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(7) ABSTRACT

A diagnostic technique for matching anti-cancer peptide
drugs to the molecular profiles of individual cancer tumors,
and a method using the technique for a patient-specific
treatment of tumors in mammals. This strategy matches
anti-cancer peptide drugs to the molecular profiles of indi-
vidual tumors, and includes the development of two banks,
both of which use the same targeting peptides. Targeting
peptides are identified using biopsies or other tissue mate-
rials from multiple cancer patients and placed into two
banks. For a bank of probes, targeting peptides are linked to
a label such as a fluorescent or a radioisotope. For a bank of
drugs, targeting peptides are linked to a cytotoxic peptide to
form a “targeting peptide drug”. Peptide probes are used to
establish molecular profiles of individual tumors. Based on
these molecular profiles, a patient-specific combination of
targeting drugs from the bank of peptide drugs is prepared
and the patient is treated. Any currently used cytotoxic agent
that can be linked to targeting peptides may be used in place
of cytotoxic peptides.
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Figure 4 (a)
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Figure 4.
(a) Three families of glioma- selected
peptides.

(b) Selectivity of glioma-specific DSTKSGNM
phage clone for glioma cells
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Figure 5. (a) Detection of DSTKSGNM phage internalization.
(b) Cytotoxic effect of cytotoxic peptides on cancer and normal cells.
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STRATEGY FOR DESIGNING PATIENT-SPECIFIC
ANTI-CANCER DRUGS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application is based on and claims
priority to U.S. Provisional Patent Application No. 60/572,
511 filed May 19, 2004.

FIELD OF THE INVENTION

[0002] This invention relates to anti-cancer pharmaceuti-
cal drugs, and more particularly to a diagnostic technique for
matching anti-cancer peptide drugs to the molecular profiles
of individual cancer tumors, and to a method of using the
technique for patient-specific treatment of such tumors in
humans and animals.

BACKGROUND OF THE INVENTION

[0003] Cancer is a complex heterogeneous disease with
molecular, morphological and clinical differences that exist
both between and within tumors. While histopathologic
features of tumor cell morphology, invasiveness and
metastasis remain the “gold standard” for diagnosis and
staging of cancers, molecular profiles of neoplastic cells
based on DNA, mRNA, and/or protein alterations are rap-
idly being developed and utilized not only to augment
diagnosis, but to provide new therapeutic measures. Of these
profiles, the pattern of protein expression based on cell
surface markers is the most functional, holding the potential
to offer direct correlations between cancer cell “portraits”
and therapeutic responses to anti-cancer drugs.

[0004] Several strategies have been implemented to date
for identification of distinctive protein profiles for a given
cancer. For example, separation of proteins on two-dimen-
sional gels has been used widely for protein expression
analysis in research laboratories for many years. However,
such analyses are unlikely to be used routinely in a clinical
setting due to their complexity and the absence of 2-D
protein databases of different tumor types. A peptide
microarray method was proposed recently by Aina et al,
“Therapeutic Cancer Targeting Peptides,” Biopolymers
66:184-199 (2002), for identification of cell surface binding
profiles of cancer cells. With this technique, cell-specific
peptides isolated by selection from a one bead-one com-
pound (OBOC) combinatorial library were linked to a
polystyrene slide in a microarray format and used to detect
a binding profile of human T-lymphoma cells. While the
method seems promising for profiling cancer cells derived
from individual cancer specimens, the diversity of OBOC
libraries is relatively low and could be a limiting factor for
their broad applications.

[0005] Invented less than 20 years ago, phage display
technology is now well known in the art, and is used to
produce valuable targeting peptides to a variety of cell types,
both in vitro and in vivo. Phage display libraries are het-
erogeneous mixtures of billions of phage clones. Within a
library, each clone carries a different foreign DNA insert
and, therefore, displays the corresponding unique peptide on
its surface. Different types of phage display libraries exist,
depending upon the size of the insert, gene location of insert
(resulting in pIIl or pVIII phage display), structure of the
displayed foreign peptide, and number of copies expressed
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on the surface of the phage. Importantly, the diverse and
complex nature of random peptide libraries have the capac-
ity to provide unique peptide sequences for any target
receptor molecules, including those that are well-described
and those that are previously undetected. This feature is
especially important in ligand development for anti-cancer
strategies, since tumors are composed of heterogenic cells
that express different levels of cell-specific markers in the
majority of patients.

