellular delivery of agents com-
prising a targeting vehicle conjugated to an agent are pro-
vided herein. The agent is suitably delivered to an intracellu-
lar extra-endosomal location. The conjugate has the structure:
P-M-C-A. P is a tachykinin receptor ligand or a variant
thereof. M is a reactive moiety attached to or near the N-ter-
minus of P. C is an optional crosslinker. A is an agent attached
to M or C, if present. Suitably M is maleimide and A is
attached to M via a thioester bond.

[0006] Inanotheraspect, conjugates for intracellular deliv-
ery of an antibody or fragment thereof comprising a targeting
vehicle conjugated to an antibody or fragment thereof are
provided herein. The antibody or fragment thereof'is suitably
specific for an intracellular target. The conjugate has the
structure: P-M-C-Ab. P is a tachykinin receptor ligand or a
variant thereof. M is a reactive moiety attached at or near the
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N-terminus of P. C is an optional crosslinker. Ab is an anti-
body or fragment thereof attached to M or C, if present.
[0007] In yet another aspect, methods of delivering an
agent to an intracellular location within a cell expressing a
tachykinin eceptor are provided. The methods include con-
tacting the cell with a conjugate of the invention.

[0008] In still another aspect, methods of delivering an
agent to a cell are provided. A polynucleotide encoding a
tachykinin receptor operably connected to a promoter func-
tional in the cell is introduced into the cell. Then the cell is
contacted with the conjugate to deliver the agent to the cell.
[0009] Ina further aspect, methods of delivering antibodies
or fragments thereofto a cell expressing a tachykinin receptor
are provided. The cells are contacted with a conjugate which
includes a targeting vehicle and an antibody or fragment of an
antibody. Suitably, the antibody or fragment thereof is spe-
cific for an intracellular target in the cell in which it is deliv-
ered.

[0010] In a still further aspect, methods of arresting cell
growth or inducing death of a cancer cell are provided. The
cancer cell is contacted with a conjugate including a targeting
vehicle and an agent. The agent is capable of arresting cell
growth or inducing death of the cancer cell.

[0011] In yet another aspect, methods of delivering an
agent to an intracellular, extra-endosomal location within a
cell expressing a tachykinin receptor are provided. The cells
are contacted with a conjugate having the formula: P-M-C-A.
P is a tachykinin receptor ligand or a variant thereof. M is a
reactive moiety attached at or near the N-terminus of P. C is an
optional crosslinker. A is an agent attached to M or C, if
present.

BRIEF DESCRIPTION OF THE FIGURES

[0012] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawing(s) will be pro-
vided by the Office upon request and payment of the neces-
sary fee.

[0013] FIG. 1a is a schematic representation of receptor-
mediated delivery (RMD) of an agent, referred to in the
Figure as “cargo.” A fluorescently-labeled “cargo”is attached
to a tachykinin receptor ligand. Upon binding to the receptor,
the “cargo” is internalized where it can carry out the desired
function.

[0014] FIG. 15 is a schematic representation of a conjugate
of the invention showing attachment of synthetic antibody
fragments (s ABs) to a targeting vehicle based on a Substance
P peptide (SP) capable of binding NK-1. A surface cysteine
mutation at position 121 ofthe sAB reacts with the maleimide
moiety of an engineered SP variant. The amino acid sequence
of SP is shown in the box (SEQ ID NO. 2).

[0015] FIG. 2 is a set of micrographs showing internaliza-
tion of functional sABs. In all panels, DAPI staining is shown
in blue. FIG. 24 is a micrograph of Hel.a cells treated with
100 nM SP-Alexa555 (red), and stained with FITC-phalloi-
din (green). FIG. 25 is an enlargement of the box shown in
FIG. 2a, showing actin structure is unatfected. FIG. 2¢ is a
micrograph of cells after treatment with 20 nM cyS5-labeled
sAB4-SP conjugate (red), followed by staining with TRITC-
phalloidin (green). FIG. 24 is an enlargement of the box
shown in FIG. 2¢, indicating depolymerization of actin fila-
ments. FIG. 2¢ and FIG. 2f are micrographs of Hel.a cells
treated with 20 nM cy3 labeled sAB17-SP (green in e), fol-
lowed by staining with FITC-phalloidin (green in f), showing
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colocaliztion of the sAB with phalloidin. FIG. 2g is a micro-
graph showing Hel a cells treated with 20 nM cy5-labeled
sAB27-SP conjugate (red) followed by staining with TRITC-
phallodin (green). FIG. 2/ is an enlargement of the box in
FIG. 2g, showing the effect of sAB27 on actin filaments.
[0016] FIG. 3 demonstrates differential expression of the
NK-1 receptor as between glioblastoma cells and normal
human astrocytes (NHA). FIG. 3a is a photograph of a West-
ern blot showing NK-1 receptor expression in NHA com-
pared to two glioblastoma cell-lines U87 and U373. FIG. 36
is a micrograph showing internalization of 100 nM SP-Al-
exa555 (red) by U87 cells followed by staining with DAPI
(blue). FIG. 3¢ is a micrograph showing no internalization
was observed after treatment of NHA with 100 nM SP-Al-
exa555.

[0017] FIG. 4 is a set of micrographs showing internaliza-
tion of sABs by U87 glioblastoma cells. FIG. 4a is a micro-
graph showing U87 cells treated with 20 nM cy5-labeled
sAB4-SP conjugate (red), followed by staining with TRITC-
phalloidin (green). FIG. 45 is an enlarged view of the box in
FIG. 4a, indicating severing of actin filaments. FIG. 4¢ is a
micrograph showing treatment of U87 cells with 20 nM cy5-
labeled sAB27-SP conjugate (red) followed by staining with
TRITC-phallodin (green). FIG. 4d is a micrograph of
untreated cells. The structure of the actin filaments in FIG. 4¢
is disrupted as compared with untreated cells in FIG. 4d. FIG.
4e is a micrograph showing TRITC-phallodin (green) of
untreated U87 cells. FIG. 4f'is a micrograph showing treat-
ment of U87 cells with 20 nM cy5-labeled full length actin
antibody-SP conjugate (red).

