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7) ABSTRACT

The present invention relates to antibodies against Oncofetal
Antigen/immature Laminin receptor protein (OFA/iILRP)
that can be used singly or in conjunction to detect or treat
OFA/iLRP-related diseases. More specifically, the antibodies
can be used for several purposes including: (i) detecting and
measuring OFA/iLRP in different biofluids; and (ii) using
OFA/iLRP with an antibody directed against the monomeric
form and its associated diseases.
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ONCOFETAL ANTIGEN/IMMATURE
LAMININ RECEPTOR ANTIBODIES FOR
DIAGNOSTIC AND CLINICAL
APPLICATIONS

[0001] The present application claims the benefit of the
filing date of U.S. Provisional Application No. 61/163,810
filed Mar. 26, 2009, the disclosure of which is incorporated
herein by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates in general to the
oncofetal antigen/immature laminin receptor protein (OFA/
iLRP). More specifically, the invention provides antibodies
that can be used to detect and treat OFA/ILRP-related dis-
eases.

BACKGROUND OF THE INVENTION

[0003] Theinitial characterization of oncofetal antigen/im-
mature laminin receptor protein (OFA/iLRP) was done by
three independent groups, which studied oncofetal antigen or
laminin receptor [1-3]. OFA/iLRP is a highly conserved pro-
tein that is over-expressed in a range of different cancers and
has a dval function as ribosomal protein p40 [4-27]. The
OFA/iLRP protein is comprised ofa single polypeptide chain
0f295 amino acids and has a molecular weight of about 37-44
kDa. The structure of OFA/ILRP has recently been elucidated
t0 2.15 A [28]. The mature form of the laminin receptor (LRP)
appears to be a dimer of acetylated OFA/iLRP, with a molecu-
lar weight of 67 kDa. The structure showed that the region
between amino acids 112 to 140 of OFA/ILRP is involved in
dimerization [28] of OFA/iILRP for forming the LRP.
Although the 67 kDa LRP is on many normal cells as well as
on tumor cells, there appears to be a preferential expression of
the OFA/iLRP by fetal and tumor cells. Thus, the expression
pattern makes OFA/ILRP a possible candidate protein to sen-
sitize the immune system for the treatment of cancer and other
diseases [6]. Antibodies specific for OFA/iLRP may also be
used for the detection, diagnosis, and treatment of diseases
known to be related to OFA/iLRP mis-expression.

[0004] The initial work on OFA/ILRP antibodies falls
under two separate fields, the oncofetal antigen or the laminin
receptor sides. The initial report of monoclonal antibodies
against OFA/iILRP was found the same year for both the
embryonic/fetal antigen and the laminin receptor [29, 30].
The antibodies developed against embryonic or fetal antigen
reacted with a 44 kDa protein under denaturing conditions
[30]. Antibodies previously developed against the laminin
receptor had different biological activities based on the loca-
tion of antibody binding [29]. One region that had biological
activity of blocking laminin binding was recognized by
monoclonal IgM antibody. The epitope that the monoclonal
IgM antibody recognized was TEDWSAQPATEDWSA [26].
Studies on the 44 kDa OFA showed that the IgM monoclonal
antibody (MAb 115) can be used for western blots, flow
cytometry, and possibly oncogenicity testing [31]. However,
since this antibody was not designed specifically against the
OFA|OFA dimerization region, it reacts with both OFA/ILRP
and LRP[31]. This monoclonal antibody was used for immu-
nohistochemistry and protein purification of the OFA/iLRP
or LRP [12, 32]. A different antibody was developed from
peptides that detected the 67 kDa laminin receptor and

Sep. 30,2010

showed increased laminin receptor expression in breast can-
cer [5,33]. Several published manuscripts describe the use of
OFA/LRP antibodies, while looking for autoimmune anti-
bodies [6, 9, 10, 16, 19, 20, 25, 27, 34-36].

[0005] Since OFA/iLRP is associated with a range of dif-
ferent diseases, there is a need to develop diagnostic and
clinical antibody applications. To date, there have been only a
few attempts to develop a targeted antibody using peptides
and this has been limited to one published report [5]. The
region used in the published report produced antibodies that
was reported to react with both the OFA/iLRP and laminin
receptor [5,25]. Thus, a need exists to develop antibodies that
are specific to OFA/iLRP, which can be used alone or in
conjunction with other antibodies, to develop a range of dif-
ferent clinical, diagnostic, and/or veterinary applications. The
development of antibodies in pairs, one that can recognize
OFA/iLRP and one that can recognize both OFA/iLRP and
LRP, allows for the development of several tests that can be
use to treat, diagnosis or act as a reagent in OFA/iLRP dis-
eases in all species due to the conserved nature of the protein.

SUMMARY OF THE INVENTION

[0006] One aspect of the present invention provides an
isolated antibody that specifically binds to a region of the
oncofetal antigen/immature laminin receptor protein (OFA/
iLRP), wherein the region is immunogenic. In one embodi-
ment, the immunogenic regions of OFA/iLRP include, but are
not limited to, polvpeptide sequences of (a) FFREPRLLVVT-
DPR, (b) VIDPRADHQPLTE, (¢) YRDPEEIEKEEQ), or (d)
FPTEDWSAQPATED. In another embodiment, the isolated
antibody of the present invention is a polyclonal or mono-
clonal antibody, including but not limited to, monoclonal
antibody 2C6 or 3G7. In further another embodiment, the
immunogenic region is located in the dimerization region of
OFA/ILRP.

[0007] Theantibodies ofthe present invention are produced
by immunizing against immunogenic regions of OFA/ALRP.
The antibodies can recognize both the full-length OFA/iLRP
protein and the immunogenic regions of OFA/iLRP that are
used to produce the antibodies of the present invention. In one
embodiment, the antibodies are specific for OFA/iLRP. In an
alternative embodiment, the antibodies recognize both OFA/
iLRP and mature LRP.

[0008] The antibodies of the invention can be used in dif-
ferent methods for detecting proteins or cancers related to
OFA/ILRP.

[0009] In one embodiment, the antibodies are used in a
method for detecting OFA/iILRP in a sample. The method
comprises:

[0010] (a) contacting the sample with first and second
antibodies that specifically bind to a region of the
oncofetal antigen/immature laminin receptor protein
(OFA/iLRP) respectively, wherein at least one of the
antibodies is specific for OFA/iLRP;

[0011] (b) allowing the antibodies to bind to OFA/iLRP
and form a sandwich with OFA/iLRP; and

[0012] (c) detecting the expression of OFA/ILR in the
sample using the antibody specific for OFA/iLRP.