[0006] Discovered in early 1980’s, antimicrobial lytic
peptides have been and continue to be studied extensively as
a source of new anti-infective and recently anti-cancer
agents. Antimicrobial peptides are a large group of gene-
encoded molecules produced by almost all eukaryotic organ-
isms including plants, insects, amphibians, and mammals.
They are activated shortly after infection as part of the innate
immunity of these species and rapidly destroy a broad range
of invading microorganisms. In mammals, the major fami-
lies of antimicrobial lytic peptides are the defensins and the
cathelicidins that provide a first line of defense against
pathogens. They are found in many tissues exposed to
microbes such as mucosal epithelial surfaces and skin, as
well as in professional phagocytes.

[0007] At present, thousands of native and de novo
designed antimicrobial peptides are known. For example, an
updated list of antimicrobial peptides from domesticated
animals can be found in Brogden et al, “Antimicrobial
Peptides in Animals and Their Role in Host Defences,”
International Journal of Antimicrobial Agents 22:465-478
(2003). Sequences of over 750 eukaryotic antimicrobial
peptides have been reported and can be obtained from
protein databases. Many of antimicrobial peptides are rela-
tively short (15-40 amino acids), cationic (carry a positive
net charge), alpha-helix-forming, amphipathic (with hydro-
phobic residues distributed on one side of the helical axis
and cationic residues on the other) molecules. Because of
these properties, they attack similar targets, which are the
bacteria phospholipid membranes with highly negatively
charged outer surfaces determined by high content of
anionic phospholipids. These peptides perform their antimi-
crobial function using a common general mechanism. The
hydrophilic, cationic part of the peptide is proposed to
initiate electrostatic interaction with the negatively charged
components of the bacterial membrane. The hydrophobic
portion of the peptide then is inserted into and permeates the
membrane causing membrane disintegration.

[0008] Selective toxicity of microbial peptides is thought
to be due to the composition and structure of bacterial
membrane, which maintain large transmembrane potentials
and has a higher content of anionic phospholipids on its
outer leaflet. In contrast, mammalian cell membrane is
composed of zwitterionic (neutral) phospholipids and cho-
lesterol that prevent interaction with the peptides and help to
avoid host tissue damage. Some bactericidal peptides were
found to be cytotoxic for mammalian cancer cells, Papo et
al, “New Lytic Peptides Based on the D,L-amphipathic
Helix Motif Preferentially Kill Tumor Cells Compared to
Normal Cells,” Biochemistry 42:9346-9354 (2003). While
the mechanism of selectivity is not quite clear, it is believed
that it can be partially explained by the differences in normal
and cancer cell membrane composition. Similar to bacteria,
cell membranes of tumor cells contain negatively charged
phospholipids (3-9%). Interestingly, eukaryotic mitochon-
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drial membrane is very similar to prokaryotic cytoplasmic
membrane and can be a target for antimicrobial peptides as
well.

[0009] In spite of the fact that some native cationic anti-
microbial lytic peptides are more toxic to cancer cells than
to normal mammalian cells, there are several limitations that
prevent their application in cancer therapy. The use of native
all L-amino acid antimicrobial peptides in vivo is limited in
part because of enzymatic degradation and binding to com-
ponents in serum. Additionally, they possess lytic activity
toward blood cells. As a solution, Papo et al, “A Novel Lytic
Peptide Composed of DL-Amino Acids Selectively Kills
Cancer Cells in Culture and In Mice,” Journal of Biological
Chemistry 278:21018-21023 (2003) proposed de novo
designed diastereomeric peptides (composed of both L- and
D-amino acids). These peptides were derived from potent
Iytic peptides by replacing a few L-amino acids with their
D-enantiomers. The resulting diastereomeric peptides lost
their cytotoxic effect against normal mammalian cells, but
preserved both their antibacterial activity and their ability to
increase the permeability of negatively charged phospho-
lipid membranes, including cytoplasmic membranes of can-
cer cells. The authors found that the selective activity of a
15-mer diastereomeric peptide toward cancer cells is a
consequence of selective binding, mainly governed by elec-
trostatic interactions between this cationic peptide and
anionic phospholipids of cancer membranes. A short time
after binding about 10 min), the cells died as a result of acute
injury characterized by swelling and bursting, suggesting
necrosis. ATR-FTIR studies showed that the peptide initially
binds onto the surface and then is inserted into the mem-
brane, destabilizing the membrane structure. At the same
time, LLD-amino acid peptides are not lytic toward normal
mammalian cells.