[0018] FIG. 5 shows the results of cell viability assays of
U87 glioblastoma cells after treatment with sAB27-SP. FIG.
5a is a graph showing the cell viability 48 hours after treat-
ment with sAB27, SP or sAB27-SP conjugate, 10 nM; left
panel, 20 nM; right panel. FIG. 55 is a graph showing the time
course of inhibition of cell proliferation by the sAB27-SP
conjugate, 10 nM; open circles, 20 nM; closed circles.
[0019] FIG. 6 is a graph plotting quantification of internal-
ized conjugate as a function of the amount of conjugate added
to the U87 cells after incubation with varying concentrations
of fluorescently labeled conjugate for 24 hrs.

[0020] FIG. 7 is a schematic representation displayed with
exemplary micrographs showing the fluorescence of Alexa-
647-1abeled polynucleotide encoding GFP operably linked to
a promoter (red) after internalization by cells after 2 hours.
After 24 hours incubation, GFP expression is observed
(green) within cells treated with the conjugate, but not in cells
treated with the polynucleotide alone.

[0021] FIG. 8 is a schematic representation displayed with
exemplary micrographs showing fluorescence of actin fila-
ments (green) and Myosin (red) in cells after incubation with
SP-GFP-Myosin V1.

DETAILED DESCRIPTION

[0022] Cellular ligand-induced receptor internalization
pathways are utilized in the invention to provide methods and
compositions capable of efficient transmembrane delivery of
a diverse set of agents including polynucleotides and
polypeptides. Attachment of the agent to a ligand of a tachy-
kinin receptor, e.g., neurokinin 1 (NK-1), allows delivery of
the agent by receptor-mediated delivery (RMD) to the cyto-
plasm, where the agent can perform a desired function with-
out compromising the integrity of the membrane (FIG. 1a).
Additionally, by utilizing receptors that are up-regulated dur-
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ing disease states, the invention provides a powerful drug
delivery tool that specifically targets diseased cells without
affecting the surrounding normal tissue.

[0023] The invention provides both compositions and
methods useful in delivering an agent to a cell expressing a
tachykinin receptor, including an NK-1, NK-2 or NK-3
receptor by the ligand. As will be appreciated, the invention is
useful in imaging intracellular proteins, targeting intracellu-
lar structures, and delivering moieties such as polypeptides,
polynucleotides and small molecules or chemicals to cells for
diagnostic, therapeutic and research purposes. Accordingly,
delivery of agents in vivo, ex vivo and in vitro is contem-
plated.

[0024] Insome embodiments, the methods of the invention
utilize SP, an 11-amino acid peptide that is rapidly internal-
ized upon binding to the NK-1 receptor, to deliver an agent
into a cell. A composition including SP or a variant thereof
that can be linked to an agent is also provided. The SP used in
the composition is engineered as described herein so that the
SP can be easily conjugated to virtually any protein with a
surface cysteine or a reactive amine group for delivery to the
cytoplasm. In particular embodiments, the invention provides
a method for the delivery of a biologically active agent. For
example, a set of synthetic antibody fragments (s ABs) engi-
neered by phage display to target various forms of actin was
used in the examples to test the ability of the conjugates to
deliver agents to an intracellular target. By conjugation to the
synthetic SP composition, the actin-binding sABs were rap-
idly internalized by HeLa cells expressing the NK-1 receptor.
The internalized conformationally specific sABs retained
their in vitro properties within the cytoplasm, where they
localized to and affected the polymerization of various forms
of actin.

[0025] As used herein, “SP” refers to any member of a
family of ligands that includes neurotransmitter peptides such
as substance P (SP), neurokinin (NKA), neurokinin B (NKB)
and hemokinin-1 (HK-1). (NM Page, J. Peptides 26: 1356-68
(2005), incorporated herein by reference in its entirety.) The
cognate receptors for these ligands are a family of G-protein
coupled receptors, namely NK-1, NK-2 and NK-3. The rela-
tive affinity of the tachykinin ligands for each of these recep-
tors varies, however, binding occurs in each instance to some
degree. By definition, the tachykinins are short peptides
which share a conserved hydrophobic C-terminal region,
FXGLM-NH, (SEQ ID NO: 7), where X is always a hydro-
phobic residue that is either an aromatic or a beta-branched
aliphatic. Thus, although the invention is described with
respect to a particular embodiment, i.e., SP/NK-1 receptor-
mediated delivery, it is hypothesized that other combinations
of'the tachykinin ligands and receptors may be used in accor-
dance with the invention.

[0026] Delivery to any cell expressing a tachykinin recep-
tor is contemplated. In preferred embodiments, the cells
express NK-1. Two NK-1 receptor isoforms have been
reported in humans: a full length version and a truncated
version that lacks 100 residues in its cytoplasmic tail. NK-1
receptors are natively expressed on nervous tissue (both cen-
tral and peripheral) as well as non-neuronal cells of the
immune, inflammatory and vascular endothelial systems.
Thus, delivery of agents to any of these tissues is within the
scope of the invention. Tachykinin receptors have been iden-
tified in a number of cells and tissues, including the peripheral
and central nervous system, and inflammatory cells such as
macrophages, lymphocytes, neutrophils, dendritic cells and
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mast cells. In addition, NK-1 receptors have been reported to
be overexpressed in glioblastomas, astrocytomas, adenocar-
cinomas and breast, gastric, laryngeal and pancreatic cancers
(Schultz et al., J. Histochemistry & Cytochemistry 54 (9):
1015-1020 (2006), incorporated herein in its entirety). The
invention is therefore particularly suitable for specific deliv-
ery of an agent to neoplastic tissues expressing overexpress-
ing NK-1 receptors. Moreover, cells that do not natively
express tachykinin receptors may be engineered to express
tachykinin receptors using techniques known in the art,
thereby providing a means by which agents can be delivered
to the engineered cells in accordance with the invention. For
example, a polynucleotide encoding a NK-1 receptor oper-
ably connected to a promoter functional in the engineered cell
may be introduced into the cell. Those of skill in the art are
familiar with a variety of techniques for introducing poly-
nucleotides into cells, including transfection and transduc-
tion.

