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DESCRIPTION

ISOLATION OF A CELL-SPECIFIC INTERNALIZING PEPTIDE THAT
INFILTRATES TUMOR TISSUE FOR TARGETED DRUG DELIVERY

BACKGROUND OF THE INVENTION

The government owns rights in the present invention pursuant to grant number

SR29DE11689-04 from the National Institutes of Health and grant number
SP50DE11906-03 from the National Institutes of Dental and Craniofacial Research.

1. Field of the Invention

The present invention relates generally to the fields of cellular and molecular
biology. More particularly, it concerns the use of peptides that targets tumor tissue
and describes methods to achieve targeted delivery of anticancer drugs using this
peptide. The invention also contemplates methods .for using the peptide for the

diagnosis and 1imaging of cancer.

2. Description of Related Axt

A. Cancers

Cancer 1s one of the leading causes of disease, béing responsible for 526,000
deaths 1in the United States each year. In 1998, the American Cancer Society
estimated that 60,000 Americans would be diagnosed with head and neck cancer.
Head and neck cancer 1s the term given to a variety of malignant tumors that may
occur in the head and neck region: the oral cavity (including the tissues of the lip or
mouth such as the tongue, the gums, the lining of the cheeks and lips, the bottom of
the mouth, the hard and soft palate and the retromolar trigone); the pharynx (including
the hypopharynx, nasopharynx and oropharynx, also called the throat); paranasal
sinuses (including the frontal sinuses above the nose, the maxillary sinuses in the
upper part of either side of the upper Jawbone, the ethmoid sinuses just behind etther
side of the upper nose, and the sphenoid sinus behind the ethmoid sinus 1n the center
of the skull) and nasal cavity; the larynx (also called the voicebox); thyroid gland
(including cancers of the thyroid which are papillary, follicular, medullary and

anaplastic); parathyroid gland; salivary glands (including the major clusters of
1
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salivary glands found below the tongue, on the sides of the face just in front of the
ears, and under the jawbone); lesions of the skin of the face and neck and the cervical

lymph nodes; and metastatic squamous neck cancer with occult primary.

Although the percentage of oral and head and neck cancer patients in the
United States 1s only about 5% of all cancers diagnosed, the importance of this
disease 1s heightened by the fact that functional and aesthetic problems are commonly
assoclated with this type of cancer and 1ts treatment. Estimates indicate that there are
more than 500,000 survivors of oral and head and neck cancer living in the United
States today. Coping with this type of cancer can be extremely difficult. Not only
can the disease be life-threatening, but many patients must also endure alterations in

facial and neck appearance, as well as alterations in speech, sight, smell, chewing,

swallowing and taste perception.

Head and mneck cancers can arise from squamous cell carcinomas (SCC),
which are the second most common form of skin cancer. They occur in men more
often than women and originate primarily in skin exposed to the sun 1n a dose-
dependent manner. SCCs are likely derived from keratinocytes located near the skin
surface. Aneuploidy 1s common 1n this type of cancer, as 1s the presence of p53
mutations. SCC may occur anywhere on the skin, although it may arise on the

mucosal membranes of the mouth, nose, lips, throat, eyelids, lining of the breathing

tubes, anus, cervix, efc.

Breast cancer 1s the most common form of malignant disease among women 1n
Western countries. In the United States it 1s the most common cause of death among
women between 40 and 55 years of age. The American Cancer Society predicts there
will be over 183,000 new cases of invasive breast cancer 1n the year 2000 and over
40,000 deaths. The incidence of breast cancer is increasing, especially in older
women, but the cause of this increase 1s unknown. Several types of breast cancer
include ductal carcinoma irn situ (DCIS), infiltrating (invasive) ductal carcinoma
(IDC), lobular carcinoma in situ (LCIS) and infiltrating (invasive) lobular carcinoma
(ILC). Rusk factors linked to the disease include smoking, age, family history, race
(Caucasians are more susceptible) and menses history (early onset of menses and

menopause after age 50 increases the risk).
2
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. An even more deadly form of cancer 1s cancer of the brain. Every year over
100,000 people are diagnosed with a primary or metastatic brain tumor, which 1s the
second leading cause of cancer death 1n children under age 15 and 1n cancer deaths of
young adults up to age 34. The nature of brain tumors located at the center for
thought, emotion and physical function renders them difficult to treat, and the cure
rate 1s significantly lower than for most other types of cancer. Brain tumors originate
from one cell and travel to other brain cells instead of traveling to other organs, as
occurs with other types of cancer. Brain tumors can originate 1n the brain itself (such
as astrocytoma, glioblastoma, oligodendroglioma, and ependymoma), 1n its coverings
(meningiomas, pituitary tumors, pineal tumors), in the nerves at the base of the brain
(acoustic neuromas, schwannomas), or from outside the brain (metastatic brain
tumors). The most common forms of brain tumor are the malignant astrocytoma and
glioblastoma multiforme. Brain tumors do not metastasize, so treatment is usually
limited to the bramn. Furthermore, true tumor margins do not exist, so complete
removal by local therapy, such as surgery, radiation, heat, cold, etc. is prohibitive.
Treatments for the whole brain are preferred, since brain tumor cells travel around the
brain. Furthermore, brain tumors can be polyclonal containing multiple tumors in one

malignant mass.

Although a host of treatments for cancer, mcluding various forms of
chemotherapy, have been developed there is still the need for treatments that target
only the tumor-specific tissue and spare other normal tissue. Such treatments are the

cause of side effects associated with existing cancer therapies.

B. Tumor Therapy

The lack of tumor-specificity remains a major problem for chemotherapy since
the deleterious side effects prevent the delivery of doses of drugs that are required to
eliminate tumors (Hoekman, 1999; Lowenthal and Eaton, 1996; Wada, 1999; Shin et
al., 1998). For solid tumors, which comprise >90% of all human cancers, antibodies
recognizing tumor-specific antigens provide little utility for drug delivery because the
immunoconjugates are unable to penetrate tumor tissue (Dvorak et al., 1991;
Shockley et al. , 1991, Pietersz and McKenzie, 1992), resulting in a high level of

cytotoxic drugs in blood and dose-limiting myelotoxicity.
3
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In the past, antibodies recognizing tumor-specific antigens have been used to
deliver cytotoxic drugs to tumors. However, such immunoconjugates have shown
limited effectiveness towards solid tumors due to their inability to penetrate into the

interior of tumeor tissue.

Although some studies have shown the 1solation of peptides that specifically
localize to certain cell/tissue types, their localization to cancer specific cells has not
been demonstrated, thereby limiting utility in cancer therapy. For example, Barry et
al. (1996), describe the isolation of several peptides that show a greater affinity
towards mouse fibroblasts as compared to random peptides. The authors utilized a 1d
phage-based random peptide display library for screening, but the absence of a
subtraction step to eliminate nonspecifically interacting phages resulted in the
1solation of peptides that bound to multiple cell types, including hepatoma, myoblast,
and mastocytoma cells in addition to fibroblasts. Thus, the peptides isolated by Barry

and colleagues lack specificity towards any particular tissues, thereby limiting their

utility.

In another related study, Pasqualini et al. (1996) performed an in vivo
screening of a random peptide display library and 1solated several peptides that
localize to mouse brain and kidney through interaction with endothelial cells specific
to those organs. Although binding of the peptides to those organs appeared specific,
since their interaction was diminished in the presence of specific competitors, these

peptides target normal organs of non-human origin and do not demonstrate any utility

for a cancer treatment.

Finally, studies by Arap et al. (1998) described attempts to block tumor
growth indirectly by inhibiting angiogenesis. Through in vivo screening of a random
peptide display library, peptides that localized to endothelial cells associated with
human breast carcinoma xenografts were isolated. Some of the peptides contained
Arg-Gly-Asp sequence, a motif that binds to a subset of integrins. By conjugating the
cytotoxic drug doxorubicin to the peptide, a selective destruction of blood vessels
associated with tumors was observed. This, in turn, resulted in the necrosis of the

tumor and an increase in the survivability of the tumor-bearing mice. Pasqualim et al.
4
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(2000) have determined this peptide interacts with aminopeptidase N, although this

protem 1s produced in multiple tissues.

Furthermore, the mechanism through which the doxorubicin-peptide conjugate
enters cells has not been delineated. For example, the study does not address if the
peptide 1s internalized. Also, as the peptide targets endothelial cells rather than tumor

cells directly, 1t 1s not a direct tumor-specific agent.

Thus, there 1s a need for development of agents that can direct
chemotherapeutics to specific human tumor cells, as opposed to tumor-associated
cells such as tumor-associated endothelial cells, thereby preventing the delivery of

these drugs to normal non-cancerous cells, which in turn will prevent generalized cell

damage and the associated side effects.