[0013] Inoneembodiment, one of the antibodies may bind
to both OFA/ILRP and mature LRP, and act as a capture
antibody. Another antibody may be specific for OFA/ALRP
and acts as a detection antibody.
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[0014] Inanother embodiment, the antibodies of the inven-
tion are used ina method of detecting cancer in a sample. The
method comprises:
[0015] (a) contacting the sample with antibodies specific
for OFA/ALRP;
[0016] (b) contacting the sample with a biotinylated sec-
ondary antibody; and
[0017] (c) detecting OFA/ILRP in the sample using
streptavidin,
[0018] wherein the detection of OFA/iLRP in the sample is
indicative of cancer.
[0019] In, a further embodiment, the invention provides a
method of determining the amount of OFA/iLRP in a sample
comprising:
[0020] (a) conjugating an antibody specific for OFA/
iLRP to a fluorophore;
[0021] (b) contacting the conjugated antibody in a
sample; and
[0022] (c) determining the amount of OFA/iLRP in the
sample using fluorescent polarization.
[0023] Antibodies of the present invention may also be
used in a method of determining the amount of OFA/LRP
positive cancer cells in a blood sample. The method com-
prises:
[0024] (a) contacting a blood sample with an antibody
specific for OFA/iLRP! and
[0025] (b) determining the amount of OFA/ILRP in the
sample using flow cytometry.
[0026] Antibodies of the invention may also be used in a
method of treating a OFA/ILRP positive cancer. The method
comprises administering an amount of antibodies specific for
OFA/iLRP to a subject with the OFA/iLRP positive cancer
that is sufficient to ameliorate the cancer-related symptoms.
In one embodiment, the antibodies are linked to colloids
having anti-cancer properties or are conjugated with chemo-
therapeutic agents or protein.
[0027] The present invention also provides methods of
detecting a OFA/iILRP positive cancer in a subject. The
method comprises:
[0028] (a)conjugating antibodies specific for OFA/ILRP
to a radiopaque dye;
[0029] (b) administering the conjugated antibody to a
subject; and
[0030] (c) detecting the conjugated antibody using an
X-ray,
[0031] wherein the detection of OFA/ILRP on the x-ray is
indicative of cancer.
[0032] Another aspect of the present invention provides a
pharmaceutical composition comprising an antibody of the
present invention. The composition may include a pharma-
ceutical carrier.
[0033] The above-mentioned and other features of this
invention, and the manner of obtaining and using them, will
become more apparent, and will be best understood by refer-
ence to the following description, taken in conjunction with
the accompanying drawings. The drawings depict only typi-
cal embodiments ofthe invention and do not therefore limit its
scope.

BRIEF DESCRIPTION OF THE FIGURES

[0034] FIG. 1. Titration of OFA/LRP polyclonal serum
against BSA conjugate OFA/ILRP peptides. Detection of
antibody antigen reaction used a biotinylated universal sec-
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ondary antibody mixture. Absorbance was measured on a
SpectraMax and data was analyzed using Prism Graph.
[0035] FIG. 2. Titration of OFA/ALRP polyclonal serum
against OFA/iLRP. Detection of OFA/iILRP antibody antigen
interaction using a biotinylated secondary antibody. Prism
Graph of the Absorbance read at A620 on a Beckman DTX
880.

[0036] FIG. 3. Dilution curve of monoclonal antibodies
2C6 and 3G7 run on an indirect ELISA against OFA/iLRP.
[0037] FIG. 4. Sandwich ELISA of rOFA/ALRP to deter-
mine the reactivity of monoclonal antibodies (2C6 and 3G7).
Raw data was plotted on a semi-log graph and cure fitting was
done using the 4-parameter logistic following standard pro-
tocols (SoftMax Pro 4.3.1 LS).

[0038] FIG. 5. Fluorescent polarization of OFA/iLRP. (A)
Raw data was plotted on a log x-axis. (B) Curve fit data using
four-parameter logistic (*=0.975) n=2.

[0039] FIG. 6. IHC staining of human invasive ductal car-
cinoma, moderately differentiated, T2NIMO using 3G7
monoclonal antibody for the primary antibody reaction. The
very dark regions are where cells are expressing large
amounts of OFA/iLRP and a thick precipitate was deposited.
[0040] FIG. 7. The effect of 2C6 and 3G7 antibodies on cell
viability was measured using CellTiter Blue. The decreased
viability caused by the addition of antibodies is indicated by
a lower fluorescent signal. The effect of the antibodies and
requirement for laminin was determined by growing on either
laminin/entactin coated or untreated plates.

DETAILED DESCRIPTION OF THE INVENTION

[0041] It was a surprise discovery of the present invention
that immunogenic peptides may be derived from putative
isotope regions of OFA/iILRP, and used to generate antibodies
against specific regions of OFA/iLRP that were not previ-
ously discovered.

[0042] Accordingly, one aspect of the present invention is
directed to an isolated antibody which specifically binds to a
region of the oncofetal antigen/immature laminin receptor
protein (OFA/iLRP), wherein the region is immunogenic. For
the purpose of the present invention, an “isolated” antibody is
one which has been identified and separated, and/or recov-
ered from a component of its natural environment.

[0043] In one embodiment of the present invention, the
antibody is specific for OFA/ILRP. An antibody is specific for
OFA/ILRP if it preferentially binds to OFA/iLRP, not the 67
kDa form of the laminin receptor under a well-known stan-
dard antibody-binding condition. Examples of such an anti-
body include, but are not limited to, 3G7. In a different
embodiment, the antibody of the present invention may rec-
ognize both OFA/ILRP and the 67 kDa form of the laminin
receptor. Examples of such an antibody include, but are not
limited to, 2C6. In a further embodiment, the antibody of the
invention bind to the dimerization region of OFA/iLRP. For
the purpose of the present invention, the dimerization region
is a region between amino acids 112 to 140 of OFA/iPRP
full-length protein that are involved in dimerization [28] of
OFA/ILRP.

[0044] The antibodies of the present invention can recog-
nize full length OFA/iLRP proteins. They can also recognize
specific regions of OFA/ILRP that are immunogenic, particu-
larly the dimerization region. For the purpose of the present
invention, a region of OFA/iLRP is immunogenic if polypep-
tides derived from that region can provoke an immune
response and can be used to produce the antibodies of the
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present invention. For example, antibodies generated by the
fourimmunogenic peptides listed in Table 2 can recognize the
full-length OFA/iILRP protein, their respective immunogenic
peptides, and the regions of OFA/LRP comprising those
peptides.