[0027] The NK-1 receptor is highly overexpressed in a
number of aggressive tumors, particularly in astrocytomas
and glioblastomas, where the level of expression is correlated
with the degree of malignancy. In the context, conjugates
internalized by U87 glioblastoma cells, but not by normal
human astrocytes (NHA) are preferred. As an illustration, in
the Examples, a synthetic antibody or “sAB” that disrupts the
structure of actin filaments was shown to decrease the viabil-
ity of glioblastoma cells upon conjugate-mediated internal-
ization. These data suggest that the delivery of sABs may
have applications as a research tool and also may mediate the
delivery of highly specific therapeutic affinity reagents that
specifically target intracellular components within tumor
cells.

[0028] Agents which can be delivered to cells in accor-
dance with the invention include any chemical or biological
entity that may be internalized, e.g., via endocytosis, into a
cell via a tachykinin receptor when coupled to a targeting
vehicle including SP. Suitable examples include, but are not
limited to polynucleotides such as coding sequences and
RNAI inducing agents (e.g., short interfering RNA (siRNA),
short hairpin RNA (shRNA) and antagomirs), polypeptides
such as antibodies or fragments thereof (e.g., fragment anti-
gen binding domains (or “Fabs”) and sAB), normal cellular
proteins such as myosin or mutant proteins (e.g., recombinant
proteins which act as activators or inhibitors (e.g., dominant
negative inhibitors), inside the cell), chemicals including
cytotoxic moieties such as toxins, imaging moieties such as
radioisotopes and fluorescent tags, and nanoparticles. Agents
to be delivered are conjugated or coupled to SP to form a
conjugate. Methods of coupling SP to agents are described
below. Delivery of the agent to a cell expressing the NK-1
receptor includes contacting the cell with the conjugate. The
cell may be contacted with the conjugate in vivo, in vitro or ex
vivo.

[0029] Insomeembodiments, a polynucleotide comprising
a sequence encoding a polypeptide operably linked to a pro-
moter may be delivered to cells according to the methods of
the invention. The polynucleotides may be provided as linear
double-stranded DNA, or may be associated with vectors,
e.g., plasmid vectors. In the Examples, a polynucleotide
encoding GFP was conjugated to SP and 24 hours later GFP
was detected by fluorescence microscopy.

[0030] In an additional embodiment, a cytotoxic moiety
may be delivered. A “cytotoxic moiety,” as used herein, refers
to any agent which induces apoptosis, anoikis, autophagy, or

Jul. 7, 2011

ecrosis in cells to which the cytotoxic moiety is delivered.
Cytotoxic moieties may, for example, interfere with cell divi-
sion, disrupt normal functionality of microtubules, inhibit
utilization of a metabolite, substitute nucleotide analogs into
cellular DNA, or inhibit enzymes which are necessary for
DNA replication. For example, a sAB which binds to actin
and ultimately inhibits cell division may be suitably delivered
as a cytotoxic agent. It has been found that sAB27 induces a
twist in filaments which results in bundling actin filaments. In
the Examples, sAB27 was conjugated to SP and delivered to
U87 glioblastoma cells. As shown in FIG. 5, 48 hours after
delivery the proliferation of cells treated with sAB27 was
significantly decreased as compared to controls treated with
SP or sAB27 alone.

[0031] In certain embodiments, imaging agents are deliv-
ered to a cell comprising an NK-1 receptor. As used herein, an
“imaging agent” is any entity which enhances visualization or
detection of the cell to which it is delivered. Imaging agents
can include chemical entities that comprise an unstable iso-
tope, i.e., aradionuclide or a fluorescent moiety, such as Cy-5.
Suitable radionuclides include both alpha- and beta-emitters.
In some embodiments, the targeting vehicle is labeled. In
other embodiments, suitable radioactive moieties include
labeled polynucleotides and polypeptides which can be
coupled to the targeting vehicle. Radionuclides emitting low-
energy electrons (e.g., those that emit photons with energies
as low as 20 keV) are particularly suitable for some embodi-
ments of the invention because they can irradiate the cell to
which they are delivered without irradiating surrounding cells
or tissues. Non-limiting examples of radionuclides that are
can be delivered to cells in accordance with the invention
include 7Cs, '°°Pd, '"'In, '*°1, *''At, *"*Bi and *"’Bi,
among others known in the art. In the Examples, sAB4, was
labeled with Cy-5 to track internalization of the agent.
[0032] Further imaging agents suitable for delivery to a cell
in accordance with several embodiments of the invention
include paramagnetic species for use in MR1 imaging,
echogenic entities for use in ultrasound imaging, fluorescent
entities for use in fluorescence imaging (including quantum
dots), and light-active entities for use in optical imaging.
Specific non-limiting examples of fluorophores that may be
delivered to a cell include, e.g., Cy-3, fluorescein and
rhodamine. A suitable species for MRI imaging is a gado-
linium complex of diethylenetriamine pentacetic acid
(DTPA). For positron emission tomography (PET), **F or '*C
may be delivered.

[0033] Inanother embodiment, the agent to be delivered to
the cell expressing the NK-1 receptor is an antibody or frag-
ment thereof such as a Fab fragment or a sAB. The antibody
or fragment thereof may suitably recognize a particular intra-
cellular protein, protein isoform, or protein configuration.
Suitable Fab fragments include, but are not limited to, syn-
thetic antibodies sAB10, sAB19 or sAB27. Antibodies or
fragments thereof may inhibit or activate an intracellular
function or protein. For example, sAB27 inhibits actin poly-
merization.