SUMMARY OF THE INVENTION

The present invention overcomes limitations in the art. The inventors describe
herem the 1solation of a p’eptide (HN-1) that is specifically internalized by the human
head and neck squamous carcinoma cells. In certain embodiments of the mvention,
the HN-1 peptide also is specific to solid tumor tissue cells, such as breast cancer.
The mnventors also describe methods which allow specific delivery of anticancer drugs
conjugated with HN-1 to tumor tissue. In addition, the mnventors describe methods for
1maging and diagnosis of cancer cells by conjugating HN-1 with detectable labels and
delivering the conjugate to patients or by contacting the conjugate with tumor tissue
in vitro. The ventors furthermore provide methods to 1solate an internalizing
peptide for a tumor. In addition, the inventors further describe methods to detect a
cancer cell by 1solation of an internalizing peptide and conjugation to a drug or gene

therapy composition for administration to a patient.

The HN-1 peptide that the imnventors have 1solated differs from the peptide
described i the Arap et al. (1998) study 1 that it 1s specific for the tumor cells rather
than the tumor-associated endothelial cells. The present inventors envision

conjugating any kind of anti-cancer drug to this peptide, to achieve a direct and
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specific killing of tumor cells. The natural ability of the peptide to enter tumor cells

facilitates this process at the mechanistic level.

In an embodiment of the present invention there i1s a peptide that targets a
tumor cell, wherein the peptide is internalized by the tumor cell. In a specific
embodiment, the peptide comprises SEQ ID NO:1. In an additional embodiment the
peptide consists of SEQ ID NO:1. In another embodiment of the present invention
there 1s a DNA segment encoding SEQ ID NO:1. In a specific enibodiment the DNA
segment comprises a nucleic acid that encodes SEQ ID NO:1. In an additional

specific embodiment the DNA segment 1s further defined as a recombinant vector.

In another embodiment of the present invention there 1s provided a
composition comprising a drug; and a peptide that targets a tumor cell, wherein the
peptide 1s internalized by said tumor cell. In a specific embodiment the peptide
comprises SEQ ID NO:1. In a specific embodiment the peptide consists of SEQ ID
NO:1. In a further specific embodiment the drug 1s a chemotherapeutic agent. In
another specific embodiment the drug is a cytotoxic agent. In an additional specific
embodiment the drug 1s an apoptotic agent. In a further specific embodiment the drug
1s a DNA-damaging agent. In another specific embodiment the drug is Taxol. In an
additional specific embodiment the drug 1s cisplatin (CDDP), carboplatin,
procarbazine, mechlorethamine, cyclophosphamide, 1fosfamide, melphalan,
chlorambucil, bisulfan, nitrosurea, dactinomycin, daunorubicin, doxorubicin,
bleomycin, plicomycin, mitomycin, etoposide (VP16), tamoxifen, transplatinum,

5-fluorouracil, vincristin, vinblastin or methotrexate.

In accordance with an object of the present invention, there 1s provided a
method for killing a tumor cell comprising contacting the tumor cell with a
pharmaceutically acceptable composition comprising a drug; and a peptide that targets
the tumor cell, wherein the peptide i1s internalized by the tumor cell. In a specific
embodiment the peptide comprises SEQ ID NO:1. In another specific embodiment
the drug is conjugated to the peptide. In a further specific embodiment the tumor cell
1s selected from the group consisting of squamous cell carcinomas, head and neck
cancers, breast cancers, glioblastomas and astrocytomas. In a specific embodiment

the tumor cell 1s a human head and neck cancer cell. In a specific embodiment the
6
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human head and neck cancer cell 1s an oral cavity cell, a pharynx cell, a throat cell, a
paranasal sinus cell, a nasal cavity cell, a larynx cell, a thyroid cell, a parathyroid cell,
a salivary gland cell, a skin cell of the face, a skin cell of the neck or a cervical Iymph
node cell. ;In another specific embodiment the tumor cell 1s a solid tumor cell. In a
further specific embodiment the solid tumor cell comprises a breast cancer cell. In a
specific embodiment the contacting 1s by infravenous administration, mtratumoral
administration, subcutaneous administration, intraperitoneal administration or topical
administration. In an additional specific embodiment the contacting 1s by local,
regional or systemic administration. In another specific embodiment the tumor cell 1s

1n a patient.

In accordance with another aspect of the present invention there is provided a
method for detecting cancer comprising obtaining a peptide comprising SEQ ID
NO:1, wherein the peptide targets a tumor cell; conjugating a detectable label to the
peptide; administering the conjugated peptide and label to a patient; and detecting
binding of the conjugate to tumor cells by suitable detection means. In a specific
embodiment the binding further comprises uptake by said tumor cells. In another
specific embodiment the label 1s a radionucleotide, a fluor or a spin label. In an
additional specific embodiment the administering 1s by intravenous injection,
intratumoral injection, subcutaneous injection, intraperitoneal injection or topical
administration. In a specific embodiment the administering 1s by local, regional or
systemic administering. In an additional embodiment the detection 1s by magnetic

resonance 1maging, x-ray imaging or computerized emission tomography.

In accordance with other objects of the present invention there is provided a
method for detecting a tumor in vitro comprising obtaining a peptide comprising SEQ
ID NO:1, wherein said peptide targets the tumor; conjugating a detectable label to the
peptide; contacting the conjugated peptide and label to the tumor-containing sample;
and detecting binding of the conjugate to the tumor by suitable detection means. In a
specific embodiment the binding further comprises uptake by cells of the tumor. In a
specific embodiment the label is a radionucleotide, a fluor or a spin label. In another
embodiment the detection 1s by nuclear magnetic resonance 1maging, x-ray imaging,

computerized emission tomography or positron emission tomography.
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In accordance with another object of the present invention there 1s provided a
tumor-detection kit comprising, in suitable container means, a pharmaceutical
composition of a peptide comprising SEQ ID NO:1. In a further specific embodiment
there: is a tumor-detection kit comprising, 1n suitable container means, a
pharmaceutical composition of a peptide comprising SEQ ID NO:1 bound to a

detectable label, wherein said peptide targets a tumor cell. In another specific

embodiment there is a tumor-detection kit comprising, in suitable container means a

pharmaceutical composition of a peptide comprising SEQ ID NO:1 bound to a
detectable label, wherein the peptide targets a tumor cell; and a suitable means for
detection. In a specific embodiment the detectable label is detectable by non-invasive
means. In another specific embodiment the detectable label 1s a spin—labeled
molecule. In an additional specific embodiment the detectable label 1s a radioactive
isotope. In an additional specific embddiment the detection means 1s by nuclear
magnetic resonance imaging, x-ray imaging, computerized emission tomography, or

positron emission tomography.

In accordance with another aspect of the present invention there 1s provided a
tumor-imaging kit comprising, in a suitable container means, an effective amount of a
pharmaceutically acceptable formulation comprising a peptide comprising SEQ ID
NO:1, wherein said peptide targets a tumor cell. In a specific embodiment the tumor-
imaging kit comprises, in a suitable container means, an effective amount of a
pharmaceutically acceptable formulation comprising a peptide comprising SEQ ID
NO:1, wherein said peptide targets a tumor cell and wherein said peptide is bound to a
detectable label. In a further specific embodiment the tumor-imaging kit comprises,
in suitable container means, an effective amount of a pharmaceutically acceptable
formulation comprising a peptide comprising SEQ ID NO:1, wherein the peptide
targets a tumor cell and wherein the peptide 1s further bound to a detectable label; and
a suitable means for detecting said detectable label. In a specific embodiment the
detectable label is imaged by non-invasive means. In another specific embodiment
the detectable label is a spin-labeled molecule. In a further specific embodiment the
detectable label is a radioactive isotope. In a specific embodiment the detection
means 1s by nuclear magnetic resonance imaging, x-ray imaging, computerized

emission tomography or positron emission tomography.
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In accordance with an object of the present invention there is a method for
killing a tumor cell comprising administering to a patient radiotherapy; and a
pharmaceutically acceptable composition comprising an anti-tumor compound
conjugated to a peptide that targets said tumor cell, wherein said peptide 1s
internalized by said tumor cell. In a specific embodiment the peptide comprises SEQ
ID NO:1. In an additional embodiment the radiotherapy is administered whole body,
local, or regional. In an additional specific embodiment the radiotherapy 1is
radioisotopic irradiation, y-irradiation, X-ray irradiation, UV-irradiation, microwave
irradiation or electronic mrradiation. In a specific embodiment the patient 1s
administered about 40 to about 100 Gy radiation. In another specific embodiment the
patient 1s administered about 55 to about 65 Gy radiation. In an additional specific
embodiment the patient is administered 62 Gy radiation. In a specific embodiment

the tumor cell is selected from the group consisting of squamous cell carcinoma, head

and neck cancer and breast cancer.

In accordance with an object of the present invention there 1s provided a
method for killing a tumor cell comprising administering to a patient chemotherapy;
and a pharmaceutically acceptable composition comprising an anti-tumor compound

conjugated to a peptide that targets said tumor cell, wherein said peptide 1s

internalized by said tumor cell.