[0045] For the purpose of the present invention, an “anti-
body” is an immunoglobulin molecule capable of specific
binding to a target, such as a receptor, carbohydrate, poly-
nucleotide, lipid, polypeptide, etc., through at least one anti-
gen recognition site, located in the variable region of the
immunoglobulin molecule. As used herein, the term encom-
passes not only intact polyclonal or monoclonal antibodies,
but also fragments thereof (such as Fab, Fab', F(ab').sub.2,
Fv), single chain (ScFv), mutants thereof, fusion proteins
comprising an antibody portion, and any other modified con-
figuration of the immunoglobulin molecule that comprises an
antigen recognition site. An antibody includes an antibody of
any class, such as IgG, IgA, or [gM (or sub-class thereof), and
the antibody need not be of any particular class. Depending
on the antibody amino acid sequence of the constant domain
of its heavy chains, immunoglobulins can be assigned to
different classes. There are five major classes of immunoglo-
bulins: IgA, IgD, IgE, IgG, and IgM, and several of these may
be further divided into subclasses (isotypes), e.g., IgGl,
1gG2, IgG3, 1gG4, IgA1 and IgA2. The heavy-chain constant
domains that correspond to the different classes of immuno-
globulins are called alpha, delta, epsilon, gamma, and mu,
respectively. The subunit structures and three-dimensional
configurations of different classes of immunoglobulins are
well known.

[0046] The antibody of the present invention is further
intended to include bispecific, multispecific, single-chain,
and chimeric and humanized molecules having affinity for a
polypeptide conferred by at least one OFA/iLRP region of the
antibody. Antibodies of the present invention also include
single domain antibodies which are either the variable
domain of an antibody heavy chain or the variable domain of
an antibody light chain. Methods of making domain antibod-
ies comprising either the variable domain of an antibody
heavy chain or the variable domain of an antibody light chain,
containing three of the six naturally-occurring complemen-
tarity-determining regions from an antibody, are also known
in the art. See, e.g., Muyldermans, Rev. Mol. Biotechnol.,
74:277-302, 2001.

[0047] In one embodiment, the antibodies developed
against OFA/iLRP are monoclonal antibodies. Monoclonal
antibodies, such as 2C6 and 3G7, can also recognize the full
length OFA/iLRP protein, their respective immunogenic pep-
tides, and the regions of OFA/ILRP comprising those pep-
tides. However, monoclonal antibody 3G7 does not recognize
the mature form of LRP (the dimer form), whereas mono-
clonal antibody 2C6 does. Although, high doses of 3G7 anti-
body may disrupt the OFA/ALRP dimer.

[0048] As used herein, the term “monoclonal antibody”
refers to an antibody of substantially homogeneous antibod-
ies, i.e., the individual antibodies comprising the population
are identical except for possible naturally-occurring muta-
tions that may be present in minor amounts. Monoclonal
antibodies are generally highly specific, being directed
against a single antigenic site. Furthermore, in contrast to
polyclonal antibody preparations, which typically include
different antibodies directed against different determinants
(epitopes), each monoclonal antibody is directed against a
single determinant on the antigen. The modifier “mono-

Sep. 30,2010

clonal” indicates the character of the antibody as being
obtained from a substantially homogeneous population of
antibodies, and is not to be construed as requiring production
of the antibody by any particular method. For example, the
monoclonal antibodies to be used in accordance with the
present invention may be made by recombinant DNA meth-
ods such as described in U.S. Pat. No. 4,816,567. The mono-
clonal antibodies may also be isolated from phage libraries
generated using the techniques described in McCafferty et al.,
1990, Nature, 348:552-554, for example.

[0049] Theantibodies of the present invention are produced
by immunizing against peptides based on selected criteria.
The selection of the peptides and the selection criteria are
fully disclosed in the patent application entitled “Oncofetal
Antigen/Immature Laminin Receptor Peptides For The Sen-
sitization Of Dendritic Cells For Cancer Therapy” which is
concurrently filed with the present application, the relevant
content of which is fully incorporated herein. In general, a
polypeptide or peptide comprising at least a part, i.e., the
whole or a part, of the amino acid sequence of OFA/ALRP,
may be used as an antigen as long as it can elicit specific
antibody response wherein the antibodies so generated can
recognize both the full length OFA/LRP and the immuno-
genic peptides used therein. According to embodiments of the
present invention, immunogenic peptides are generated based
ondifferent putative epitope regions of OFA/iLRP. In order to
increase reproducibility and the chances of a multi-functional
antibody against OFA/iLRP, either to be used alone or in
conjunction with the antibody against the dimerization region
of OFA/ILRP, preferably, antibodies are developed against
the regions or epitopes listed in Table 1. In one embodiment,
the following four peptides are used for generating antibodies
of the present invention: 1) FREPRLLVVTDPR, 2) VID-
PRADHQPLTE, 3) YRDPEEIEKEEQ, 4) FPTEDWSAQ-
PATED.

[0050] The peptides of the present invention may be pre-
pared by chemical synthesis or biochemical synthesis using
Escherichia coli or the like. Methods well known to those
skilled in the art may be used for the synthesis.

[0051] When the peptide of the invention is chemically
synthesized, methods well known in the field of peptide syn-
thesis may be used. For example, such methods as the azide
method, the acid chloride method, the acid anhydride method,
the mixed acid anhydride method, the DCC method, the
active ester method, the carbodiimidazole method and the
oxidation-reduction method may be enumerated. Either solid
phase synthesis or liquid phase synthesis may be used. A
commercial peptide synthesizer (e.g., Shimadzu PSSM-8)
may also be used.

[0052] After the reaction, the peptide of the invention may
be purified by a combination of conventional purification
methods such as solvent extraction, distillation, column chro-
matography, liquid chromatography, or re-crystallization.
[0053] The peptides of the invention may be modified to
increase its immunogenic response. In one embodiment,
alterations of the peptides may include a cysteine residue at
either end that allow for conjugation to Keyhole Limpet
hemocyanin, ovalbumin, serum albumin, or other conjugates
used to increase a peptide immunogenic response. Table 2
lists the examples of modified peptides for conjugation.
[0054] The peptides can be used in a range of different
organisms to create antibodies. The antibodies can also be
cloned to generate a range of different recombinant antibod-
ies based on well-known protein technologies. One of the
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objectives of the present invention is to develop antibodies
directed against specific regions of OFA/iLRP by immuniz-
ing against the peptides of the present invention instead of
immunizing against the full-length protein, and selecting
antibodies based on their immuno-specificities against spe-
cific regions of OFA/iILRP.

[0055] The monoclonal antibodies of the present invention
can be generated using methods known in the art. For
example, they may be generated by culturing the hybridoma
cells, and the antibodies secreted by the hybridoma cells may
further be isolated or purified. Antibodies may be isolated or
purified from the culture medium or ascites fluid by conven-
tional immunoglobulin purification procedures such as, for
example, protein A-Sepharose.RTM., hydroxylapatite chro-
matography, gel electrophoresis, dialysis, or affinity chroma-
tography.