[0034] The above-described agents are suitably coupled to
a targeting vehicle to form a conjugate for delivery of the
agent to a cell comprising an NK-1 receptor as a conjugate. A
“targeting vehicle” as used herein, refers to an entity that
binds a tachykinin receptor and induces receptor-mediated
endocytosis of the agent, regardless of whether downstream
biological effects of tachykinin receptor binding are
observed. As will be appreciated, no particular level of bind-
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ing specificity is required, and acceptable levels of specificity
will depend on the application. The targeting vehicle may be
modified to include at least one reactive group, including, but
not limited to, cysteine and malcimidc. Selection of a suitable
targeting vehicle will depend on, e.g., the agent to be deliv-
ered, the coupling strategy to be used, and the degree of
receptor activation desired, if any.

[0035] Conjugates include a targeting vehicle and an agent
and have the following structure: P-M-C-A. P is a peptide
ligand of a tachykinin receptor or a variant thereof, such as
Substance P. P includes the seven amino acid NK-1 receptor
binding region of SEQ ID NO: 1. In one embodiment, P
includes the variant SP of SEQ ID NO: 2. In an alternative
embodiment, P includes the K3C amino acid substitution
shown in SEQ ID NO: 3. In this embodiment, the agent may
be directly linked to P via a disulfide bond to a cysteine in a
polypeptide agent or a sulthydryl group in a chemical agent.
P may also include any of SEQ ID NO: 4-6. M is maleimide
or other reactive group attached to P. Suitably M is attached to
or near the N-terminus of P. C is an optional crosslinker to
attach M to A. Suitable crosslinkers are available to those
skilled in the art. A is an agent attached to M either directly or
via a crosslinker, C. Suitably, A is attached to maleimide via
a thioester bond with a cysteine residue or other sulthydryl
group in/on the agent.

[0036] Suitable means of coupling an agent to a targeting
vehicle include those, as described in, e.g., Bioconjugate
Techniques, Greg T. Hermanson (1996) Academic Press, San
Diego, incorporated herein by reference. Disulfide coupling
using cysteine residues outside the binding domain of the SP
to the NK-1 receptor is one particularly preferred coupling
strategy. In particular embodiments, one or more cysteine
residues or a malcimidc may be incorporated in the targeting
vehicle to facilitate coupling to the agent to be delivered.
Additionally, one or more cysteine residues may be intro-
duced in the agent to facilitate coupling to the targeting
vehicle. In some embodiments, the coupling strategy is cho-
sen to facilitate release of the agent from the targeting vehicle
upon uptake by the cell, however, in other embodiments, this
is not necessary to achieve the desired effect.

[0037] In one formulation, SPDP (N-succinimidyl 3-(2-
pyridyldithio)propionate), commercially available, hetero-
bifunctional cross-linking reagent, is used to couple a nucleic
acid agent, e.g., DNA or siRNA, to a targeting vehicle. As is
appreciated by those skilled in the art, one end of SPDP
contains an activated N-hydroxysuccinimide (NHS) ester,
which reacts with alkyl amine groups to form an amide link-
age. The other end of SPDP contains a 2-pyridyldithiol group,
which reacts with sulthydryl groups (—SH) to form a disul-
fide linkage. The nucleic acid agent is suitably prepared to
provide a hexylamine moiety at one of its termini. Conjuga-
tion to the targeting agent occurs in two stages. In the first
stage, the hexylamine group reacts with the NHS moiety of
SPDP to form a nucleic acid-SPDP conjugate. In the second
stage, the 2-pyridyldithiol group of this conjugate reacts with
a cysteine residue in the targeting vehicle via thiol disulfide
exchange chemistry, generating the targeting vehicle-nucleic
acid conjugate.

[0038] In a second strategy, a different hetero-bifunctional
cross-linking reagent, SMCC (succinimidyl 4-(N-maleimi-
domethyl)cyclohexane-1-carboxylate), is used. Like SPDP,
one end of SMCC contains an activated NHS ester, but the
other end contains a maleimide group, which reacts with
thiols. The strategy for coupling this reagent parallels the
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SPDP-based strategy described above. In stage 1, the NHS
ester eacts with the hexylamine-containing nucleic acid, and
in stage two, the resulting nucleic acid-SMCC conjugate
reacts with a cysteine residue in the targeting vehicle, such as
in the SP of SEQ ID NO: 3. In the SPDP linked conjugate, the
targeting vehicle is attached to the nucleic acid via a disulfide
bond, which may be reduced in the intracellular environment.
In the SMCC linked conjugate, the targeting vehicle is
attached to the nucleic acid via a thioether linkage, which is
inert under physiological conditions.

[0039] In addition to the disulfide exchange chemistry and
maleimide strategies described above, there are numerous
other chemistries that are suitable for coupling agents to
targeting vehicles, including, but not limited to: haloacetyl
and alkyl halide derivatives, aziridines, acryloyl derivatives
and arylating agents.

[0040] Inthe methods ofthe invention, delivery of an agent
to a cell expressing a tachykinin receptor is affected by con-
tacting the cell with the conjugate described above. It is
presently believed that the P portion of the conjugate binds to
the tachykinin receptor on the cell and mediates internaliza-
tion of the conjugate by receptor-mediated delivery. In some
embodiments, the agent is then transported out of the endo-
some to an intracellular, extra-endosomal location. The agent
may remain in the cytoplasm, or may be transported to the
nucleus or a sub-cellular compartment in the cell. In certain
embodiments, the agent is then capable of interacting with the
appropriate target within the cell. Suitable targets within the
cell include, but are not limited to, cellular proteins, cellular
organelles, mRNA, micro RNA, DNA and intracellular
pathogens. The agent may be capable of inhibiting the target,
activating the target or labeling the target without affecting its
normal function within the cell. In some embodiments, the
effect of the agent on the target causes the cell to stop prolif-
erating and induces cell death.

[0041] Also provided are methods of arresting cell growth
or inducing cell death of a cancer cell expressing a tachykinin
receptor. The methods include contacting the cancer cell with
a conjugate capable of mediating intracellular delivery of an
agent, such as the conjugates described herein. The agent is
capable of arresting or attenuating the growth of the cell or
inducing cell death through any mechanism after agent inter-
nalization. The cancer cell may be contacted with the conju-
gate in vitro, in vivo or ex vivo. These methods may be useful
in treating cancer by directly targeting cancer cells overex-
pressing tachykinin receptors for delivery of agents capable
of decreasing or arresting cell growth or inducing cell death.