[0010] To produce potent peptides with specific anti-
cancer activity, several research groups constructed peptide
molecules with two domains. One of the domains is a
cell-targeting peptide, which is designed to guide the whole
molecule to the target (tumor) cell, allowing cell-specific
receptor-mediated internalization. The second domain is a
Iytic peptide which, after internalization, is able to destroy
mitochondrial membrane and cause cell apoptosis. The
whole peptide molecules are short, consist of 20-25 amino
acids, and can be synthesized chemically with ease. Chen et
al, “RGD-Tachyplesin Inhibits Tumor Growth,” Cancer
Research 61:2434-2438 (2001), examined a preparation of
tachyplesin (17 amino acid antimicrobial peptide present in
leukocytes of the horseshoe crab) that was linked to RGD
peptide. RGD peptide is known to bind to integrins and
thereby can facilitate internalization of tachyplesin. They
found that this synthetic peptide with RGD-tachyplesin
sequence could inhibit the proliferation of TSU prostate
cancer cells and B16 melanoma cells in a dose-dependent
manner in vitro and reduce tumor growth in vivo.

[0011] Ellerby et al, “Anti-Cancer Activity of Targeted
Pro-Apoptotic Peptides,” Nat. Med. 5:1032-1038 (1999),
conjugated a short (14 amino acids) cationic lytic peptide
with tumor-homing domain, either CNGRC or ACDCRGD-
CFC. It was shown that the resulting peptides with dual
function exhibited antitumor activity through their ability to
target tumor cells and trigger apoptosis via disruption of
mitochondrial membranes. Sequences of the tumor cell-
targeting peptides used in this study were identified from
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screening of phage display libraries. Using phage display,
Kelly and Jones, “Isolation of a Colon Tumor Specific
Binding Peptide Using Phage Display Selection,” Neoplasia
5:437-444 (2003), identified peptides that recognize colon
carcinoma cells. One of the peptides was coupled to the
mitochondrial toxin (the same as in Ellerby et al, “Anti-
Cancer Activity of Targeted Pro-Apoptotic Peptides,”
Nature Medicine 5:1032-1038 (1999)) and added to HT29
colon carcinoma cells. As determined by MTT assay, HT29
cell viability after incubation with the peptide decreased in
a concentration dependent manner.

SUMMARY OF THE INVENTION

[0012] A diagnostic technique for matching anti-cancer
peptide drugs to the molecular profiles of individual cancer
tumors, and a method of using the technique for patient-
specific treatment of tumors in humans and animals is
provided. Targeting peptide probes which are specific and
selective for tumor cells are obtained, preferably using
phage display technology, and placed into a bank or collec-
tion of such probes. The phage probes bearing targeting
peptides are used to profile tumors at the molecular level.
“Personalized” anti-cancer therapeutic peptides are then
developed for each patient based on the probes that bind to
the cancerous tumor cells. The therapeutic peptides are also
selected from a bank or collection of such peptide drugs, and
have two components: 1) the same targeting peptide itself
which is identified via molecular profiling of the individual
tumor and 2) a lytic peptide or other cytotoxic agent linked
to the targeting peptide with proven cytotoxXicity against a
broad range of cancers. The therapeutic peptides or peptide
drugs are rapidly and efficiently produced by chemical
peptide synthesis for each patient.

[0013] One example of the novel anti-cancer strategy
described herein is as a diagnostic technique for designing
anti-cancer drugs. Such a technique may comprise the steps
of:

[0014] (a) obtaining a sample of cancer cells;

[0015] (b) mixing the cancer cells with a bank of
targeting probes, each targeting probe comprising a
targeting peptide linked to a label;

[0016] (c) identifying one or more targeting probe
that binds to the cancer cells;

[0017] (d) correlating the one or more targeting probe
with a bank of peptide drugs, each peptide drug in
said bank of drugs comprised of said targeting pep-
tide linked to a cytotoxin;

[0018] (e) exposing the cancer cells to said one or
more peptide drugs to induce a cytotoxic effect on
said cancer cells; and

[0019] (f) quantifying the cytotoxic effect on said
cancer cells.