In accordance with an object of the present invention there 1s provided a
method for killing a tumor cell comprising administering to a patient chemotherapy;
and a pharmaceutically acceptable composition comprising a liposome hnked to a
peptide that targets said tumor cell, wherein said liposome comprises an anti-tumor

compound, and wherein said peptide 1s internalized by said tumor cell.

In accordance with another object of the present invention there 1s provided a
method for killing a tumor cell comprising administering to a patient surgery; and a
pharmaceutically acceptable composition comprising an anti-tumor compound

conjugated to a peptide that targets said tumor cell, wherein said peptide is

internalized by said tumor cell.
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In accordance with another object of the present invention there 1s a method
for killing a tumor cell comprising administering to a patient gene therapy; and a
pharmaceutically acceptable composition comprising an anti-tumor compound
conjugated to a peptide that targets said tumor cell, wherein said peptide 1s
internalized by said tumor cell. In a specific embodiment the gene therapy 1s directed
to a nucleic acid sequence selected from the group consisting of ras ; myc, raf, erb,
src, fms, jun, trk, ret, gsp, hst, bcl abl, Rb, CF1TR, pl6, p21, p27, p53, pS7, p73, C-
CAM, APC, CTS-1, zacl, scFV ras, DCC, NF-1, NF-2, WT-1, MEN-I, MEN-II,
BRCA1, VHL, MMACI1, FCC, MCC, BRCA2, IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-
7, IL-8, IL-9, IL-10, 1L-11 IL-12, GM-CSF G-CSF and thymidine kinase.

In accordance with an additional object of the present invention there 1s a
tumor-treating kit in suitable container means comprising a therapeutically effective
amount of a pharmaceutically acceptable formulation comprising a peptide
comprising SEQ ID NO:1, wherein said peptide targets a tumor cell. In a specific
embodiment the tumor-treating kit 1n suitable container means comprises a
therapeutically effective amount of a pharmaceutically acceptable formulation
comprisiﬁg a peptide comprising SEQ ID NO:1, wherein said peptide targets a tumor
cell and an anti-tumor compound. In a specific embodiment the anti-tumor compound
is Taxol. In another specific embodiment the anti-tumor compound is selected from
the group consisting of cisplatin (CDDP), carboplatin, procarbazine,
mechlorethamine, cyclophosphamide, 1fosfamide, melphalan, chlorambucil, bisulfan,
nitrosurea, dactinomycin, daunorubicin, doxorubicin, bleomycin, plicomycin,
mitomycin, etoposide (VP16), tamoxifen, transplatinum, S5-fluorouracil, vincristin,

vinblastin and methotrexate.

In accordance with another object of the present invention there is a
composition comprising a peptide comprising SEQ ID NO:1, wherein said peptide
targets a tumor cell; and a vector comprising a composition for gene therapy. In a
specific embodiment the vector is selected from the group consisting of a protein, a
pephide, a liposome, a lipid, a nucleic acid and a combination thereof. In a specific
embodiment the composition for gene therapy comprises a nucleic acid. In an
additional specific embodiment the composition for gene therapy comprises a p33

nucleic acid. In a further specific embodiment the composition for gene therapy
10
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comprises a nucleic acid selected from the group consisting of ras, myc, raf, erb, src,
fms, jun, trk, ret, gsp, hst, bcl abl, Rb, CFTR, pl6, p21, p27, p53, p57, p73, C—-CAM,
APC, CTS-1, zacl, scFV ras, DCC, NF-1, NF-2, WT-1, MEN-1, MEN-1I, BRCAL1,
VHL, MMACI, FCC, MCC, BRCA2, IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-§,
IL-9, IL-10, IL-11 IL-12, GM-CSF G-CSF and thymidine kinase.

In accordance with another object of the present invention there 1s provided a
method to treat an organism for cancer comprising contacting said organism with a
therapeutically effective amount of a pharmaceutically acceptable composition
comprising a peptide comprising SEQ ID NO:1, wherein said peptide targets a tumor
cell; and an antitumor compound. In a specific embodiment the antitumor compound
is conjugated to said peptide. In another specific embodiment the antitumor
compound is Taxol. In a further specific embodiment the antitumor compound 1s
selected from the group comsisting of cisplatin (CDDP), carboplatin, procarbazine,
mechlorethamine, cyclophosphamide, ifosfamide, melphalan, chlorambucil, bisulfan,
nitrosurea, dactinomycin, daunorubicin, doxorubicin, bleomycin, plicomycin,
mitomycin, etoposide (VP16), tamoxifen, transplatinum, S-fluorouracil, vincristin,
vinblastin and methotrexate. In a specific embodiment the cancer 1s selected from the

group consisting of squamous cell carcinoma, head and neck cancer and breast cancer.

In accordance with an additional object of the present invention there is
provided a method for the isolation of an internalizing peptide comprising the steps of
obtaining a peptide library; individually contacting peptides of said library with
members of a cell population; and assaying for endocytosis of said peptides by said
members of said cell population. In a specific embodiment the peptide library 1s a
random peptide-display library. In a specific embodiment the peptide library 1s a M 13
single-stranded bacteriophage-based random peptide-display library. In a specific

embodiment the cell 1s a cancer cell.

In another embodiment of the present invention there is a method for detecting
cancer comprising the steps of obtaining an internalizing peptide; conjugating a
detectable label to said peptide; administering the conjugated peptide and label to an

organism; and detecting binding of said conjugate to cancer cells by suitable detection

means.
11
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In an additional embodiment of the present invention there is a method for
detecting cancer comprising the steps of obtaining :a peptide library; individually
contacting peptides of said library with members of a cell population; assaying for
endocytosis of said peptides by said members of said cell population to identify an
internalizing peptide; conjugating a detectable label to said peptide; administering the
conjugated peptide and label to an organism; and detecting binding of said conjugate

to a cell by suitable detection means.

The inventors envision that this will allow one to provide the necessary dose
of a drug to destroy tumors without being restricted by the occurrence of harmful side
effects to other cells. The potential for HN-1 as a shuttle for drug delivery 1s further
strengthened by the fact that 1t 1s nontoxic, nonimmuno genic, stable in vivo (shown by
detecting intact peptide in blood 24h after injection), protects its cargo during transit,

and accumulates sufficiently in a tumor or tumors within 48 hours.

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings form part of the present specification and are included
to further demonstrate certain aspects of the present invention. The invention may be
better understood by reference to one or more of these drawings in combination with

the detailed description of specific embodiments presented herein.

FIG. 1A through 1F show internalization of HN-1. FIG. 1A through 1C and

IF show fluorescence microscopy, wherein Nomarsky optics of the corresponding
views are shown in 1A, 1B and 1F. FIG. 1A demonstrates MDA177Tu cells were
incubated with the indicated agent. In FIG. 1B through 1F peptide incubation was
performed as in FIG. 1A. FIG. 1B shows indicated cells which were incubated with
FITC-HN-1. FIG. 1C demonstrates MDA177Tu cells which were incubated with the
indicated agent. FIG. 1D illustrates a protease protection assay. FITC-HN-1
incubated MDA177Tu cells (lanes 4-7) were treated as indicated, electrophoresed,
and viewed as described in Examples. FIG. 1E illustrates subcellular fractionation.

MDA177Tu cells incubated with FITC-HN-1 were separated into nuclear (lane 2),
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cytoplasmic (lane 3) and cell membrane (lane 4) fractions, electrophoresed, and
viewed. Equivalent amounts of each fraction were loaded. FIG. 1F shows a
competition assay. MDA177Tu cells were incubated with FITC-HN-1 in the presence

of excess unlabeled specific competitor (SP) or a nonspecific competitor (NSP). (Bar

size, 58 um for (FIG. 1A); 38 um for (FIG. 1B); 14 um for (FIG. 1C); 29 um for
(FIG. 1F))

FIG. 2 demonstrates HN-1 binds to primary HNSCC. Histological sections

(containing tumor and the corresponding normal tissue) of a human head and neck
squamous cell cancer biopsy sample were incubated with the imndicated agent and
viewed by fluorescence microscopy, as described i Examples. The data shown
represent the results of three independent experiments. The inset indicates amplified

views of tumor cells. (Bar=21 um)

FIG. 3A through 3C illustrate that HN-1 Jocalizes to HNSCC cell-derived
xenograft in vivo. FIG. 3A Cryostat section of MDA177Tu- or DU145-derived

xenograft resected from a mouse treated with the indicated agent. Hemotoxylin and
cosin (H&E) stamming of a representative tumor i1s shown. FIG. 3B shows
clectrophoretic analysis. Electrophoretic analysis. Tumor or normal tissue extract
from a mouse harboring MDA167Tu-derived xenograft that was treated as indicated.
FI1G. 3C demonstrates fluorescence microscopy of various normal tissues from a
mouse with MDA177Tu-derived xenograft that was treated with FITC-HN-1. H&E
staining of the corresponding views are shown. In all experiments, animals were

treated with the indicated agent for 48h. (Bar (um) = 92 (a), 48 (c¢))

FIG. 4A through 4B demonstrate HN-1 filtrates tumor tissue in vivo.