EXAMPLES
Example 1
Materials and Methods

[0042] Peptide synthesis of SP variants: All protected
amino acids and resin for peptide synthesis were purchased
from Peptides International, solvents from Fisher Scientific,
salts and buffers from Sigma Aldrich. Substance P-maleimide
synthesis was carried out manually by t-Boc methods using
p-Methyl-Benzhydrylamine resin to produce a C-terminal
amide after HF cleavage. 6-maleimidohexanoic acid (Sigma)
was used to introduce an N-terminal maleimide with a 6-car-
bon linker. Additionally, a variant of SP was synthesized with
a cysteine mutation at position 3 for attachment of thiol-
reactive fluorophores and was used as positive control for
NK-1 receptor-mediated internalization. The peptides were
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cleaved from the resin using HF and extracted in 50% aceto-
nitrile, 0.1% trifluoroacetic acid aqueous solution for lyo-
philization. The purity of the crude peptides was determined
using an analytical C-18 reversed-phase column on a Shi-
matzu 10A-vp and their masses were confirmed by MALDI
MS.

[0043] Mutagenesis: Alanine 121 in heavy chain was
mutated to cysteine of actin sAB constructs was introduced
by Kunkel mutagenesis. The new construct was transformed
into 55344 bacteria expression strain (provided by Genen-
tech). Actin-binding s ABs were engineered by phage display
and purified. Each sAB contained a C-terminal 6-his tag on
the light chain, and a cysteine mutation at position Ala121 of
the heavy chain, and sequences were confirmed by DNA
sequencing. The purified sABs were dialyzed into 50 mM
Sodium Borate buffer pH 7.4 for fluorescent conjugation.
NHS-ester fluorophores (Cy3 or Cy5; GE Healthcare, Alexa-
488 or Alexa-647; Invitrogen) were added to each sAB in a
5-fold excess from a 10 mM stock solution in DMSO. Reac-
tions were carried out at room temperature for 1 hr, followed
by gel filtration using a PD-10 column (GE Healthcare)
equilibrated with 20 mM MOPS, 100 mM NaCl pH 6.9 to
remove excess fluorophore. The fluorescently-labeled sABs
were reacted with a 10-fold excess of SP-maleimide targeting
vehicle from a 5 mM stock in DMSO. The reaction was
carried out overnight at4° C. in 20 mM MOPS, 100 mM NaCl
pH 6.9, followed by gel filtration using a PD-10 column to
remove excess targeting vehicle.

[0044] Conjugation of SP to full-length antibodies: Poly-
clonal anti-actin antibodies were purchased from Cell Signal-
ing Technology. Antibodies were fluorescently labeled and
crosslinked simultaneously by addition of 5-fold molar
excess of NHS-ester Alexa-555 and SPDP (Thermo) in 50
mM Sodium Borate pH 7.4 for 1 hr at room temperature,
followed by PD-10 column gel filtration. The modified anti-
bodies were incubated with a 10-fold excess of targeting
vehicle (SP-maleimide) overnight at 4° C. in 20 mM MOPS,
100 mM NaCl, 1 mM TCEP, pH 6.9, followed by gel filtration
using a PD-10 column.

[0045] Cell lines: U887 human glioblastoma-astrocytoma
epithelial-like cells (provided by Prof. Maciej S. Lesniak,
University of Chicago Medical Center) were cultured in
MEM with penicillin/streptomycin and 10% FBS. Normal
human astrocytes (NHA) were purchased from Lonza and
cultured in astrocyte growth media (Lonza) supplemented
with rhEGF; Insulin, Ascorbic Acid, GA-1000 L-Glutamine
and 5% FBS. HelLa cells (provided by Dr. Ronald Rock,
University of Chicago) were grown in DMEM penicillinis-
treptomycin and with 10% FBS.

[0046] Western blot: NHA and U87 cells were lysed in
RIPA bufter (50 mM Tris-HCI, pH 7.4, 150 mM NaCl, 1 mM
PMSF, 1 mM EDTA, 1% Triton X-100, 1% Sodium deoxy-
cholate, 0.1% SDS, 5 ng/ulL proteinase inhibitors). Total pro-
tein concentrations of the lysates were determined. For each
sample, 20 ug protein was loaded on 4-20% Tris-HCl gradient
gel for separation by SDS-PAGE electrophoresis. The pro-
teins were transferred to Hybond-C Extra nitrocellulose
membrane at 90 V for 90 minutes. The membrane was
blocked for 1 h in 5% milk in TBS-Tween and incubated
overnight at 4° C. with rabbit anti-NK-1R antibody (1:2000),
then incubated with HRP-conjugated anti-rabbit antibody
(1:2000) for 1 hour at room temperature. ECL, Western Blot-
ting Detection Reagent (Amersham) was used for chemifluo-
rescence signal detection.
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[0047] NK-1 receptor transfection: A plasmid coding for
the human NK-1 receptor in the mammalian expression vec-
tor pcDNA3(+) (provided by Dr. Robert Lefkowitz, Duke
University) was transfected into Hela cells using Lipo-
fectamine 2000 according to manufacturer protocol, with 1
ng of the plasmid for each well containing 10* HeLa cells
seeded on an 18 mm cover-slip in a 12-well plate.