[0020] Another example of the novel anti-cancer strategy
described herein is as a method of treating a cancerous tumor
in mammals, comprising the steps of

[0021] (a) obtaining a sample of cancer cells;

[0022] (b) mixing the cancer cells with a bank of
targeting probes, each targeting probe comprising a
targeting peptide linked to a label;
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[0023] (c) identifying one or more targeting probe
that binds to the cancer cells;

[0024] (d) correlating the one or more targeting probe
with a bank of peptide drugs, each peptide drug in
said bank of drugs comprised of said targeting pep-
tide linked to a cytotoxin; and

[0025] (e) administering the said one or more peptide
drugs to a patient having a cancerous tumor to
expose the cancerous tumor to said one or more
peptide drugs and induce a cytotoxic effect thereto.

[0026] The above method for the development of “per-
sonalized” (patient-specific) drugs for the treatment of het-
erogenic tumors in man and animals includes the develop-
ment of banks of peptide probes and peptide drugs. These
banks are obtained by:

[0027] (1) collection of tumor sample (surgical speci-
men, biopsy, blood, etc.) from a patient;

[0028] (2) identification of targeting peptides which
are specific and selective for this tumor using phage
display technology and placing a sample of such
targeting peptide in the peptide probe bank;

[0029] (3) synthesis of “personalized” anti-cancer
therapeutic peptides each of which will be composed
of two components—the targeting peptide which
will perform tumor cell-specific delivery function
and a cytotoxic peptide (or any other cytotoxic
agent) which will perform tumor cell killing func-
tion, and placing a sample of such targeting drug in
the peptide drug bank.

[0030] The method additionally encompasses the identi-
fication and characterization of phage probes bearing tar-
geting peptides for multiple human tumor cell lines and
primary cultures using phage display technology. Multiple
phage display peptide libraries are screened with cell lines,
primary tumor cell cultures, tissue sections, etc. to select and
enrich for specific, high affinity phage probes for the tumor
cells. Normal primary cell cultures are used in selection
procedures to remove those phage which bind to cell surface
markers common to cells of tumor origin.

[0031] The method additionally provides for the evalua-
tion of patient-to-patient heterogeneity within human or
animal tumors using phage probes bearing targeting pep-
tides. To detect cell surface molecular differences between
tumors from different patients, phage bearing targeting pep-
tides are labeled (for example, with fluorescent dyes) and
probed on tumor samples such as tissue sections, cell
suspensions, tissue homogenates, etc. Different phage
probes are labeled with different fluorescent dyes or other
detection labels, thus a molecular profile of cell surface
binding molecules for each patient is established and pre-
sented in relative numbers (%) that correspond to the
intensity of each dye bound to the tumor sample. This
technique is very similar to immunohistochemical staining
but utilizes labeled phage probes rather than antibodies.

[0032] Phage provide several advantages as probes for cell
surface markers: 1) phage probes can be developed for
unknown, non-antigenic cell surface markers; 2) phage
display libraries are readily available from commercial and
private sources and are very diverse (10°-10'° variants per
library); 3) propagation of phage in bacterial cultures is well
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standardized and inexpensive compared to antibody produc-
tion in animals or cell cultures; and 4) phage preparations are
stable without loss of titer for many years when stored at
standard conditions. Probes designed using this approach
may be applied instead of antibodies (that are expensive and
can be developed only if the antigen is known and available)
to profile individual tumor specimens, such as biopsies and
tissue sections. Based on the cancer profile, a combination of
anti-cancer drugs is designed to increase therapeutic effec-
tiveness and reduce toxicity.

[0033] The method further provides for the design and
testing of anti-tumor peptides with both targeting and killing
abilities based on individual profiles of primary tumor
samples. Peptides are designed which combine killing prop-
erties of lytic peptides with targeting abilities of cell-specific
peptides. These peptides are synthesized using current pep-
tide synthetic strategies. Cytotoxicity of these synthetic
peptides with dual mode of action can be evaluated by MTT
assay. Lytic effect of the peptides on cancer cells may be
observed by dark-field microscopy.

[0034] The method further embodies (1) the binding and
specificity of lytic peptides (tumor-killing peptides) which is
increased via targeting peptides; (2) the selectivity of the
therapeutic peptide is increased while the side effects of the
drug is decreased; (3) the designed peptide will target both
the cell membrane and mitochondrial membranes of cancer
cells.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The drawings illustrate the best mode presently
contemplated of carrying out the invention.