[0056] The antibodies of the invention can also be made by
recombinant DNA methods, such as those described in U.S.
Pat. Nos. 4,816,567 and 6,331,415, which are hereby incor-
porated by reference, for example, DNA encoding the mono-
clonal antibodies of the invention can be readily isolated and
sequenced using conventional procedures (e.g., by using oli-
gonucleotide probes that are capable of binding specifically
to genes encoding the heavy and light chains of murine anti-
bodies). The hybridoma cells of the invention serve as a
preferred source of such DNA. Once isolated, the DNA canbe
placed into expression vectors, which are then transfected
mto host cells, such as simian COS cells, Chinese hamster
ovary (CHO) cells, or myeloma cells that do not otherwise
produce immunoglobulin protein, to obtain the synthesis of
monoclonal antibodies in the recombinant host cells. The
DNA also can be modified, for example, by substituting the
coding sequence for human heavy and light chain constant
domains in place of the homologous murine sequences (U.S.
Pat. No. 4,816,567) or by covalently joining to the immuno-
globulin coding sequence all or part of the coding sequence
for a non-immunoglobulin polypeptide. Such a non-immu-
noglobulin polypeptide can be substituted for the constant
domains of an antibody ofthe invention, or can be substituted
for the variable domains of one antigen-combining site of an
antibody of the invention to create a chimeric bivalent anti-
body.

[0057] The antibodies of the present invention can be used
for a range of different functions. In one embodiment, anti-
bodies of the present invention may be used to detect malig-
nant tissue through conjugation with chemical, radiological,
and nuclear adjuvants. Additionally, these antibodies may be
used as therapeutically to provide passive immunity,
increased immune response in its native or altered or if con-
Jugated to a: chemical, radiological “seed” source, microelec-
trical devices, silver colloid, gold, titanium dioxide colloid,
biopolymer colloid (i.e., starch, collagen, agarose, etc.), pep-
tide sequence or protein sequence, to aid in the targeted
destruction of malignant cells. Due to the highly conserved
nature of OFA/iLRP, the antibodies can also be used as a
reagent and should cross-react with all organisms that express
the protein.

[0058] Accordingly, another aspect of the present invention
provides pharmaceutical compositions comprising antibod-
ies or polypeptides described herein. The antibodies or
polypeptides of the compositions may be used alone or con-
Jugated to chemical, radiological “seed” source, microelec-
trical devices, silver colloid, gold, titanium dioxide colloid,
biopolymer colloid (i.e., starch, collagen, agarose, etc.), pep-
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tide sequence, or protein sequence, that can aid in the targeted
destruction of malignant cells.

[0059] The compositions may also comprise a pharmaceu-
tically acceptable carrier or excipients. Pharmaceutically
acceptable excipients are known in the art, and are relatively
inert substances that facilitate the administration of a phar-
macologically-effective substance. For example, an excipient
can give form or consistency, or act as a diluent. Suitable
excipients include, but are not limited to, stabilizing agents,
wetting and emulsifying agents, salts for varying osmolarity,
encapsulating agents, buffers, and skin penetration enhanc-
ers. Excipients as well as formulations for parenteral and
nonparenteral drug delivery are set forth in Remington, The
Science and Practice of Pharmacy 20th Ed. Mack Publishing
(2000).

[0060] Thecomposition ofthe invention is formulated to be
compatible with its intended route of administration.
Examples of routes of administration include parenteral, e.g.,
intravenous, intradermal, subcutaneous, oral (e.g., inhala-
tion), transdermal (topical), transmucosal, and rectal admin-
istration. Solutions or suspensions used for parenteral, intra-
dermal, or subcutaneous application can include the
following components: a sterile diluent such as water for
injection, saline solution, fixed oils, polyethylene glycols,
glycerine, propylene glycol or other synthetic solvents; anti-
bacterial agents such as benzyl alcohol or methyl parabens;
antioxidants such as ascorbic acid or sodium bisulfite; chelat-
ing agents such as ethylenediaminetetraacetic acid; buffers
such as acetates, citrates or phosphates; and agents for the
adjustment of tonicity such as sodium chloride or dextrose.
pH can be adjusted with acids or bases, such as hydrochloric
acid or sodium hydroxide. The parenteral preparation can be
enclosed in ampoules, disposable syringes, or multiple dose
vials made of glass or plastic.

[0061] Compositions suitable for injectable use include
sterile aqueous solutions (where water soluble) or disper-
sions, and sterile powders for the extemporaneous prepara-
tion of sterile injectable solutions or dispersion. For intrave-
nous administration, suitable carriers include physiological
saline, sterile water, Cremophor EL™ (BASF, Parsippany,
N.I.), or phosphate buffered saline (PBS). In all cases, the
composition must be sterile and should be fluid to the extent
that easy syringability exists. It should be stable under the
conditions of manufacture and storage, and mustbe preserved
against the contaminating action of microorganisms such as
bacteria and fungi. The carrier can be a solvent or dispersion
medium containing, for example, water, ethanol, polyol (for
example, glycerol, propylene glycol, and liquid polyethey-
lene glycol, and the like), and suitable mixtures thereof. The
proper fluidity can be maintained, for example, by the use of
a coating such as lecithin, by the maintenance of the required
particle size in the case of dispersion, and by the use of
surfactants. Prevention of the action of microorganisms can
be achieved by various antibacterial and antifungal agents, for
example, parabens, chlorobutanol, phenol, ascorbic acid,
thimerosal, and the like. In many cases, it will be preferable to
include isotonic agents, for example, sugars, polyalcohols
suich as manitol, sorbitol, or sodium chloride in the composi-
tion. Prolonged absorption of the injectable compositions can
be brought about by including in the composition an agent
which delays absorption, for example, aluminum monostear-
ate and gelatin.

[0062] Sterile injectable solutions can be prepared by
incorporating the compounds in the required amounts in an
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appropriate solvent with one or a combination of ingredients
enumerated above, as required, followed by filtered steriliza-
tion. Generally, dispersions are prepared by incorporating the
compounds into a sterile vehicle which contains a basic dis-
persion medium and the required other ingredients from those
enumerated above. In the case of sterile powders for the
preparation of sterile injectable solutions, the preferred meth-
ods of preparation are vacuum drying and freeze-drying,
which yields a powder of the active ingredient plus any addi-
tional desired ingredient from a previously sterile-filtered
solution thereof.

[0063] Oral compositions generally include an inert diluent
oranedible carrier. For the purpose of oral therapeutic admin-
istration, the compounds can be incorporated with excipients
and used in the form of tablets, troches, or capsules, e.g.,
gelatin capsules. Oral compositions can also be prepared
using a fluid carrier for use as amouthwash. Pharmaceutically
compatible binding agents, and/or adjuvant materials can be
included as part of the composition. The tablets, pills, cap-
sules, troches, and the like can contain any of the following
ingredients, or compounds of a similar nature: a binder such
as microcrystalline cellulose, gum tragacanth or gelatin; an
excipient such as starch or lactose, a disintegrating agent such
as alginic acid, Primogel, or corn starch; a lubricant such as
magnesium stearate or Sterotes; a glidant such as colloidal
silicon dioxide; a sweetening agent such as sucrose or sac-
charin; or a flavoring agent such as peppermint, methyl sali-
cylate, or orange flavoring.