[0048] Confocal Microscopy: For each sample, 10* US87
cells were seeded on an 18 mm cover-slip in MEM with 10%
FBS overnight in a 12-well plate, then starved in MEM with
0.1% BSA for 3 hrs. The reagent (SP-sAB conjugate, SP-
Fluorophore or sAB only) was filter-sterilized, diluted to the
desired final concentration in MEM 0.1% BSA and added
directly to the live cells in each well for 2 hrs. Untreated cells
served as a negative control. Following incubation with the
reagent, the cells were washed with PBS and fixed in 4%
p-formaldehyde. The cells were permeablized in TBS-Tween
and blocked with 10% Normal Goat Serum for 1 hr. Actin
filaments were stained with FITC-phalloidin (1:250 dilution),
or TRITC-phalloidin (1:3000 dilution) for 1 hr at room tem-
perature. Nuclei were stained with DAPI (10 pg/ml.) or
Hoechst reagent (Invitrogen, 1:2000) for 5 minutes at room
temperature. Samples were mounted using Prol.ong Gold
reagent (Invitrogen). Confocal microscopy images were col-
lected using a Leica SP2 with Alexa 488, Alexa 555 or Cy3
and Alexa 574 or Cy5 excited with the 488 nm laser, the 543
nm laser and the 633 laser, respectively. Multicolored images
were overlaid using the imagelJ software.

[0049] MTS proliferation assay: U87 cells were seeded in
96-well plates at density 5000 cells/well in 0.1 mL of growth
media. Cells were attached overnight and starved for 3 hours.
Cells were stimulated with 20 nM sAB27-SP conjugate for 3,
5,9, 24 and 48 hours, and SP or sAB27 alone for 48 hours in
starving media. 20 uL. of the MTS-based CellTiter 96 Aque-
ous One Solution reagent was added to each well. The plate
was incubated in a humidified, 5% CO, atmosphere until
color was developed and the absorbance was recorded at 490
nm.

[0050] Internalization quantification: U87 cells were
seeded in a 96-well black bottom plate at a density of 5000
cells/well in 0.1 mL growth media, and then starved in starv-
ing media for 3 hours. Cells were stimulated with 20 nM, 50
nM, 100 nM, 200 nM and 500 nM of Cy5-sAB-27-SP con-
jugate for 24 hours in starving media. The same concentra-
tions were added to empty wells to account for non-specific
binding of the conjugate. After 24 hours, the empty wells and
cells were extensively washed with PBS in order to remove
non-internalized conjugate. 0.1 mL of PBS was added to each
well and the remaining fluorescence was measured in tripli-
cates using the following parameters: excitation: 640 nm,
emission wavelength 670-680 nm, excitation bandwidth: 8
nm, emission bandwidth: 15 nm. A standard curve was used
to calculate the concentration of internalized conjugate based
on fluorescence measurements.

Example 2
Engineering a Delivery Vehicle Based on SP

[0051] An important feature of SP and variants thereof is
that the seven amino acids at the C-terminus are sufficient for
binding to the tachykinin receptor and subsequent internal-
ization. This allows the incorporation of modifications for
agent attachment at the N-terminus without loss of function.
We synthesized a variant of SP that contains a C-terminal
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amide, in addition to an N-terminal thiol-reactive maleimide
with a 6-carbon linker (FIG. 15) using t-Boc chemistry. The
maleimide moiety reacts with cysteine residues under physi-
ologic conditions to form a stable thioether bond.

Example 3
Construction of sAB Conjugates

[0052] To demonstrate the ability of engineered SP to deliv-
ery protein agents, we isolated three sABs (sAB-4, sAB-17
and sAB-27) from a restricted amino acid phage display
library that had been engineered to bind to the pointed end of
actin. Characterization of the actin-binding properties of the
sABs indicated that each exhibits a unique binding mode to
the actin filaments. sAB-4 causes rapid depolymerization of
actin filaments, sAB-17 is a side-binder that has no apparent
effect on the actin filament structure, and sAB-27 affects the
overall structure of actin by inducing a twist in the filament.
Prior to conjugation of the sABs to SP, each sAB was fluo-
rescently labeled via surface lysines using an amine reactive
fluorophore to facilitate visualization by confocal micros-
copy. As a consequence of the restricted amino acid library
used for the sAB selection process, lysine residues are rarely
incorporated in the antigen binding site. We found that tar-
geting surface lysines for fluorescence labeling has little to no
effect on the actin-binding properties of the sABs. A cysteine
mutation was introduced at position 121 of the heavy chain of
each sAB for conjugation to the N-terminal maleimide of our
SP variant (FIG. 15). Position 121 was chosen because it is
solvent accessible and lies far from the antigen binding site.

Example 4

NK1 Receptor-Mediated Delivery of sAB Conju-
gates

[0053] The ability to specifically deliver functional biomo-
lecular agents to living cells can be a powerful research tool
for studying molecular processes. Introduction of the NK-1
receptor is sufficient for the uptake of fluorescently-labeled
SP. We sought to demonstrate that attachment of sABs to SP
does not impede uptake by the receptor, and further, that the
attached s ABs retain their activity within the cells after inter-
nalization. HelLa cells transfected with a plasmid coding for
the NK-1 receptor were incubated for 2 hours with 20 nM
fluorescently-labeled SP. The cells were then stained with
phalloidin for visualization of actin structure. Confocal
microscopy imaging of the cell shows rapid internalization of
SP by cells transfected with the receptor. Each of the three
SP-conjugated sABs were also internalized by the transfected
cells in as little as 2 hrs, demonstrating the ability of the
engineered SP variant to serve as a delivery vehicle for pro-
tein agents (FIG. 2).

[0054] While the internalized SP shows no specific local-
ization with actin and no apparent effect on the structure of
the actin filaments (FIGS. 2qa, b), treatment of transfected
HelLa cells with 20 nM of each of three SP-sAB conjugates
shows localization or reorganization of actin structure. Cells
treated with 20 nM of the sAB-4-SP conjugate display the
presence of short actin filaments in many cases capped by the
sAB (FIGS. 2¢, d), suggesting that this sAB induces severing
or depolymerization of the filaments in the cytoplasm as
observed by in vitro characterization. The cells also exhibit
poor staining with phalloidin, which does not bind effectively
to short actin filaments. In contrast, cells treated with 20 nM
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of the sAB-17 conjugate show co-localization of the sAB
with actin filaments without an apparent change in actin
structure or cell shape (FIGS. 2¢, f). This sAB was determined
to be a “side-binder” by in vitro characterization, and conse-
quently, the binding pattern resembles that of a phalloidin
stain. Finally, internalization of sAB-27 induces a conforma-
tional change to the actin filaments and possibly stimulates
bundling that drastically changes the overall shape of the cells
(FIGS. 2g, /). Similar results are obtained at very low con-
centrations (2 nM) of sAB-27 suggesting a long-range effect
of the sAB-actin interaction.