[0036]

[0037] FIG. 1 is a schematic representation of a novel
diagnostic strategy in anti-cancer drug design and treatment
of individual tumors in accordance with the present inven-
tion;

[0038] FIG. 2 is a schematic illustration of the phage
display technique utilized to identify targeting peptides that
bind to cancer tumors. The illustration is reproduced from
Dyax Corporation of Cambridge, Mass.;

[0039] FIG. 3 is a schematic representation of the selec-
tion process for identifying targeting peptides from phage
display libraries;

[0040] FIG. 4(a) illustrates the peptide sequences of three
families of targeting peptides that bound to glioma cancer
cells in accordance with the selection procedure of FIG. 3;

[0041] FIG. 4(b) is a graph of the binding ability of
glioma-specific DSTKSGNM phage probe for glioma can-
cer cells versus other different cell types, including astro-
cytes, myoblasts, hepatocytes and fibroblasts;

In the drawings:

[0042] FIG. 5(a) is a pair of fluorescent microscope
images of DSTKSGNM phage probes bound to glioma
cancer cells treated with saponin (saponin +) to permeabilize
cell membranes versus untreated cancer cells (saponin -);

[0043] FIG. 5(b) is a graph of peptide concentrations
versus absorbance illustrating the cytotoxic effect of the
peptide drug (cytotoxic peptide) on glioma cancer cells and
normal astrocyte cells.
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DETAILED DESCRIPTION OF THE
INVENTION

[0044] Referring now to the drawings, FIG. 1 schemati-
cally illustrates both the diagnostic technique as well as the
individualized anti-cancer treatment strategy disclosed
herein. As illustrated, the strategy involves two stages. The
first stage is the creation of a bank of peptide probes,
sometimes referred to herein as target probes, and a bank of
peptide drugs, sometimes referred to herein as target drugs,
while treating individual tumors of numerous patients. The
second stage involves using the established banks of pep-
tides probes and peptide drugs for treatment of individual
tumors of third party patients by not only determining the
appropriate targeting drug or drugs to be utilized against that
tumor, but also to administer the targeting drug or drugs to
the patient.

[0045] Stage 1 involves the creation of a bank of peptide
probes and a bank of peptide drugs. The bank of peptide
probes is designated by the number 10, and the bank of
peptide drugs is designated by the number 12. Each peptide
probe comprises a targeting peptide linked to a detection
label such as a fluorescent agent, a radioisotope, an enzyme
or a metal particle. Each bank of peptide drug comprises a
targeting peptide linked to a cytotoxic agent. That cytotoxic
agent may be a cytotoxic peptide such as a lytic peptide, a
radioisotope or any other cytotoxic agent that can be linked
to the targeting peptide. The bank 10 of peptide probes is
created from the treatment of individual tumors of numerous
patients over time. For example, a sample of a first patient’s
cancer cells or tumor may be obtained or collected via a
surgical specimen, a biopsy specimen, a blood specimen, or
the like which is represented by the number 14. Thereafter,
the cancerous cells are mixed with phage display library,
bound phage clones are selected, and one or more targeting
probes are identified that bind with the cancer cells. This step
is identified as number 16 in FIG. 1 with respect to the first
patient. A sample of each targeting probe is also placed into
bank 10. Then, a peptide drug comprised of the same
targeting peptide each linked to a cytotoxic agent is synthe-
sized which is represented by the number 18. Finally, the one
or more peptide drug, comprised of one or more targeting
peptide each linked to a cytotoxic agent, is combined into a
“cocktail” to be administered to the first patient. This step is
illustrated by the number 20 in FIG. 1. A sample of each
peptide drug is also placed into bank 12. Finally, the
individual drug combination or cocktail of peptide drugs
may be administered to the first patient to treat the individual
tumor, which is designated by the number 22 in FIG. 1.

[0046] The above steps are repeated for any number of
patients until a large enough bank 10 of peptide probes and
bank 12 of peptide drugs is collected. Thus, steps 14-22 are
repeated for a second patient, identified as steps 24-32,
respectively in FIG. 1, as well as for a third patient,
identified as steps 34-42, respectively in FIG. 1. Obviously,
these steps are then repeated for any number of patients until
an adequate number of peptide probes are collected in bank
10 and peptide drugs are collected in bank 12.