Histological sections were prepared from the middle part of a MDA177Tu-derived
HNSCC xenograft resected from a mouse that had been treated with FITC-HN-1 as

described 1n FIG. 3A. FIG. 4A shows a schematic representation of the region shown
in FIG. 4B. The tumor shown 1s identical to that shown in FIG. 3A (panel 6). FIG.
4B demonstrates H&E stamning (panels 1, 2, 13 (montage)). Fluorescence

micrographs are shown in panels 3-12. Panel 2 1s an amplified view of boxed region
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in Panel 1. Panel 3 is a fluorescence micrograph of adjacent section corresponding to

panel 2. (Bar (um)= 78 (panel 1); 48 (panel 2-12); 240 (panel 13)).

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

The present mvention 1s directed toward utilization of an amino acid SEQ ID
NO:1 conjugated to a compound for delivery of the conjugated complex to a tumor.
The ability of this peptide permits targeting anti-cancer drugs to tumors, such as head
and neck squamous carcinomas and breast cancer. In other specific embodiments the
peptide facilitates imaging and diagnosis of cancer cells through conjugation to

detectable labels and subsequent delivery to tumor tissue in a patient.

The following definitions are provided:

The term “apoptotic agent” as used herein 1s defined as a drug, toxin,
compound, composition or biological entity which bestows apoptosis, or programmed
cell death, onto a cell. In a specific embodiment the cell is a tumor cell. In another
embodiment the tumor cell is a head and neck cancer cell, a squamous cell carcinoma,

a brain tumor cell or a breast cancer cell.

The term “cancer” as used herein 1s defined as a tissue of uncontrolled growth

or proliferation of cells, such as a tumor. In a specific embodiment the tumor leads to

local invasion and metastasis.

The term “chemotherapeutic agent” as used herein i1s defined as a drug, toxin,

compound, composttion or biological entity which 1s used as treatment for cancer.

The term “conjugate” as used herein is defined as the tethering or binding of a
HN-1 peptide with another entity, such as a drug, composition, compound, or
detectable label. The conjugation 1s executed in a specific embodiment by a chemical
reaction associated with, for example, a thiol group or amine group of the HN-1
peptide and an activated group on the corresponding drug. A skilled artisan is aware

that the chemaical reaction would depend on what functional groups were present on
14
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HN-1 or its derivatives and what corresponding functional groups were present on the

drug.

The term “cytotoxic agent” as used herein 1s defined as a drug, toxin,
compound, composition or biological entity which 1s used to kill a cell. In a specific
embodiment the cell 1s a tumor cell. In another embodiment the tumor cell 1s a head

and neck cancer cell, a squamous cell carcinoma, or a breast cancer cell.

The term “delivery” as used herein is defined as the molecular conveyance
provided by a peptide or fragment of HN-1 for a compound to which 1t 1s bound or
conjugated to a tumor or tumor cell. The targeting may be directly to the tumor or
tumor cell upon administration or may be by indirect means or mechanisms. It 1s
within the scope of the term to permit the conjugate comprising the HN-1/compound
to follow an indirect path for eventually targeting the tumor or tumor cell, mcluding
binding for non-therapeutic purposes to other biological entities. The term “delivery”

as used heremn may be used mterchangeably with the term “targeting.”

The term “DNA-damaging agent” as used herein 1s a drug, toxin, compound,
composition or biological entity which damages nucleic acid. The damage may be of
any kind to the nucleic acid, for example, to break one or both strands of a DNA

double helix molecule or to cause mutation of one or more nucleotides.

The term “drug” as used herein 1s defined as a medicament or medicine which
1s used for the therapeutic treatment of a medical condition or disease. The drug may
be used mn combination with another drug or type of therapy and in a preferred

embodiment is effective for the treatment of cancer.

The term “head and neck cancer” as used herein is defined as any of a variety
of malignant tumors that may occur in the head and neck region: the oral cavity
(including the tissues of the lip or mouth such as the tongue, the gums, the lining of
the cheeks and lips, the bottom of the mouth, the hard and soft palate and the
retromolar trigone); the pharynx (including the hypopharynx, nasopharynx and
oropharynx) (also called the throat); paranasal sinuses (including the frontal sinuses

above the nose, the maxillary sinuses in the upper part of either side of the upper
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jawbone, the ethmoid sinuses just behind either side of the upper nose, and the

sphenoid sinus behind the ethmoid sinus 1n the center of the skull) and nasal cavity;
the larynx (or voicebox); thyroid gland (including cancers of the thyroid which are
papillary, follicular, medullary and anaplastic); parathyroid gland; salivary glands
(including the major clusters of salivary glands found below the tongue, on the sides
of the face just in front of the ears, and under the jawbone); lesions of the skin of the
face and neck and the cervical lymph nodes; and metastatic squamous neck cancer

with occult primary.

The term “internalizing” as used herein is defined as the uptake of at least part
of the HN-1 peptide or another peptide 1solated by similar means as described herein
into a tumor or mnto a tumor cell. Internalizing into a tumor cell means a part or all of
a peptide such as HN-1 is taken into the cell, which includes retention of part or all of
the peptide 1n or into the membrane of the cell. The internalizing may be fransient or

permanent.

The term “label” as used herein 1s defined as an entity bound or conjugated,
either directly or indirectly, to a HN-1 peptide which allows for detection of the
peptide. The label may be a fluorophore, a chromophore, a radioactive label or any

means to facilitate detection of the peptide.

The term “oral cancer” as used herein 1s defined as cancer of the oral cavity.

The term “oral cavity’ as used herein 1s defined as any of the tissues of the lip
or mouth such as the tongue, the gums, the lining of the cheeks and lips, the bottom of
the mouth, the hard and soft palate and the retromolar trigone (the region behind the

wisdom teeth).

The term “peptide” as used herein 1s defined as a chain of up to about 50

amino acids.

The term “pharmaceutically or pharmacologically acceptable” as used herein
refers to molecular entities and compositions that do not produce adverse, allergic, or

other untoward reactions when administered to an animal or a human.
16



CA 02414650 2002-12-23

WO 02/02147 PCT/US01/21518

10

15

20

25

30

The term “pharmaceutically acceptable carrier” as used herein includes any
and all solvents, dispersion media, coatings, antibacterial and antifungal agents,

1sotonic and absorption delaying agents and the like.

The term “recombinant vector” as used herein i1s defined as a means to transfer
a sequence comprising a nucleic acid encoding HN-1 or another internalizing peptide
into a cell. In specific embodiments a vector is a nucleic acid, an ammo acid, a
protein, a peptide, a lipid, a liposome, a carbohydrate, a sugar, a fatty acid, or a

combination thereof.

The term “specific,” as used herein, is defined in one embodiment as delivery
or targeting by an HN-1 peptide or another intemalizing peptide conjugated to an
antitumor compound to cancerous tissue. In a another embodiment, the term specitfic
means an HN-1 peptide or another internalizing peptide delivers or targets an
antitumor compound preferentially to cancerous tissue. In a yet another embodiment,
the term refers to delivery or targeting of cancerous tissue for an antitumor compound
in which a conjugate comprising an HN-1 peptide or another internalizing peptide
binds nothing else but the cancerous tissue. In one aspect of these embodiments, the
conjugate described herein may contact other biological entities during the process or

journey of delivery of the conjugate to a tumor.

The term “targets” as used herein is defined as the molecular direction
provided by a HN-1 peptide or fragment thereof for a compound to which 1t 1s bound
or conjugated to a tumor or tumor cell. The targeting may be directly to the tumor or
tumor cell upon administration or may be by indirect means or mechanisms. It 1s
within the scope of the term to permit the conjugate comprising the HN-1/compound
to follow an indirect path for eventually targeting the tumor or tumor cell, including

binding for non-therapeutic purposes to other biological entities.

The term “to treat” as used herein i1s defined as the practice of applying a
treatment for a medical condition or disease. The treatment need not provide a

complete cure and is considered effective if at least one symptom is improved upon or
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eradicated. Furthermore, the treatment need not provide a permanent improvement of

the disease state or medical condition, although this 1s preferable.

The term “tumor cell” as used herein 1s defined as a cell of a malignant mass,
such as a tumor or cancer. The cell may be located within the tumor, on the surface of

the tumor, or 1t may be associated with the tumor.

The present invention describes the identification of a peptide (HN-1), bearing
SEQ ID NO:1, that 1s specifically internalized by the human head and neck squamous
carcinoma cells or certain other solid tumor tissue cells, such as breast cancer cells.
The inventors envision the use of the HN-1 peptide to achieve tumor-tissue specific
delivery of diagnostics and anticancer drugs to cancerous tissue. Thus, in certain
embodiments of the invention, the inventors describe methods developed to conjugate
anticancer drugs with the HN-1 peptide and methods which allow delivery of the
peptide-conjugated drugs to specific tumor tissues. In other embodiments, the
inventors describe methods that can be used to achieve selective killing of cancer
and/or tumor cells 1n cancer patients by contacting the tumor with pharmaceuticaily
acceptable compositions of the HN-1 peptide and a drug conjugate. In yet other
embodiments, methods for imaging cancers using HN-1 peptide conjugated labels are
described for both in vitro and in vivo applications. Thus, the development of cancer

therapeutic and diagnostic kits are described.