Example 5
Specific Delivery of sABs to Tumor Cells

[0055] The NK-1 receptor is highly overexpressed in many
tumor cell lines and primary cancers, including breast carci-
nomas, adenocarcinomas of the colon, astrocytomas and glio-
blastomas suggesting therapeutic potential for the composi-
tions and methods of the invention. Further, the expression
level of the NK-1 receptor is correlated with the degree of
malignancy of brain tumors. We compared the human glio-
blastoma cell-lines U87 and U373 with normal human astro-
cytes (NHA) for expression of the receptor in an effort to
expand the utility of SP-mediated delivery as a specific tool
for targeting tumor tissue. Western blot analysis of the NK-1
receptor expression confirms the presence of a significant
level of the receptor in both U87 and U373 cells, whereas the
receptor expression level is undetectable in NHA (FIG. 3a).
In addition, U87 glioma cells and NHA were incubated with
200 nM AlexaS55-labeled SP for 2 hr, followed by DAPI
staining. Confocal microscopy imaging shows that U87 cells
readily internalize the fluorescent SP conjugate (FIG. 35),
where internalization is undetectable in normal astrocytes
(FIG. 3¢).

[0056] We investigated the ability of SP to deliver func-
tional proteins to tumor cells. Live U87 glioblastoma cells
were treated for 2 hrs with 20 nM of the sAB4- or sAB27-SP
conjugates, and phalloidin staining was used to determine the
localization of the internalized sABs by confocal microscopy.
The results indicate that U87 cells treated with the SP-sAB
conjugates retain their actin-remodeling function. As
observed in Hel.a cells transfected with the NK-1 receptor,
sAB-4 localizes with short actin filaments (FIGS. 44, b), and
sAB-27 disrupts both the structure of the actin filaments and
the overall shape of the cells (FIG. 4¢) compared to untreated
U87 cells (FIG. 4d). Similar results were obtained when a full
length actin antibody was conjugated to SP and incubated
with U87 cells as shown in FIG. 4e-f.

Example 6
The Effect of the sAB-27 on Cell Viability

[0057] Due to the actin-bundling activity of sAB-27, its
effect on the viability of U87 glioblastoma cells following
SP-mediated delivery was investigated. Live U87 cells were
treated with either 10 nM or 20 nM of the SP-sAB-27 conju-
gate and a cell viability assay was carried out at different time
points up to 48 hrs after treatment. The viability of cells
incubated with the conjugates was compared with that of cells
treated with SP alone or sAB-27 alone, as well as untreated
cells. Treatment with SP or sAB-27 alone has no effect on
viability; however, incubation of U87 cells with the SP-sAB-
27 conjugate results in a concentration-dependent decrease in
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cell viability after 48 hrs (FIG. 5a). A time-course of the
viability of U87 cells treated with the SP-sAB-27 conjugate
was carried out, demonstrating the ability of this conjugate to
decrease the viability of the glioblastoma cells within 24 hrs
following treatment (FIG. 55).

Example 7

Quantitative Analysis of SP-Mediated Internalization
of sAB-27

[0058] To determine the efficiency of SP-mediated delivery
of proteins, U87 cells were incubated with increasing con-
centrations of a cy5-labeled sAB-27-SP conjugate for 24 hrs
in a 96-well plate. The cells were washed extensively with
PBS and residual fluorescence was determined using a micro-
plate reader. The fluorescence values obtained, reflecting the
amount of internalized conjugate, were compared to the input
concentrations (FIG. 6). The results show a correlation
between the amount of conjugate added and the concentration
of the internalized conjugate that fits a hyperbolic response.
The fit suggests an upper limit to the ability of U87 cells to
internalize the SP-conjugates with saturation at high concen-
trations (>1 uM) of added conjugate. This apparent limit may
be due to down-regulation of the NK-1 receptor as a result of
stimulation by SP. Additionally, it has been suggested that
concentration of cell-surface NK-1 receptor can vary between
malignant cell lines and can be influenced by extracellular
factors secreted by the immune system. We also observed that
the ability of cells to internalize SP can diminish at high
passage numbers, presumably due to the absence of immune
factors from artificial culture conditions.

Example 8

Delivery of a Polynucleotide Encoding a Fluorescent
Protein

[0059] To determine if other types of agents could also be
delivered to cells expressing NK-1 receptors in accordance
with the invention, Hel.a cells transfected with the NK-1
receptor as described above, were incubated with an ST-
polynucleotide conjugate. The polynucleotide encoded GFP
operably linked to a promoter functional in the cells. The
polynucleotide was also fluorescently tagged with Alexa-647
such that delivery of the polynucleotide into the cell could be
monitored as well as expression of GFP. As shown in FIG. 7,

Jul. 7, 2011

in cells incubated with the 200 pM SP-polynucleotide conju-
gate, the polynucleotide was internalized after 2 hours and at
least a portion co-localized with the nucleus of the cell (red).
Confocal microscopy of cells incubated with the 200 uM
SP-polynucleotide conjugate or the polynucleotide alone
show expression of GFP after 24 hours only in cells incubated
with the SP-polynucleotide conjugate (FIG. 7). These results
demonstrate that polynucleotide as well as polypeptide
agents may be delivered via this method and that polynucle-
otides can be further targeted to the nucleus.

Example 9
Delivery of Myosin

[0060] To determine whether large agents such as full-
length proteins could be delivered by way of the invention, a
conjugate in which SP was conjugated to a GFP-myosin VI
chimera was developed. The resulting conjugate is 400 kDa.
U87 cells were incubated with the conjugate for 2 hours and
internalization was visualized using confocal microscopy. As
shown in FIG. 8, the conjugate was internalized by the cells.
Indeed, the myosin (red) was functional and could be visual-
ized walking on actin filaments within the cells. Thus the
methods are useful for delivering even very large agents to
cells expressing tachykinin receptors such as the NK-1 recep-
tor.