[0047] Once an adequate number of peptide probes are
collected in bank 10 and peptide drugs are collected in bank
12, stage two of the present strategy can proceed. Stage two
uses the established peptide probes in bank 10 and the
peptide drugs in bank 12 for diagnosing and treating indi-
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vidual tumors of future patients, referred to in FIG. 1 as
post-bank patients. Again, a sample of the post-bank
patient’s tumor is collected via any known technique, rep-
resented by number 44 in FIG. 1. This sample is prepared
in any conventional manner to be mixed with targeting
probes obtained from bank 10. After a sufficient incubation
period, those targeting probes that bind to the cancer cells
are identified, which step is designated as 46 in FIG. 1.
Thereafter, the targeting peptide of the targeting probe
identified to bind with the post-bank patient’s cancer cells,
is correlated to bank 12 of peptide drugs, each peptide drug
having the same targeting peptide identified as binding to the
cancer cells. An appropriate drug combination or cocktail of
peptide drugs is then prepared, represented by the number 48
in FIG. 1. Thereafter, when used as a diagnostic technique,
the drug combination is exposed to the cancer cells to induce
a cytotoxic effect and the cytotoxic effect is quantified to
determine efficacy, or when used as an anti-cancer treatment,
the drug combination is administered to a patient to expose
the cancerous tumor to the drug combination and induce a
cytotoxic effect thereto. This latter treatment step is identi-
fied by the number 50 in FIG. 1.

[0048] The following is a brief explanation of the phage
display technique (FIGS. 2 and 3) used herein to identify
the targeting probes that profile cancer tumors at the molecu-
lar level, and an example that demonstrates the feasibility of
the molecular targeting approach (FIGS. 4 and 5). The goal
of this strategy is to match anti-cancer peptide drugs to the
molecular profiles of individual tumors. It includes the
development of two banks, both of which will use the same
set of targeting peptides. Targeting peptides are identified
using biopsies or other tissue materials from multiple cancer
patients and placed into two banks. For a bank of probes,
targeting peptides are linked to a label (fluorescence, radio-
isotope, etc.). For a bank of drugs, targeting peptides are
linked to a cytotoxic peptide to form a “targeting drug”.
Peptide probes are used to establish molecular profiles of
individual tumors. Based on these molecular profiles, a
patient-specific combination of targeting drugs from the
bank of peptide drugs is prepared and the patient is treated.
Any currently used cytotoxic agent that can be linked to
targeting peptides may be used in place of cytotoxic pep-
tides.

[0049] Targeting molecules, by definition, have high affin-
ity to specific cell surface markers and, therefore, they can
recognize and bind to specific cell types. For example,
targeting molecules identified for cancer cells can discrimi-
nate between cancer and normal cells and, therefore, they
are able to deliver cytotoxic agents directly to the target
tumor cell, sparing normal tissues. Thus, the present tech-
nique for the identification of the targeting peptides com-
prises the selection of such peptides from random phage
display peptide libraries.

[0050] FIG. 2 is a schematic illustration of a filamentous
phage particle. Phage display libraries are constructed by the
insertion of a DNA fragment, fixed in length but with
random codons, in a phage surface protein gene. In the case
shown in FIG. 2, this is gene III that encodes minor coat
protein. The insertion of random oligonucleotide sequences
results in a fusion protein that is expressed on the phage
surface.

[0051] There are about 10'° different phage clones per
library. Thus, a phage display library is a mixture of phage
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clones, each with a different peptide expressed on its surface.
In FIG. 3, different peptides are shown in different shapes.
Any known simple selection procedure may be used to pull
out from the library those phage clones which recognize and
bind to the desired cell type. This is a key-lock situation. If
a peptide fits the receptor on the surface of the cell, it binds
to that receptor. Phage DNA of such bound clones is
sequenced and translated into its peptide sequence. Thus, for
each cell type, those peptides which are specific for binding
only to these cells can be identified.

[0052] Proteomic profiling as a method of developing
personalized drugs to treat cancer is very desirable. In other
words, if patients are to be treated with molecular means,
then they need to be diagnosed at a molecular level. This
requires molecular profiling. Genomic profiling of a disease
is a good tool, but after post-translational modifications,
protein targets may change and differ greatly from those
identified via genomic profiling. Therefore, it is desirable to
provide proteomic profiling which can be accomplished with
peptides identified via phage display in accordance with the
present inventive methods.