[0064] For administration by inhalation, the compositions
are delivered in the form of an aerosol spray from a pressur-
ized container or dispenser which contains a suitable propel-
lant, e.g., a gas such as carbon dioxide, or a nebulizer.
[0065] Systemic administration can also be by transmu-
cosal or transdermal means. For transmucosal ot transdermal
administration, penetrants appropriate to the barrier to be
permeated are used in the formulation. Such penetrants are
generally known in the art, and include, for example, for
transmucosal administration, detergents, bile salts, and
fusidic acid derivatives. Transmucosal administration can be
accomplished through the use of nasal sprays or supposito-
ries. For transdermal administration, the compounds are for-
mulated into ointments, salves, gels, or creams as generally
known in the art.

[0066] The compositions of the invention can also be pre-
pared in the form of suppositories (e.g., with conventional
suppository bases such as cocoa butter and other glycerides)
or retention enemas for rectal delivery.

[0067] In one embodiment, the compositions are prepared
with carriers that will protect the compounds against rapid
elimination from the body, such as a controlled release for-
mulation, including implants and microencapsulated delivery
systems. Biodegradable, biocompatible polymers can be
used, such as ethylene vinyl acetate, polyanhydrides, polyg-
lycolic acid, collagen, polyorthoesters, and polylactic acid.
Methods for preparation of such formulations will be appar-
ent to those skilled in the art. The materials can also be
obtained commercially from Alza Corporation and Nova
Pharmaceuticals, Inc. Liposomal suspensions (including
liposomes targeted to infected cells with monoclonal antibod-
ies to viral antigens) can also be used as pharmaceutically
acceptable carriers.

[0068] Tt is advantageous to formulate oral or parenteral
compositions in dosage unit form for ease of administration
and uniformity of dosage. “Dosage unit form,” as used herein,
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refers to physically discrete units suited as unitary dosages for
the subject to be treated. Each unit contains a predetermined
quantity of active compound calculated to produce the
desired therapeutical effect in association with the required
pharmaceutical carrier.

[0069] The compositions of the invention can be included
in a container, pack, or dispenser, together with instructions
for administration to form packaged products. Other active
compounds can also be incorporated into the compositions.
[0070] A further aspect of the present invention provides a
method of using the antibodies and polypeptides of the
present invention for detection, diagnosis, and monitoring of
a disease, disorder, or condition associated with the epitope
expression of OFA/iLRP, either increased or decreased rela-
tive to a normal sample, and/or inappropriate expression,
such as the presence of expression in tissues(s) and/or cell(s)
that normally lack the epitope expression.

[0071] In some embodiments, the method comprises
detecting the epitope expression in a sample obtained from a
subject suspected of having cancer, or any disease that is
associated with OFA/iLRP. Preferably, the method of detec-
tion comprises contacting the sample with an antibody or
polypeptide of the present invention under a condition that
allows the binding of the antibody to the epitope region of
OFA/iLRP and determining whether the level of binding dif-
fers from that of a control or comparison sample. The method
is also useful to determine whether the antibodies or polypep-
tides described herein are an appropriate treatment for the
patient.

[0072] For purposes of diagnosis, the polypeptide includ-
ing antibodies can be labeled with a detectable moiety includ-
ing, but not limited to, radioisotopes, fluorescent labels, and
various enzyme-substrate labels known in the art. Methods of
conjugating labels to an antibody are known in the art.
[0073] In some embodiments, the polypeptides including
antibodies of the invention need not be labeled, and the pres-
ence thereof can be detected using a labeled antibody which
binds to the antibodies of the invention.

[0074] The antibodies of the present invention can be
employed in any known assay method, such as competitive
binding assays, direct and indirect sandwich assays, and
immunoprecipitation assays. Zola, Monoclonal Antibodies:
A Manual of Techniques, pp. 147-158 (CRC Press, Inc.
1987).

[0075] The antibodies and polypeptides can also be used
for in vivo diagnostic assays, such as in vivo imaging. Gen-
erally, the antibody or the polypeptide is labeled with a radio-
nuclide (such as **In, *“Te, **C, *'1, 1°1, or *H), so that the
cells or tissue of interest can be localized using immunoscin-
tigraphy.

[0076] The antibody may also be used as a staining reagent
in pathology using techniques well known in the art.

[0077] The invention will be further described by reference
to the following detailed embodiments and examples. These
embodiments and examples are provided for the purposes of
illustration only, and are not intended to limit the scope of the
invention described herein.

Development of Antibodies Against Specific Regions of
OFA/ILRP

[0078] Antibodies are made against OFA/iLRP using a
range of different peptides that are directed against a range of
different putative epitope regions of OFA/iLRP. Table 1 pro-
vides a list of such peptides. The peptides are conjugated to
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Keyhole Limpet Hemocyanin (KLH) following standard pro-
tocols [37-39]. The KLH-OFA/iLRP peptides are used to
immunize mice following standard protocols [37, 39]. After
the third immunization against the KLH-OFA/iLRP peptide,
the serum isolated from mouse-tail bleed are screened against
bovine serum albumin (BSA) conjugated-OFA/ILRP pep-
tides using an indirect ELISA technique using standard pro-
tocols (FIG. 1 and Table 1). Briefly, OFA/ALRP was coated on
a Nunc Star Immunosorp plate overnight at 4° C. The plate
was washed and blocked 3 times with water. Mouse serum
obtained via tail bleed was diluted in PBS-t with BSA and was
incubated for 1 hour at room temp. The plate was washed and
the antibody antigen interaction was detected using standard
methods with a biotinylated secondary antibody (FIGS.
1A-B). Absorbance was read at A620 on a Beckman DTX 880
and graphed using Prism Graph S (FIG. 1C). The bars show
the mean of two independent experiments from two animals
per immunizing peptide. Positive control was coated with
BSA and BSA antibodies. The negative control had no pro-
tein coating.

[0079] In addition to peptide screening, the tail-bleeds are
tested against OFA/iLRP isolated using standard protocols
[1-3.5,26,29,30]. Briefly, full length OFA/iLRP is coated on
aNunc-Immuno Star MaxiSorp plate and diluted to 5 ug/mlin
PBS with sodium azide for 2 hours at 37° C. The plates are
washed three times in 18.2 megaohm water and blocked for 1
hour at 25° C. using PBS-t with 5% drv milk powder. The
plate is washed 3 times with PBS-t. The serum from the tail
bleed is diluted in blocking buffer (above) and incubated
overnight at 4° C. The plate is washed using PBS-t as above.
The antibody-antigen complex is detected using a biotin goat
anti-mouse antibody, diluted in blocking buffer, and incu-
bated for 1 hour at 25° C. The plate is washed three times
using PBS-t. The secondary antibody is detected using Stre-
pavidin-Horseradish Peroxidase (HRP), diluted in the block-
ing buffer, and incubated for 30 min at 25° C. Plates are
washed as above. The final detection step follows standard
protocols using a Sigma FAST™ OPD system and read on a
SpectraMax 384.