In the past, antibodies recognizing tumor-specific antigens have been used to
deliver cytotoxic drugs to tumors. However, these immunoconjugates have shown
limited effectiveness towards solid tumors due to thewr inability to penetrate tumor

tissue. In contrast, the 12-mer peptide (HN-1) that the inventors have 1solated is

1/100th in mass when compared to typical antibodies and is capable of penetrating
tumors such as human head and neck squamous cell cancer (HNSCC) xenogralft,
formed in nude mice. Thus, by conjugating the HN-1 peptide to drugs, the inventors

have developed a tumor-specific delivery system for drugs in systemic deposits of

cancer cells.
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The inventors screened a random-peptide display library (described in the
Examples), containing >10’ random peptides and isolated the HN-1 peptide that is
specific to the human head and neck squamous cell cancers (HNSCC). Through
fluorescence microscopy, the internalization of fluorescent dye-conjugated HN-1
peptide into HNSCC cells was documented in vitro. The peptide localized 1n
cytoplasm after entry. This was further confirmed by electrophoretic analysis of
subcellular fractions of peptide-incubated cell lysate. A limited uptake of the HN-1
peptide occurred 1 human oral keratinocytes (HPV mmmortalized). Taken together,
this demonstrates that the peptide 1s specific for certain cancers. Furthermore, the
HN-1 peptide bound preferentially to HNSCC cells as compared to normal cells at the
primary cell level. In vivo, mtravenously injected HN-1 peptide localized to HNSCC
xenograft formed 1 nude mice. The peptide accumulated i the cytoplasm

throughout the tumor, demonstrating its ability to penetrate the mterior of the tumor

Mass.

To mmmic drug delivery, HN-1 was conjugated to fluorescein, a complex
organic molecule with ~44% molecular mass of Taxol. After intravenous
administration, FITC-conjugated HN-1 localized to human head and neck cancer cell-
derived xenografts. The peptide was found throughout the tumor, demonstrating its

capacity to infiltrate tumor tissue carrying a conjugated compound.

In a preferred embodiment of the present invention a HN-1 peptide is
conjugated or bound to an anfitumor drug such as Taxol. The antitumor drug is
generally hydrophobic enough to permit diffusion across tumor cell membrane,
although it 1s within the scope of the invention for the HN-1 peptide to target the drug

to a tumor cell and allow translocation or internalization of the anti-tumor drug by

other means.

Although the art describes certain peptides that have previously been used to
deliver cytotoxic drugs into solid tumors, none of the peptides are tumor-specific.
One type includes high molecular weight cationic polymers such as poly-L-lysine
(Wu et al., 1987) that are selectively retained by the tumors due to the leaky tumor
vasculature and the other type includes peptides that bind selectively to tumor

vasculature, allowing the destruction of angiogenic endothelial vessels necessary for
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tumor growth. However, as tumors smaller than 1 mm in diameter can persist through
nutrients obtained from adjacent normal blood vessels (Folkman, 1990), the task of
eliminating these smaller tumors still remains. The current invention resolves these
problems by providing a tumor specific peptide, HN-1, that is capable of penetrating
and/or being uptaken by solid tumors. The invention is directed to the coupling of an
HN-1 peptide to anticancer drugs, which when administered to an animal, provide
tumor-specific targeting of the anticancer drug and therefore provide an effective

anticancer therapy.

The mmventors envision that this will allow one to provide the necessary dose
of a drug to destroy tumors without being restricted by the occurrence of harmful side
effects to other cells. The potential for HN-1 as a shuttle for drug delivery is further
strengthened by the fact that it 1s nontoxic, nonimmunogenic, stable in vivo (shown by
detecting intact peptide 1n blood 24h after injection), protects its cargo during transit,

and accumulates sufficiently in a tumor within 48 hours.

1. Peptides
A. HN1

The inventors contemplate the use of HN-1 for the diagnosis and treatment of
head and neck cancers. It also 1s contemplated that HN-1 may be used for the

treatment of other solid tumors such as breast cancers and bram tumors.

Thus, m one embodiment, the mventors conjugate Taxol, the most potent
chemotherapeutic for treating HNSCC (Shin ef al., 1998) and breast cancers, to HN-

1. In other embodiments, HN-1 is conjugated to other chemotherapeutic agents.
In other embodiments there are several uses of HN-1 which include but are not
limited to use in tumor 1maging, tumor diagnosis, and providing tumor-specificity to

gene transfer approaches (Clayman et al., 1995).

In one embodiment of the present invention there 1s a peptide that targets a

tumor cell, and 1n a specific embodiment 1s internalized by the tumor cell. An object

20



CA 02414650 2002-12-23

WO 02/02147 PCT/US01/21518

10

15

20

25

30

of the present invention 1s a peptide comprising or consisting of SEQ ID NO:1. Ina
preferred embodiment of the present invention there 1s internalization of the peptide,
although 1t 1s within the scope of the present invention to utilize a HN-1 peptide or
another internalizing peptide to target through direct or indirect means or mechanisms

an anti-cancer drug to a tumor.

In an object of the present invention there 1s a composition comprising a drug
and a HN-1 peptide which targets a tumor cell and in a specific embodiment becomes
internalized by said tumor cell. In specific embodiments the drug 1s a
chemotherapeutic agent, a cytotoxic agent, an apoptotic agent, a DNA-damaging
agent, or Taxol. In a specific embodiment the drug 1s cisplatin (CDDP), carboplatin,
procarbazine, mechlorethamine, cyclophosphamide, ifosfamide, melphalan,
chlorambucil, bisulfan, mnitrosurea, dactinomycin, daunorubicin, doxorubicin,
bleomycin, plicomycin, mitomycin, etoposide (VP16), tamoxifen, transplatinum,

5-fluorouracil, vincristin, vinblastin or methotrexate.

B. Variants of HN-1

Amino acid sequence variants of HN-1 also are encompassed by the present
mvention. Amino acid sequence variants of the polypeptide can be substitutional

variants or insertional variants.

Insertional mutants typically mnvolve the addition of material at a non-terminal
point in the peptide. This may include the insertion of a few residues; an
immunoreactive epitope; or simply a single residue. The added material may be
modified, such as by methylation, acetylation, and the like. Alternatively, additional

residues may be added to the N-terminal or C-terminal ends of the peptide.

Substitutional variants typically contain the exchange of one amino acid for
another at one or more sites within the peptide, and may be designed to modulate one
or more properties of the peptide, such as stability against proteolytic cleavage,
without the loss of other functions or properties. Substitutions of this kind preierably
are conservative, that is, one amino acid 1s replaced with one of similar shape and

charge. Conservative substitutions are well known 1n the art and include, for
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example, the changes of: alanine to serine; arginine to lysine; asparagine to glutamine
or histidine; aspartate to glutamate; cysteine to serine; glutamine to asparagine;
glutamate to aspartate; glycine to proline; histidine to asparagine or glutamine;
1soleucine to leucine or valine; leucine to valine or i1soleucine; lysine to arginine;
methionine to leucine or isoleucine; phenylalanine to tyrosine, leucine or methionine;
serine to threonine; threonine to serine; tryptophan to tyrosine; tyrosine to tryptophan

or phenylalanine; and valine to 1soleucine or leucine.

The following 1s a discussion based upon changing of the amino acids of a
peptide to create an equivalent, or even an improved, second-generation molecule.
For example, certain amino acids may be substituted for other amino acids in a
peptide/protein structure without appreciable loss of interactive binding capacity with
structures such as, for example, binding sites on substrate molecules or antigen-
binding regions of antibodies. Since 1t 1s the interactive capacity and nature of a
peptide/protein that defines that peptide/protein's biological functional activity, certain
amino acid substitutions can be made in a peptide/protein sequence, and 1iis
underlying DNA coding sequence, and nevertheless obtain a protein with like
properties. It 1s thus contemplated that various changes may be made in the DNA
sequences of genes without appreciable loss of their biological utility or activity, as
discussed below. Furthermore, the amino acids of the present invention may contain

alterations such as methylation, acetylation, myristilation, and the like.

In making such changes, the hydropathic index of amino acids may be
considered. The importance of the hydropathic amino acid index in conferring
interactive biologic function on a peptide/protein 1s generally understood in the art
(Kyte and Doolittle, 1982). It 1s accepted that the relative hydropathic character of the
amino acid contributes to the secondary structure of the resultant peptide/protein,
which in turn defines the interaction of the peptide/protein with other molecules, for

example, enzymes, substrates, receptors, DNA, antibodies, antigens, and the like.