EXAMPLES

[0053] FIG. 4(a) shows three peptide families selected for
rat brain tumor cells (glioma) (published in Samoylova et al,
“Phage Probes for Malignant Glial Cells,” Molecular Cancer
Therapeutics, pages 1129-1137 (2003)). The first family of
peptides appeared to target a marker that is common for
glioma cells, normal brain cells, and cells of non-brain
origin. The second group or family of peptides contains
peptides with pronounced glioma-selective properties (see
FIG. 4(b)). Binding of phage expressing peptide with this
consensus sequence to two gliomas was several magnitudes
higher than binding to normal cells (see paper mentioned
above). Because this peptide sequence was very selective for
cancer cells, this peptide was used as the peptide later on as
a targeting moiety to create an anti-cancer cytotoxic agent
(see FIGS. 5(a) and (b)). The third family demonstrated
63-fold glioma selectivity when compared to normal brain
cells, astrocytes.

[0054] Using glioma-selective sequences from the second
family shown in FIG. 4 (and in FIG. 5(a)), a fusion
molecule containing the same identical cell-targeting pep-
tide coupled to a cell-killing peptide was designed and
synthesized. Glioma cells (malignant cells originating from
astrocytes) and normal astrocytes were treated with increas-
ing concentrations (10 or 100 uM) of cytotoxic peptide
alone, or cytotoxic peptide linked to the targeting peptide,
i.e. the peptide drug, and cytotoxicity was evaluated by MTT
assay (this assay measures cell viability). None of the
peptides, with or without targeting, demonstrated any effect
on the normal astrocytes. However, the fusion molecule
containing targeting and cytotoxic peptides, i.e. the peptide
drug, resulted in a clear cytotoxic effect on glioma cells
while non-targeted cytotoxic peptide alone had no effect on
the tumor cells.

[0055] As described earlier herein, FIG. 2 schematically
illustrates the phage display technique used in the present
method.

[0056] FIG. 3 is a schematic representation of the phage
display library selection process. A phage library is added to
a flask with cultured target cells and incubated for a fixed
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time. During the incubation, phage that display peptides
specific to the cell-surface molecules bind to the target.
Unbound phage are then washed away. Bound phage are
recovered from the cells, amplified in bacteria, purified, and
added to target cells for each following round of selection.
After three to four rounds, individual phage clones are
sequenced to determine peptide sequences.

[0057] FIG. 4(a) illustrates peptide sequences that repre-
sent three families of RG2 glioma-selected phage. To obtain
phage probes for molecular profiling of glioma cells, several
independent phage display selection experiments were pre-
formed in this study. In all experiments, a single landscape
phage display library was used, while the conditions were
modified. FIG. 4(b) illustrates the selectivity of glioma-
specific DSTKSGNM phage clone for RG2 glioma cells and
control cells. RG2 glioma and control cells were incubated
with DSTKSGNM phage clone. Phage titers were deter-
mined by infection of bacteria and plotted as output to input
ratios (Y axis) against different cell types, including RG2
and F98 gliomas, astrocytes, myoblasts, hepatocytes and
fibroblasts (X axis). For more details, see the Samoylova et
al article in Molecular Cancer Therapeutics, supra.

[0058] FIG. 5(a) illustrates the detection of internalized
phage particles by immunofluorescence microscopy. RG2
glioma cells were grown on chamber slides and incubated
with DSTKSGNM phage. In cells treated with saponin
(saponin +) to permeabilize cell membranes, both internal-
ized and extracellular bound phage particles were accessible
for staining. Without saponin treatment (saponin -), FIG.
5(a) illustrates that only extracellular phage were available
for detection. These slides were then processed for immu-
nofluorescence microscopy with antibody against filed
phage, followed by a fluorescein-conjugated secondary anti-
body to visualize phage particles. The comparison between
saponin-treated and untreated cells indicated that glioma-
specific DSTKSGNM phage were internalized by rat glioma
RG2 cells.

[0059] Referring to FIG. 5(b), the glioma are tumor cells
and the astrocytes are normal cells. The unshaded bars in
both cell illustrations represent absorbance with no treat-
ment, while the gray shaded bars in both illustrations rep-
resent absorbance with control peptides. The sequence for
the control peptide illustrations is d(KLAKLAK),. The
black shaded bars in both cell illustrations represent absor-
bance with targeting peptides linked to the control peptides.
The sequence for the targeting peptide illustrations is
DSTK-GG-d(KLAKLAK),, wherein “GG” is the linker and
“DSTK” is the targeting peptide.