Antibodies Used in an Antibody-Sandwich ELISA to Detect
OFA/ILRP

[0080] Theexpression of OFA/ILRP RNA and protein have
been linked to more aggressive forms of cancer [2, 3, 5, 6, 8,
10,13,15-17, 20,21, 23, 25,26, 29, 40]. However, the protein
work has primarily concentrated on the 67 kDa form and
immunohistochemistry. One of the objects of the present
invention is to develop a standard sandwich ELISA where
two OFA/iILRP antibodies designed against distinct regions
are used. The capture antibody that is specific for OFA/ALRP
can be used to quantify the amount of 37 kDa OFA/ALRP
present, and capture antibodies outside this region can be
used to quantify total OFA/iLRP present.

[0081] Briefly, the antibody-sandwich ELISA follows stan-
dard techniques as follows. The capture antibody is coated on
aNunc Star Immunosorb plate (or similar) which is then
coated with a range of different concentrations of capture
antibody against the FREPRLLVVTDRADHQPLT peptide
in carbonate buffer and incubated at 4° C. overnight. The
optimum concentration of capture and detection antibody is
determined using the “criss-cross” method of dilutions [39].
The plate is washed three times in water and three times with
PBS-t. Once washed, the plate is blocked for 1 hour using a
standard blocking buffer. The blocked plate is washed three
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times with PBS-t. The soluble protein lysate is tested with a
standard blocking buffer and OFA/ALRP is incubated from 1
hour at room temperature to overnight at 4° C. When the
initial incubation is completed, the plate is washed 3 times
with PBS-t. To detect the OFA/iLRP capture antibody inter-
action, a secondary/detection antibody is diluted in blocking
buffer and incubated at room temperature for at least one
hour. The plate is washed 3 times using PBS-t. The detection
antibody is conjugated to biotin (or other methods). The
biotin conjugate is detected using Strepavidin/Horseradish
Peroxidase (HRP) or the equivalent. The strepavidin is
diluted in an appropriate block and incubated for 30 minutes
at room temperature. The plate is washed and the HRP enzy-
matic conjugate on the strepavidin is detected using the
SIGMA FAST™ OPD system following standard protocols.
The amount of OFA/iLRP present is read on a SpectraMax
384 or the equivalent. The concentration of OFA/ILRP is
back-calculated using the standard curve generated from
purified OFA/iLRP and multiplied by the dilution factor fol-
lowing standard curve fitting methods [37]. It may also be
possible to detect the monomeric form of OFA/iLRP by using
anon-specific capture antibody, followed by using a detection
antibody that is directed against the monomeric region. A
combination of capture and detection antibodies against
regions outside of the dimerization region can be used to
determine the total amount of OFA/iLRP present in biofluids
or tissue lysates.

[0082] To detect the native dimeric form of OFA/iLRP, a
standard ELISA is used as above. However, instead of using
an antibody developed against the monomeric region, the
antibodies used are outside of this region, but have a great
enough distance from the detection antibody used above to
allow for proper binding. The 67 kDa OFA/iLRP is purified
following standard protocols[2, 3,26, 29]. The size is verified
as above, either using native gel electrophoresis or size exclu-
sion chromatography. A standard ELISA is performed with a
capture antibody against an epitope that is different than
FREPRLLVVTDRADHQPLT to capture the dimer, and then
the biotinylated detection antibody used in the monomer
detection is used. ELISA is processed following standard
protocols [39]. This will determine the amount of dimer OFA/
iLRP present in biofluids and tissue lysate. Additional infor-
mation on the nature, metastatic load, and other clinically
relevant information may be obtained by the ratio of mono-
meric OFA/ILRP to total OFA/LRP.

Immunohistochemical Detection of OFA/iLRP

[0083] The antibodies listed above can be used for immu-
nohistochemistry (IHC) as a method to detect cancer and
possible cancer in situ. Similar techniques have been used to
identify cancer, however, they detect the 67 kDa protein [3,
17, 41]. THC methods follow the standard protocols that have
been customized for OFA/iLRP detection. The protocol is
similar to listed below:

[0084] Cut tissue is deparaffinized following standard pro-
tocols for histological analysis of tissue, such as xylenes,
followed by descending concentrations of ethanol, and into at
least Type 1 Lab water. Antigen retrieval follows standard
protocol, using Heat Induced Epitope Retrieval (HIER) in
0.01 M citrate buffer adjusted to pH 6.0. The epitope(s) can be
retrieved using either direct heat method (hotplate) or an
indirect heat method (microwave) [37]. Briefly, the deparaf-
finized tissue sections are placed in a slide holder and placed
in a staining dish filled with citrate buffer at >90° C. The
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tissue is heated and maintained >90° C. for around 10 min-
utes. The time of processing depends on the tissue type, tissue
thickness, and a range of other factors. Once properly pro-
cessed, the tissue is washed 3 times in phosphate buffered
saline with 0.1% Tween-20 (PBS-t) following standard meth-
ods. The tissue is incubated with standard THC blocking
buffer (PBS-t with BSA or other reagents used to decrease
non-specific antibody/protein interactions) at room tempera-
ture ina humid chamber. The slides are washed three times in
PBS-t. The OFA/iLRP antibodies are diluted appropriately in
PBS-t with BSA or the equivalent and incubated with the
processed tissue. The slides are washed as above (3xPBS-t).
The tissue is incubated with biotinylated universal secondary
antibody (or equivalent) to allow for detection using a stre-
pavidin-based system. The slides are washed as above and the
OFA/iLRPIAbI2° antibody complex is detected using stan-
dard strepavidin conjugated to either: Alkaline Phosphatase
(AP), Horseradish Peroxidase (HRP), Quantum Dot, fluoro-
phore, radio nucleotide, or other detection method [37, 39,
42]. The tissue is visualized following standard protocols.

Use of OFA/iILRP Antibodies for Fluorescent Polarization
Quantification

[0085] Theantibodies can be used for fluorescent polariza-
tion (FP) experiments to determine the amount of OFA/iLRP
present. Additionally, a ratio of FP of monomer versus dimer
may be possible. FP can also be used to determine the mobil-
ity of OFA/ALRP on the cell surface. Determining the use of
the antibodies in a fluorescent polarization experiment is
based upon previous work but is developed specifically for
OFA/iLRP quantification [43-49]. In order to determine the
use of OFA/ILRP antibodies, the monoclonal antibody is
conjugated to a standard fluorophore and the 1abeled antibody
can be removed from the free label following the SM-2 bio-
beads protocol [50]. Once purified, the protein concentration
and fluorescent incorporation can be determined as a ratio of
protein to fluorophore. Once conjugated, the antibody can be
stored appropriately and used later.