Each amino acid has been assigned a hydropathic index on the basis of their
hydrophobicity and charge characteristics (Kyte and Doolittle, 1982), these are:
1soleucine (+4.5); valine (+4.2); leucine (+3.8); phenylalanine (+2.8); cysteine/cystine

(+2.5); methionine (+1.9); alanine (+1.8); glycine (-0.4); threonine (-0.7); serine
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(-0.8); tryptophan (-0.9); tyrosine (-1.3); proline (-1.6); histidine (-3.2); glutamate
(-3.5); glutamine (-3.5); aspartate (-3.5); asparagine (-3.5); lysine (-3.9); and arginine
(-4.5).

It 1s known 1n the art that certain amino acids may be substituted by other
amino acids having a similar hydropathic index or score and still result m a
peptide/protein with similar biological activity, i.e., still obtain a biological

functionally equivalent peptide/protein. In making such changes, the substitution of

amino acids whose hydropathic indices are within £2 1s preferred, those which are

within £1 are particularly preferred, and those within £0.5 are even more particularly

preferred.

It also 1s understood 1n the art that the substitution of like amino acids can be
made effectively on the basis of hydrophilicity. U.S. Patent 4,554,101, mcorporated
herein by reference, states that the greatest local average hydrophilicity of a protein,
as governed by the hydrophilicity of 1ts adjacent amino acids, correlates with a
biological property of the protein. As detailed in U.S. Patent 4,554,101, the following

hydrophilicity values have been assigned to amino acid residues: arginine (+3.0);

lysine (+3.0); aspartate (+3.0 £ 1); glutamate (+3.0 £ 1); serine (+0.3); asparagine

(+0.2); glutamine (+0.2); glycine (0); threomine (-0.4); proline (-0.5 + 1); alanmine
(-0.5); histidine (-0.5); cysteine (-1.0); methionine (-1.3); valine (-1.5); leucine (-1.8);
1soleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan (-3.4).

It is understood that an amino acid can be substituted for another having a
similar hydrophilicity value and still obtain a biologically equivalent and

immunologically equivalent protein. In such changes, the substitution of amino acids

whose hydrophilicity values are within +2 1s preferred, those that are within =1 are

particularly preferred, and those within +0.5 are even more particularly preferred.

As outlined above, amino acid substitutions are generally based on the relative
similarity of the amino acid side-chain substituents, for example, their
hydrophobicity, hydrophilicity, charge, size, and the like. Exemplary substitutions
that take various of the foregoing characteristics into consideration are well known to

those of skill in the art and include: arginine and lysine; glutamate and aspartate;
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serine and threonine; glutamine and asparagine; and valine, leucine and isoleucine.
However, alterations to the amino acids of the present invention may be other than
conservative and still within the scope of the present invention so long as the peptides

still retain the function to target tumor cells.

Another embodiment for the preparation of peptides according to the invention
1s the use of peptide mimetics. Mimetics are peptide-containing molecules that mimic
elements of protein secondary structure. See, for example, Johnson ef al., 1993. The
underlying rationale behind the use of peptide mimetics 1s that the peptide backbone
of proteins exists chiefly to orient amino acid side chains 1n such a way as to facilitate
molecular interactions, such as those of antibody and antigen. A peptide mimetic 1s
expected to permit molecular interactions similar to the natural molecule. These
principles may be used, in conjunction with the principles outline above, to engineer
second generation molecules having many of the natural properties of HN-1, but with
altered and even improved characteristics. For example, substitution of amino acids
to generate motifs that have stronger binding to tumor cells; or that can be specifically
tailor-made to bind different types of tumor cells can allow the generation of more

HN-1 related peptides, each different for a different tumor-type.

In an embodiment of the present invention there are additional means
associated with a peptide comprising HN-1 or a fragment or derivative thereof which
facilitate transduction or internalization of the peptide-antitumor composition
conjugate to a tumor cell. In a specific embodiment, a protein transduction domain 1s
also bound, conjugated, or otherwise associated with a HN-1/anti-tumor composition
conjugate. In another specific embodiment the protein transduction domain is the
HIV TAT protein (Schwarze et al., 1999), and the addition of the protein transduction
domain facilitates delivery to a tumor cell, including a brain tumor cell as this domain
permits crossing of the blood-brain barrier. Thus, in this embodiment of the present
ivention, although the protein transduction domain facilitates delivery to any tissue,
the HN-1 peptide of the present invention directs the entire complex specifically to a
tumor cell such as a head and neck cancer cell, a breast cancer cell or a brain cancer
cell, and the protein transduction domain 1s primarily an auxiliary means to facilitate
that delivery and transduction of the antitumor drug complex. Other protein

transduction domains are within the scope of the invention and are known 1n the art.
24



CA 02414650 2002-12-23

WO 02/02147 PCT/US01/21518

10

15

20

25

30

A skilled artisan is aware that one could easily screen or test a variant to
determine whether the variant still retained tumor targeting properties. That 1s, in
accordance with the methods provided herein such as in the Examples, a HN-1
peptide variant or other internalizing peptide variant may be conjugated to a
detectable label, introduced to a cell, and assayed for internalization by the cell. The
assay method 1 a preferred embodiment 1s fluorescence microscopy, although a
skilled artisan 1s aware that the assay method should be used in accordance with the
type of label utilized. In addition or alternative to this in vitro method, an in vivo
internalization assay may be used. For example, the variant conjugated to a
detectable label 1s introduced 1nto an animal, such as a nude mouse harboring a tumor
or cancerous tissue, and tumor tissue of the animal 1s assayed for detection of the
label. A skilled artisan may use other methods known 1n the art or variations of these

methods to test for targeting of an internalizing peptide, such as HN-1, to a cell.

C. Synthetic Peptides

The present mnvention describes HN-1, HN-1-related peptides, and other
cancer-cell specific peptides for use in various embodiments of the present mvention.
These peptides have the ability to be specifically uptaken by cancer/tumor cells and
not by normal cells. The HN-1 peptide is a 12-mer. However, one can add other
sequences to the 12 mer peptide. Also contemplated are other variants and HN-1
related peptides that still retain the ability to translocate through the tumor cell
membranes. Such peptides can generally comprise the entire HN-1 sequence, or
portions thereof, and be at least four, five, six, seven, eight, nine, ten, eleven, twelve,
thirteen, fourteen, fifieen, sixteen, seventeen, eighteen, nineteen, twenty, twenty one,
twenty two, twenty three, twenty four, twenty five amino acid residues in length, and
may be 5-10, 10-15, 15-20, 20-25, 25-30, 30-35, 35-40, 40-45 or even 55-50 residues

or so long.

Because of their relatively small size, the peptides of the invention can also be
synthesized in solution or on a solid support i accordance with conventional
techniques. Various automatic synthesizers are commercially available and can be

used in accordance with known protocols. See, for example, Stewart and Young,
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(1984); Tam et al., (1983); Merrifield, (1986); and Barany and Merrifield (1979),
each mmcorporated herein by reference. Short peptide sequences, or libraries of
overlapping peptides, usually from about 6 up to about 35 to 50 amino acids, which
correspond to the selected regions described herein, can be readily synthesized and

then screened in screening assays designed to 1identify reactive peptides.

D. Conjugating Methods

In an embodiment of the present invention, an antitumor compound is
conjugated to a HN-1 peptide for methods to kill a cancer cell. In another
embodiment of the present invention, a detectable label is conjugated to a HN-1
peptide for diagnostic and imaging methods directed to a cancer cell. In a specific
embodiment the label 1s visualized directly. In another embodiment the label 1s

visualized by a secondary means, such as visualization of a second biological entity

: which detects the label.

In an object of the present invention a HN-1 peptide 1s conjugated to an
antitumor drug or composition. In a specific embodiment the peptide 1s conjugated to
a liposome which contains an antitumor drug or composition. Conjugation means
such as those taught by Bauminger and Wilchek (1980) or Nagy et al. (1996), both
herein mcorporated by reference, are well known in the art. In an embodiment of the
present invention, an antitumor drug or composition 1s conjugated by a carbodiimide.
In a specific embodiment of the present invention, an antifumor drug such as
doxorubicin 1s conjugated by 1-ethyl-3-(3-dimethyl-aminopropyl) carbodiimide
hydrochloride (EDC) and N-hydroxysuccinimide (NHS), as taught in such references
as Arap et al. (1999). Alternatively, a HN-1 peptide is conjugated to an antitumor
drug using the method of Brown ef al. (1995), which utilizes a Ni(II) complex of a
tripeptide NH,-Gly-Gly-His-COOH (SEQ ID NO:2) in the presence of oxidants such

as oxone and monoperoxyphthalic acid.
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E. Conjugates