[0061] Itis specifically contemplated that any embodiment
of' any method or composition of the invention may be used
with any other method or composition of the invention.
[0062] As used in this specification and the appended
claims, the singular forms “a,” “an,” and “the” include plural
referents unless the content clearly dictates otherwise. Thus,
for example, reference to a composition containing “a conju-
gate” includes a mixture of two or more conjugates. It should
also be noted that the term “or” is generally employed in its
sense including “and/or” unless the content clearly dictates
otherwise.

[0063] Italso is specifically understood that any numerical
value recited herein includes all values from the lower value
to theupper value, i.e., all possible combinations of numerical
values between the lowest value and the highest value enu-
merated are to be considered to be expressly stated in this
application. For example, if a range is stated as 1% to 50%, it
is intended that values such as 2% to 40%, 10% to 30%, or 1%
to 3%, etc., are expressly enumerated in this specification.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 7

<210> SEQ ID NO 1

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1
Gln Gln Phe Phe Gly Leu Met

1 5

<210> SEQ ID NO 2
<211> LENGTH: 11
<212> TYPE: PRT
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-continued

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 2

Arg Pro Lys Pro Gln Gln Phe Phe Gly Leu Met
1 5 10

<210> SEQ ID NO 3

<211> LENGTH: 11

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

Arg Pro Cys Pro Gln Gln Phe Phe Gly Leu Met
1 5 10

<210> SEQ ID NO 4

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Gln Gln Phe Phe Leu Pro Met
1 5

<210> SEQ ID NO 5

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

His Lys Thr Asp Phe Phe Val Gly Leu Met
1 5 10

<210> SEQ ID NO 6

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

Asp Met His Asp Phe Phe Val Gly Leu Met
1 5 10

<210> SEQ ID NO 7

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 7

Phe Xaa Gly Leu Met
1 5

1. A conjugate having the structure:
P-M-C-Ab,

wherein P is a tachykinin receptor ligand or a variant thereof;
M is a reactive moiety attached to or near the N-terminus of P;
C is an optional crosslinker; and Ab is an antibody or frag-
ment thereof specific for an intracellular target and is attached
to M or C, if present.

2. The conjugate of claim 2, wherein the intracellular target
is an extra-endosomal target.

3. A conjugate having the structure:
P-M-C-A,

wherein P is a tachykinin receptor ligand or a variant thereof;,
M is amaleimide moiety attached to or near the N-terminus of
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P; C is an optional crosslinker; and A is an agent attached to
M or C, if present.

4. The conjugate of claim 1, wherein P is an NK-1 receptor
ligand.

5. The conjugate of claim 1, wherein P comprises a ligand
selected from the group consisting of SEQ ID NO: 1, SEQ ID
NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, and
SEQ ID NO: 6.

6. The conjugate of claim 1, wherein M is maleimide.

7. The conjugate of claim 3, wherein A is a polynucleotide,
a polypeptide, a chemical, or a nanoparticle.

8. The conjugate of claim 7, wherein the polynucleotide is
an RNAI inducing agent, a coding sequence or a plasmid.

9. The conjugate of claim 7, wherein the polypeptide is
selected from the group consisting of an antibody, a fragment
of an antibody and a synthetic fragment of an antibody.

10. The conjugate of claim 7, wherein the polypeptide is a
cytotoxic protein.

11. The conjugate of claim 7, wherein the chemical is
selected from the group consisting of fluorescent tags, quan-
tum dots, toxins, and imaging agents.

12. A method of delivering an agent to an intracellular,
extra-endosomal location within a cell expressing a tachyki-
nin receptor comprising contacting the cell with the conjugate
of claim 1.

13. A method of delivering an agent to a cell in vitro,
comprising:

(a) introducing a polynucleotide encoding an NK-1, NK-2
or NK-3 receptor into the cell, the polynucleotide being
operably connected to a promoter functional in the cell;
and

(b) contacting the cell with the conjugate of claim 1.

14. The method of claim 12, wherein the agent is delivered
to the cytoplasm of the cell.

15. The method of claim 12, wherein the agent is delivered
to the nucleus of the cell.

16. The method of claim 12, wherein the agent is delivered
to a subcellular compartment of the cell.

17. The method of claim 12, wherein the agent is capable of
inhibiting or enhancing the function of a target in the cell.
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18. The method of claim 17, wherein the function of the
target comprises attenuating cell proliferation or inducing
cell death.

19. A method of delivering an antibody or a fragment
thereof to a cell expressing a NK-1, NK-2 or NK-3 receptor
comprising contacting the cell with the conjugate of claim 1,
wherein the antibody or fragment thereof is capable of bind-
ing to an intracellular target in the cell.

20. The method of claim 19, wherein the target is extra-
endosomal.

21. The method of claim 19, wherein the antibody or anti-
body fragment is a synthetic antibody fragment (sAB).

22. The method of claim 19, wherein the antibody or anti-
body fragment is capable of reducing, inhibiting or enhancing
the function of the target.

23. The method of claim 22, wherein the function of the
target comprises attenuating cell proliferation or inducing
cell death.

24. A method of arresting cell growth or inducing death of
a cancer cell comprising contacting the cancer cell with the
conjugate of claim 1, wherein the agent is capable of attenu-
ating cell growth or inducing death of the cancer cell.

25. The method of claim 24, wherein the cancer cell is
selected from the group consisting of breast cancer, pancre-
atic cancer, gastric cancer, colon cancer, lung cancer, prostate
cancer, ovarian cancer, laryngeal cancer, astrocytoma, and
glioblastoma.

26. A method of delivering an agent to an intracellular,
extra-endosomal location within a cell expressing a tachyki-
nin receptor comprising contacting the cell with a conjugate
having the formula:

P-M-C-A

wherein P is a tachykinin receptor ligand or a variant thereof;,
M s areactive moiety attached to or near the N-terminus of P;
C is an optional crosslinker; and A is an agent attached to M
or C, if present.