[0086] To test the ability of the antibody to be used in FP
experiments, the antibody can be mixed with the appropriate
amounts similar to the determination of the antibody concen-
tration commonly used for the ELISA technique [39]. Briefly,
a 96-well plate designed for fluorescence is used having a
double dilution with the amount of OFA/iILRP protein along
one axis and the amount of labeled antibody along the other.
The dilutions take place in standard FP buffers and may
contain a range of different additives to prevent non-specific
binding. A prototypical buffer may contain the following:
phosphate buffered saline, NP40, bovine serum albumin,
bovine gamma globulin, glycerol, or other agents to decrease
background noise and increase specificity. Once mixed, the
plate is placed in a Beckman DTX 880, and using theincluded
FP (fluoroscein) filter, set to a read time of around 1 second
per well or other, depending on the fluorophore used. Polar-
ization values are measured in millipolarizations units (mP)
calculated using the equation: mP=[(Is-I1sB)-(Ip-IpB]/[(Is-
IsB)+(Ip-IpB)[x1000 [47-49]. Initial experiments generate
dose response curves based upon the concentration of the
antibody and OFA/iLRP. After that, excess unlabeled anti-
body can be used as a competitor to determine specificity and
equilibrium. Additionally, the data generated from this can be
used to back-calculate binding analysis plots (i.e., Scatchard
or similar), and in turn, used as a method to determine the
efficiency of antibodies. Once the initial conditions are deter-
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mined, the FP method can be used to calculate the amount of
OFA/LRP present in different biofluids and tissue lysates.

Use in Flow Cytometric Analysis to Either Isolate/Separated
OFAALRP Positive Cells or to Determine the OFA/ILRP
Positive Cancer Cell Load in the Blood

[0087] To determine the total cancerous load of circulating
hematologic type cancers, or to determine metastatic load,
flow cytometry may be used. Briefly, a cell suspension or
peripheral blood is obtained. The cell suspension is centri-
fuged 8 to 10 minutes at 300xg and the supernatant removed.
The cells are washed in flow cytometry staining buffer
(HBBS without phenol red, 0.1% sodium azide, and 1%
bovine serum albumin) one time and resuspended at around
2x107 cells/ml or 50 to 100 ul of the cell suspension on the
bottom of a 96-well round bottom plate or equivalent. To the
cell suspension, fluoroscein isothiocyanate (FITC) or equiva-
lent labeled OFA/ILRP antibody diluted in staining buffer is
added. As a control for background, the cells are tested with-
out any antibody, with an unlabeled isotype control antibody
or equivalent (excess unlabeled antibody or competitor pep-
tide). Cell suspension and appropriately diluted antibody is
incubated for 20 to 60 min on ice or 4° C. with gentle mixing.
The stained cell suspension is washed three times with 100 pl
of staining buffer and centrifuged 3 to 10 min at 300 to 500xg.
After the final wash, the cells are suspended in around 400 pl
of staining buffer and stored in the dark, covered at 4° C. until
analyzed. Additional steps may include counterstaining with
propidium iodide to detect dead cells or the addition of a
fixation step. Data is collected and analyzed following stan-
dard protocols [30, 39, 51], following the manufacturers
instructions. It is expected that either the direct conjugation of
FITC or detection using a biotin/strepavidin-FITC may be
used to detect the number of OFA/ILRP positive cells in
peripheral blood, cell suspension, or other source. The overall
number of OFA/ILRP positive cells can provide insight into
aggressiveness and/or progression of the OFA/iLRP positive
diseases.

[0088] Alternative applications of this method can also be
used to determine the metastatic load of breast cancer through
the analysis of sentinel nodes. Briefly, sentinel nodes (or any
lymph node close to the initial cancer lesion) are gently dis-
rupted in 5 ml of staining buffer following standard protocols.
The cell slurry is filtered through a 100 um mesh, and washed
about two times as above. The resultant cell suspension is
used to quantify localized metastasis.

The Antibodies can Displace OFA/ILRP or Other Proteins
Bound to OFA/ILRP

[0089] The location and design of the FREPRLLWT-
DRADHQPLT antibodies allow for the possibility that the
antibody can displace the interacting OFA/iILRP protein.
Additionally, antibodies designed against other regions may
be used to displace interacting proteins or prevent them from
binding. The initial concentrates on the displacement of or the
prevention of the homodimeric interaction of OFA/iLRP.

[0090] To test the possibility that the antibody can displace
interacting OFA/iLRP molecules, two separate experiments
are performed. First, OFA/ILRP dimer is purified following
standard protocols that purify the dimer form of OFA/ALRP.
The dimeric form of the protein is incubated with increasing
concentrations of antibodies against the OFA/iLRP. After
incubating 1 hour at 37° C. in standard antibody binding
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buffer (PBS containing NP-40, Tween-20, BSA, BGG, or
other additives), the conversion of dimeric to monomeric
forms by antibodies is determined by running on a non-
denaturing polyacrylamide gel following standard protocols
[37, 38].

[0091] A second method that can be used exploits putative
changes in fluorescent polarization depending on molecular
size. In the presence of the dimer, the primary FP is derived
from antibody rotation alone. If the antibody replaces the
dimer, there is a shift to monomer and the fluorescent polar-
ization should change.

[0092] Fluorophores may additionally be used to quench or
modify the emission spectra due to proximity. Two or more
antibodies may be used to modify emission spectra or quench
can be used to determine the state and/or stability of the
OFA/iLRP molecule.

The Antibodies are Used as a Cancer Treatment

[0093] The antibodies designed to target the OFA/ILRP
sequences can be used as a form of treatment or possible
prevention for OFA/iLRP positive diseases. For example,
testing for the prevention or treatment of OFA/ILRP positive
cancers could occur using similar animal model using stan-
dard celllines. To test for the prevention of cancer OFA/iLRP,
antibodies can be injected into a rodent (mouse or rat) prior to
cancer challenge. To test for the treatment, OFA/iILRP anti-
bodies can be injected after the cancer challenge. The cancer
challenge is a range of different known cancerous cell lines,
some adherent and some non-adherent. The cells are grown
and introduced into a rodent model system. The amount of
OFA/iLRP positive cancer cells can be quantified through a
range of different methods. Additionally, adherent cells
injected through the tail vein will have increased colonization
ofthe lungs. The treatment and/or preventative abilities of the
OFA/iLRP antibody can be calculated by the number of can-
cer cells present in the lungs of treated versus untreated ani-
mals. Additional controls may be the injection of non-specific
isotype control antibodies at the same schedule as the OFA/
iLRP antibodies. Additionally, the OFA/iL RP antibodies aug-
ment current cancer therapies. To decrease possible allergic
reactions, the antibodies may be cloned and humanized fol-
lowing standard protocol prior to use in humans.