Conjugates for labeling a HN-1 peptide for the purpose of detecting or
imaging a cancer cell include radiolabels, nuclear magnetic spin-resonance 1sotopes,
fluorescent labels and enzyme tags capable of generating a colored product upon
contact with an appropriate substrate. In a specific embodiment, a fluorophore such
as FITC or Texas Red fluorescent dye 1s utilized 1n methods of the invention. Other
fluorophores include: fluorescein, fluorecein diacetate, 5-(and 6)-carboxyfluorescein
mixed isomers, 5-carboxyfluorescein single isomer, 6-carboxyiluorescein single
isomer, 5-(and 6)-carboxyfluorescein diacetate mixed i1somers, 5-carboxyfluorescein
diacetate single isomer, 6-carboxyfluorescein diacetate single isomer, S-(and 6)-
carboxyfluorescein succinimidyl ester mixed isomers, 5-carboxyfluorescein
succinimidyl ester single isomer, 6-carboxyfluorescein succinimidyl ester single
isomer, 5-(and 6)-carboxyfluorescein diacetate succinimidyl ester mixed 1somers, 5-
carboxyfluorescein diacetate succinimidyl ester single isomer, 6-carboxyfluorescein
diacetate succimimidyl ester single isomer, 5-(and 6)-carboxy-tetraethylrhodamine
mixed isomers, 5- carboxy-tetraethylrhodamine single 1somer, 5-(and 6)-carboxy-
tetraethylrhodamine succimimidyl  ester  muxed — 1Somers, S-carboxy-
tetraethylrhodamine succinimidyl ester single isomer, 6-carboxy-tetraecthylrhodamine
succinimidyl ester single isomer, 5-(and 6)-carboxy-2i,7i-dichlorofluorescein mixed
isomers, 5-(and 6)-carboxy-2i,7i-dichlorofluorescein diacetate(carboxy-DCFDA)
mixed isomers, 5-(and 6)-carboxy-2i,7i-dichlorofluorescein diacetate, succinimidyl
ester mixed 1somers, Alexa fluor 488 dye, Oregon green 488 dye, rhodamine green,
orange- and red-fluorescent Alexa fluor dyes, tetramethylrhodamine, lissamine
rhodamine B, rhodamine red-X dyes, X-rhodamine, Texas Red-X dyes,
naphthofluorescein, LaserPro IR 790, QSY-7 dyes, nonfluorescent malachite green
and isosulfan blue, cascade blue dye, coumarin derivatives, naphthalenes, pyrenes,
cascade yellow dye, dapoxyl dye, fluorescamine, dialdehydes, such as OPA and
NDA, ATTO-TAG reagents, 7-nitrobenz-2-oxa-1,3~diazole (NBD) derivatives, dansyl
chloride and other sulfonyl chlorides, succinimidyl esters and carboxylic acids. Other

conjugates known 1n the art may also be utilized.
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2. Nucleic acids

In another embodiment of the present invention there 1s a DNA segment which
encodes SEQ ID NO:1 or a DNA segment comprising a nucleic acid that encodes
SEQ ID NO:1. A skilled artisan 1s aware that multiple codons in the standard genetic
code (available in any standard biochemistry or molecular biology textbook known in
the art) may encode a particular amino acid of the peptide. However, the third
“wobble” position of a codon can be two to four nucleotides of a nucleic acid,
depending on the codon, and still encode a particular amino acid. The relatively short
length of the HN-1 peptide, being a 12-mer, and the consistency of the first two codon
positions of the codons for the amino acids of HN-1 dictates that the number of DNA

- segments which encode a HN-1 peptide 1s relatively small.

In another embodiment there is a recombinant vector comprising a DNA
segment encoding a HN-1 peptide. The term “vector’” is used to refer to a carrer
nucleic acid molecule into which a nucleic acid sequence can be inserted for
introduction into a cell where 1t can be replicated. A nucleic acid sequence can be
“exogenous,” which means that 1t 1s foreign to the cell mto which the vector 1s being
introduced or that the sequence 1s homologous to a sequence i the cell but in a
position within the host cell nucleic acid in which the sequence 1s ordinarily not
found. Vectors include plasmids, cosmids, viruses (bacteriophage, animal viruses,
and plant viruses), and artificial chromosomes (e.g., YACs). One of skill in the art
would be well equipped to comstruct a vector through standard recombinant
techniques, which are described i Sambrook ef al., 1988 and Ausubel ef al., 1994,

both incorporated herein by reference.

The term “expression vector’ refers to a vector containing a nucleic acid
sequence coding for at least part of a gene product capable of being transcribed. In
some cases, RNA molecules are then translated into a protein, polypeptide, or peptide.
In other cases, these sequences are not translated, for example, in the production ot
antisense molecules or ribozymes. Expression vectors can contain a variety of
“control sequences,” which refer to nucleic acid sequences necessary for the
transcription and possibly translation of an operably linked coding sequence in a

particular host organism. In addition to control sequences that govern transcription
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and translation, vectors and expression vectors may contain nucleic acid sequences

that serve other functions as well and are described infra.

A. Promoters and Enhancers

A “promoter” is a control sequence that 1s a region of a nucleic acid sequence

at which initiation and rate of transcription are controlled. It may contain genetic

elements at which regulatory proteins and molecules may bind such as RNA

polymerase and other transcription factors. The phrases “operatively positioned,”
“operatively linked,” “under control,” and “under transcriptional control” mean that a
promoter is in a correct functional location and/or orientation in relation to a nucleic
acid sequence to control transcriptional initiation and/or expression of that sequence.
A promoter may or may not be used in conjunction with an “enhancer,” which refers

to a cis-acting regulatory sequence involved in the transcriptional activation of a

nucleic acid sequence.

A promoter may be one naturally associated with a gene or sequence, as may
be obtained by isolating the 5’ non-coding sequences located upstream of the coding

segment and/or exon. Such a promoter can be referred to as “endogenous.”
Similarly, an enhancer may be one naturally associated with a nucleic acid sequence,
located either downstream or upstream of that sequence. Alternatively, certain
advantages will be gained by positioning the coding nucleic acid segment under the
control of a recombinant or heterologous promoter, which refers to a promoter that 1s
not normally associated with a nucleic acid sequence 1n its natural environment. A
recombinant or heterologous enhancer refers also to an enhancer not normally
associated with a nucleic acid sequence in its natural environment. Such promoters or
enhancers may include promoters or enhancers of other genes, and promoters or
enhancers isolated from any other prokaryotic, viral, or eukaryotic cell, and promoters
or enhancers not “naturally occurring,” i.e., containing different elements of different
transcriptional regulatory regions, and/or mutations that alter expression. In addition
to producing nucleic acid sequences of promoters and enhancers synthetically,
sequences may be produced using recombinant cloning and/or nucleic acid
amplification technology, including PCR™, in connection with the compositions

disclosed herein (see U.S. Patent 4,683,202, U.S. Patent 5,928,906, each incorporated
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herein by reference). Furthermore, it is contemplated the control sequences that direct
transcription and/or expression of sequences within non-nuciear organelles such as

mitochondria, chloroplasts, and the like, can be employed as well.

Naturally, 1t will be important to employ a promoter and/or enhancer that
effectively directs the expression of the DNA segment 1n the cell type, organelle, and
organism chosen for expression. Those of skill in the art of molecular biology
generally know the use of promoters, enhancers, and cell type combinations for
protein expression, for example, see Sambrook et al. (1989), incorporated herein by
reference. The promoters employed may be constitutive, tissue-specific, inducible,
and/or useful under the appropriate conditions to direct high level expression of the ;
intrdduced DNA segment, such as 1s advantageous in the large-scale production of

recombinant proteins and/or peptides. The promoter may be heterologous or

endogenous.

The 1dentity of tissue-specific promoters or elements, as well as assays to
characterize their activity, 1s well known to those of skill in the art. Examples of such
regions include the human LIMK2 gene (Nomoto et al., 1999), the somatostatin
receptor 2 gene (Kraus ef al., 1998), murine epididymal retinoic acid-binding gene
(Lareyre et al., 1999), human CD4 (Zhao-Emonet et al., 1998), mouse alpha2 (XI)
collagen (Tsumaki et al., 1998), D1A dopamine receptor gene (Lee et al., 1997),
insulin-like growth factor II (Wu et al., 1997), human platelet endothelial cell
adhesion molecule-1 (Almendro ef al., 1996).

B. Initiation Signals and Internal Ribosome Binding Sites

A specific mitiation signal also may be required for efficient translation of
coding sequences. These signals include the ATG initiation codon or adjacent
sequences. Exogenous translational control signals, including the ATG mitiation
codon, may need to be provided. One of ordinary skill in the art would readily be
capable of determining this and providing the necessary signals. It 1s well known that
the initiation codon must be “in-frame” with the reading frame of the desired coding
sequence to ensure translation of the entire insert. The exogenous translational

control signals and initiation codons can be either natural or synthetic. The efficiency
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of expression may be enhanced by the inclusion of appropnate transcription enhancer

elements.