[0060] FIG. 5(b) further illustrates the cytotoxic effect of
d(KLAKLAK), and DSTK-GG-d(KLAKLAK), peptides on
the glioma cells and the normal astrocytes. RG2 glioma cells
and normal rat astrocytes were plated in quadruplicate in
96-well plates for 24 hours. Increasing concentrations (10 or
100 uM) of cytotoxic peptide alone, d(KLAKLAK),, or
cytotoxic peptide linked to targeting peptide, DSTK-GG-
d(KLAKLAK),, were added to the cells for 48 hours incu-
bation. Cytotoxicity of therapeutic peptides were evaluated
by MTT assay.

I claim:
1. A diagnostic technique for designing anti-cancer drugs,
comprising the steps of:
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(a) obtaining a sample of cancer cells;

(b) mixing the cancer cells with a bank of targeting
probes, each targeting probe comprising a targeting
peptide linked to a label;

(¢) identifying one or more targeting probe that binds to
the cancer cells;

(d) correlating the one or more targeting probe with a
bank of peptide drugs, each peptide drug in said bank
of drugs comprised of said targeting peptide linked to
a cytotoxin;

(e) exposing the cancer cells to said one or more peptide
drugs to induce a cytotoxic effect on said cancer cells;
and

() quantifying the cytotoxic effect on said cancer cells.

2. The technique of claim 1 wherein said label is selected
from the group consisting of a fluorescent agent, a radio-
isotope, an enzyme and a metal particle.

3. The technique of claim 1 wherein said sample is
selected from the group consisting of a surgical specimen, a
biopsy specimen and a blood specimen.

4. The technique of claim 1 wherein the targeting probe
that binds to the cancer cells is identified using phage display
technology.

5. The technique of claim 1 wherein a phage expressing
the targeting peptide is linked to said label.

6. The technique of claim 1 wherein after the step of
identifying said one or more targeting probe the further step
of determining the identified targeting probe having the
greater binding affinity for the cancer cells.

7. The technique of claim 1 wherein the cytotoxic agent
is a lytic peptide.

8. The technique of claim 1 wherein the cytotoxic agent
is a radioisotope.

9. The technique of claim 1 wherein the cancer cells are
selected from the group consisting of brain cancer cells,
colon cancer cells, prostate cancer cells, lung cancer cells,
breast cancer cells and skin cancer cells.

10. A method of treating a tumor in mammals, comprising
the steps of:

(a) obtaining a sample of cancer cells;

(b) mixing the cancer cells with a bank of targeting
probes, each targeting probe comprising a targeting
peptide linked to a label;

(¢) identifying one or more targeting probe that binds to
the cancer cells;

(d) correlating the one or more targeting probe with a
bank of peptide drugs, each peptide drug in said bank
of drugs comprised of said targeting peptide linked to
a cytotoxin; and
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(e) administering the said one or more peptide drugs to a
patient having a tumor to expose the tumor to said one
or more peptide drugs and induce a cytotoxic effect
thereto.

11. The method of claim 10 wherein said label is selected
from the group consisting of a fluorescent agent, a radio-
isotope, an enzyme and a metal particle.

12. The method of claim 10 wherein said sample is
selected from the group consisting of a surgical specimen, a
biopsy specimen and a blood specimen.

13. The method of claim 10 wherein the targeting probe
that binds to the cancer cells is identified using phage display
technology.

14. The method of claim 10 wherein a phage expressing
the targeting peptide is linked to said label.

15. The method of claim 10 wherein after the step of
identifying said one or more targeting probe the further step
of determining the identified targeting probes having the
greater binding affinity for the cancerous tumor.

16. The method of claim 10 wherein the cytotoxic agent
is a lytic peptide.

17. The method of claim 10 wherein the cytotoxic agent
is a radioisotope.

18. The method of claim 10 wherein the tumor is selected
from the group consisting of a brain tumor, a colon tumor,
a prostate tumor, a lung tumor, a breast tumor and a skin
tumor.

19. A diagnostic technique for treating individual tumors,
comprising the steps of:

a) collecting tumor samples from individual patients;
b) identifying targeting peptides for the samples; and

¢) synthesizing the targeting peptides linked to a cytotoxic
agent, and

d) preparing drug combinations for the patients.

20. An apparatus for treating individual tumors, compris-
ing:

a) means for collecting the tumors;
b) a bank of peptide probes including at least one targeting

peptide linked to a detection label for establishing
molecular profiles of the tumors; and

¢) a bank of peptide drugs including the at least one
targeting peptide linked to a cytotoxic agent for treat-
ment of the tumors.