In certain embodiments of the mvention, the use of internal ribosome entry
sites (IRES) elements are used to create multigene, or polycistronic, messages. IRES
clements are able to bypass the ribosome scanning model of 5’ methylated Cap
dependent translation and begin translation at internal sites (Pelletier and Sonenberg,
1988). IRES elements from two members of the picornavirus family (polio and
encephalomyocarditis) have been described (Pelletier and Sonenberg, 1988), as well
an IRES from a mammalian message (Macejak and Sarnow, 1991). IRES elements
can be linked to heterologous open reading frames. Multiple open reading frames can
be transcribed together, each separated by an IRES, creating polycistronic messages.
By virtue of the IRES element, each open reading frame 1s accessible to ribosomes for
efficient translation. Multiple genes can be efficiently expressed using a single

promoter/enhancer to transcribe a single message (see U.S. Patent 5,925,565 and

5,935,819).

C. Multiple Cloning Sites

Vectors can include a multiple cloning site (MCS), which 1s a nucleic acid
region that contains multiple restriction enzyme sites, any of which can be used n
conjunction with standard recombinant technology to digest the vector. (See
Carbonelli et al., 1999, Levenson et al., 1998, and Cocea, 1997) “Restriction enzyme
digestion” refers to catalytic cleavage of a nucleic acid molecule with an enzyme that
functions only at specific locations mm a nucleic acid molecule. Many of these
restriction enzymes are commercially available. Use of such enzymes 1s widely
understood by those of skill in the art. Frequently, a vector i1s linearized or
fragmented using a restriction enzyme that cuts within the MCS to enable exogenous
sequences to be ligated to the vector. “Ligation” refers to the process of forming
phosphodiester bonds between two nucleic acid fragments, which may or may not be
contiguous with each other. Techniques involving restriction enzymes and ligation

reactions are well known to those of skill in the art of recombinant technology.
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D. Splicing Sites

Most transcribed eukaryotic RNA molecules will undergo RNA splicing to
remove introns from the primary transcripts. Vectors containing genomic eukaryotic
sequences may require donor and/or acceptor splicing sites fo ensure proper

processing of the transcript for protein expression (see Chandler ef al., 1997).

E. Polyadenylation Signals

In expression, one will typically include a polyadenylation signal to effect
proper polyadenylation of the transcript. The nature of the polyadenylation signal is
not believed to be crucial to the successful practice of the invention, and/or any such
sequence may be employed. Preferred embodiments include the SV40
polyadenylation signal and/or the bovine growth hormone polyadenylation signal,
convenient and/or known to function well in various target cells. Also contemplated
as an element of the expression casseite 1s a transcriptional termination site. These

elements can serve to enhance message levels and/or to minimize read through from

the cassette 1nto other sequences.

F. Origins of Replication

In order to propagate a vector in a host cell, it may contain one or more origins
of replication sites (often termed “ort”), which 1s a specific nucleic acid sequence at

which replication is initiated. Alternatively an autonomously replicating sequence

(ARS) can be employed if the host cell 1s yeast.

G. Selectable and Screenable Markers

In certain embodiments of the invention, the cells contain nucleic acid
construct of the present invention, a cell may be identified in vitro or in vivo by
including a marker in the expression vector. Such markers would confer an
identifiable change to the cell permitting easy identification of cells containing the
expression vector. Generally, a selectable marker is one that confers a property that
allows for selection. A positive selectable marker is one in which the presence of the

marker allows for its selection, while a negative selectable marker 1s one 1n which its
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presence prevents its selection. An example of a positive selectable marker 1s a drug

resistance marker.

Usually the inclusion of a drug selection marker aids in the cloning and
1dentification of transformants, for example, genes that confer resistance to neomycin,
puromycin, hygromycin, DHFR, GPT, zeocin and histidinol are useful selectable
markers. In addition to markers conferring a phenotype that allows for the
discrimination of transformants based on the implementation of conditions, other
types of markers including screenable markers such as GFP, whose basis 1s
colorimetric analysis, are also contemplated. Alternatively, screenable enzymes such
as herpes simplex virus thymidine kinase (zk) or chloramphenicol acetyltransferase
(CAT) may be utilized. One of skill in the art would also know how to employ
immunologic markers, possibly in conjunction with FACS analysis. The marker used
1s not believed to be important, so long as i1t is capable of being expressed
simultaneously with the nucleic acid encoding a gene product. Further examples of

selectable and screenable markers are well known to one of skill 1n the art.

H. Host Cells

As used herein, the terms “cell,” “cell line,” and “cell culture” may be used
interchangeably. All of these term also include their progeny, which 1s any and all
subsequent generations. It 1s understood that all progeny may not be i1dentical due to
deliberate or inadvertent mutations. In the context of expressing a heterologous
nucleic acid sequence, “host cell” refers to a prokaryotic or eukaryotic cell, and 1t
includes any transformable organisms that 1s capable of replicating a vector and/or
expressing a heterologous gene encoded by a vector. A host cell can, and has been,
used as a recipient for vectors. A host cell may be “transfected” or “transformed,”
which refers to a process by which exogenous nucleic acid 1s transferred or introduced

into the host cell. A transformed cell includes the primary subject cell and 1its

progeny.

Host cells may be derived from prokaryotes or eukaryotes, depending upon
whether the desired result 1s replication of the vector or expression of part or all of the

vector-encoded nucleic acid sequences. Numerous cell lines and cultures are
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available for use as a host cell, and they can be obtained through the American Type
Culture Collection (ATCC), which i1s an organization that serves as an archive for
living cultures and genetic materials (www.atcc.org). An appropriate host can be
determined by one of skill in the art based on the vector backbone and the desired
result. A plasmid or cosmid, for example, can be mtroduced into a prokaryote host

cell for replication of many vectors. Bacterial cells used as host cells for vector
replication and/or expression include DHS5o, JIM109, and KCS8, as well as a number of
commercially available bacterial hosts such as SURE® Competent Cells and

SOLOPACK™ Gold Cells (STRATAGENE®, La Jolla, CA). Alternatively, bacterial cells

such as E. coli LE392 could be used as host cells for phage viruses.

Examples of eukaryotic host cells for replication and/or expression of a vector
include HelLa, NIH37T3, Jurkat, 293, Cos, CHO, Saos, and PC12. Many host cells
from various cell types and organisms are available and would be known to one of
skill in the art. Similarly, a viral vector may be used in conjunction with either a
eukaryotic or prokaryotic host cell, particularly one that 1s permissive for replication

or expression of the vector.

Some vectors may employ control sequences that allow it to be replicated
and/or expressed in both prokaryotic and eukaryotic cells. One of skill in the art
would further understand the conditions under which to mcubate all of the above
described host cells to maintain them and to permit replication of a vector. Also
understood and known are techniques and conditions that would allow large-scale
production of vectors, as well as production of the nucleic acids encoded by vectors

and their cognate polypeptides, proteins, or peptides.

L. Expression Systems

Numerous expression systems exist that comprise at least a part or all of the
compositions discussed above. Prokaryote- and/or eukaryote-based systems can be
employed for use with the present invention to produce nucleic acid sequences, or
their cognate polypeptides, proteins and peptides. Many such systems are

commercially and widely available.
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The 1msect cell/baculovirus system can produce a high level of protein
expression of a heterologous nucleic acid segment, such as described m U.S. Patent
No. 5,871,986, 4,879,236, both herein incorporated by reference, and which can be
bought, for example, under the name MaxBAC® 2.0 from INVITROGEN® and

BACPACK™ BACULOVIRUS EXPRESSION SYSTEM FROM CLONTECH®.

Other examples of expression systems include STRATAGENE"’S COMPLETE
CONTROL™ Inducible Mammalian Expression System, which involves a synthetic

ecdysone-inducible receptor, or its pET Expression System, an E. coli expression
system. Another example of an inducible expression system 1s available from
INVITROGEN®, which carries the T-REX™ (tetracycline-regulated expression) System,
an 1nducible mammalian expression system that uses the full-length CMV promoter.
INVITROGEN® also provides a yeast expression system called the Pichia methanolica
Expression System, which 1s designed for high-level production of recombinant
proteins m the methylotrophic yeast Pichia methanolica. One of skill in the art would
know how to express a vector, such as an expression construct, to produce a nucleic

acid sequence or 1ts cognate polypeptide, protein, or peptide.

Alternatively, recombinant DNA technology may be employed wherein a
nucleotide sequence which encodes a peptide of the mmvention 1s inserted into an
expression vector, transformed or transfected into an appropriate host cell and
cultivated under conditions suitable for expression. A skilled artisan has available

many references such as Current Protocols in Molecular Biology (Ausubel et al.

(eds.)) or Molecular Cloning: A Laboratory Manual (Sambrook et al), heren

mcorporated by reference for information regarding routine practices for molecular
biology including expression of a peptide from an expression vector. The peptide
encoded by the nucleotide sequence of the expression vector may be expressed by
well known methods in prokaryotes such as E. coli or in eukaryotes such as insect
cells using baculovirus vectors, in mammalian cells, or in mammalian cells using
Vaccimia viral vectors. Expression in £. coli may employ the commonly used T7
RNA polymeras<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>