The Antibodies can Alter Biological Function, Leading to
Altered Effects Caused by OFA/ILRP Expressing Related
Diseases

[0094] The antibodies may alter the overall invasiveness or
ability to bind to a standardized substrate. Standard cell lines
can be tested following standard protocols. One test that is
performed to determine the possible pharmacological affect
on mammalian and non-mammalian cells is the effect on
growth rate, for example, the growth of cells with and with out
the peptides at a range of different concentrations, and to
measure the affect on apoptosis, necrosis, and cell prolifera-
tion. OFA/ILRP positive cancer cells can be grown in vitro on
a range of different basement membranes with the peptides at
a range of doses. The effect of the peptides can be measured
by a range of different methods including, but not limited to,
DNA ladder, cell death detection ELISA, caspase measure-
ment, TUNEL assay, Annexin-V membrane alterations, DNA
stain, FAS, p53, cytotoxicity assay, cell proliferation, and cell
viability following standard methods.
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[0095] The peptides may have the ability to increase or
decrease the invasiveness ofa OFA/ILRP positive cancer cell.
This can be measured by growing OFA/iILRP positive cells
with and without a range of different concentrations of the
peptide using a modified Boyden-chamber similar to several
studies involving other proteins [52-55]. The peptides may
also affect cell adhesion and can be measured using standard
methods. Adherent cultured OFA/ALRP positive cancer cells
are cultured in the presence of different extra-cellular matrix
proteins (ECM) and with the peptides. The cells are then
assayed, following standard methods to determine the rela-
tive attachment of the cell lines in the presence ofthe peptides
[56-59]. Several other commonly used techniques may be
applied to determine the affect of OFA/ILRP on cell viability,
proliferation, cell death, and apoptosis [37-39, 42].

The Antibodies are Linked to Colloids to have Anti-Cancer
Activity or to Provide an In Vivo Marker for Cancer

[0096] The antibodies can be attached or cross-linked to a
range of different colloids. For example, gold or silver colloid
can be used to identify OFA/ILRP positive cells through
resonant light scattering or alternative methods. Additional
uses for the colloid would be one that oxygen-free radicals or
similar can be induced. The colloidal agent linked to an anti-
body increases the probability and OFA/ALRP positive cancer
cell is exposed to free radicals.

The Antibodies are Linked to an X-Ray Opaque Dye, or
Similar Type of Conjugate to be Used with an X-Ray

[0097] The antibody is conjugated to a radiopaque dye or
similar [60]. The ability to detect a cancerous state early and
accurately can help with patient treatment options. It may be
possible to conjugate the antibody to a radiopaque dye or
equivalent to increase the efficiency of current x-ray based
techniques. Additionally, the antibody may be linked to a
molecule that could be “tuned” to specific resonant frequen-
cies to be detected by MRI. Possible conjugates include, but
are not limited to, a chemically reactive gadolinium-based
system that can be attached to antibodies similar to used for
conjugation to fluorescent dyes. A commonly used technique
is the addition of a tetrafluorophenyl (TFP) ester moiety that
reacts with the primary amines found on antibodies. The
unreacted TFP gadolinium can be removed using sized exclu-
sion chromatography. In order to be used clinically in
humans, the antibody may need to be humanized. The method
described above would follow standard protocols.

[0098] Asaproofofconcept, there is no need for the animal
model to have an active immune system, which allows for the
use of standard techniques [61]. The initial work does not
need to use x-rays but needs to demonstrate the ability of the
OFA/iLRP antibodies to bind in vivo. The antibody or equiva-
lent is conjugated to a fluorophore, colloid, enzyme conju-
gate, or other method that can be easily detected. The conju-
gated antibody is injected into the animal at a range of
different doses, and at defined time-points, the induced
tumors can be sampled to look for binding of the antibody.
This binding can show that this can be used to target tumors
for diagnostic imaging. Additional methods include theuse of
gold nanoparticles that can be coated with epoxy silane
derivatives or similar for covalent linkages to the antibodies
[62].

The Antibodies are Linked to, and Conjugated with, Chemo-
therapeutic Agents and Directed to OFA/iLRP-Positive Can-
cer Cells

[0099] Inorder to decrease the number of side effects asso-
ciated with classical chemotherapy, a targeted approach may
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be taken. The use of the OFA/ILRP antibodies as a targeting
agent for anti-cancer drugs may increase safety and efficacy
of current therapies. A way to test the effectiveness of this and
as a proof of concept, antibodies may be incorporated in a
liposomal type system where the liposome contains a chemo-
therapeutic agent. To show targeting ability, OFA/iLRP cells,
a mixture of OFA/ILRP cancer cells and normal human cells
can be mixed in a cell culture plate. The mixture can be added
and compared to the treatment of cells with similar dose of
chemotherapeutic agent or liposome with isotype control
antibodies incorporated. It is expected that the target
approach would have a higher mortality of OFA/iLRP posi-
tive cells without as drastic an affect on normal cells. The
effect can be determined through a range of different standard
techniques. While standard chemotherapeutic agents can be
used, another technique could use the attachment of radioac-
tive molecules to the OFA/iILRP antibody. For example, the
antibody is iodinated following standard protocols.

[0100] Inaddition to linking directly to the chemotherapeu-
tic agent, creating a liposome with the antibodies agent, or a
polyacrylamide/agarose bead soaked in chemotherapeutic
agent, the antibody can be attached to an alternative delivery
method. It may be possible to have carbon nano-tubes or
equivalent that can carry chemotherapeutic agents. When
interacting with the OFA/iLRP positive cell, a signal could be
provided to cause the nano-tubes to resonate and release the
contained anti-cancer agent. The trigger can be a range of
different methods. The antibodies can be linked to, and con-
jugated with, nano-carbon, nano-gold, and other nanotubes
and nano-agents, and subjected to a micro-electro/radiowave-
sensitive device or similar device in order to target OFA/
iLRP-positive cancer cells. When directly linked between the
antibody and the anti-cancer agent, a reactive linker molecule
is targeted to release the anti-cancer agent. An example of this
could be a linker between the antibody and the anti-cancer
agent that is UV or x-ray cleavable. In the presence of x-rays
(radiation therapy), the linker can cleave and release the anti-
cancer drug. Another method uses a peptide linker with a
protease cleavage site to be cleaved when in the tumor micro-
environment.

The Antibodies can be Linked to, and Conjugated with, Other
Proteins that Alters the Biological Function of the Target
Cells

[0101] The antibody can only direct certain types of
immune responses. The fusion of two distinct sequences to
create DNA vaccinations have been used before [63]. This
molecule is a hybrid of the OFA/ILRP antibody-binding
region that is fused to a biologically active sequence that can
modulate the tumor or surrounding area. A couple of possi-
bilities are to clone the humanized OFA/ALRP antibody active
region and fuse it to an immune system regulator, cell cycle
regulator, or apoptosis-inducing protein sequence. To prevent
non-specific events, the protein is engineered to remain inac-
tive until in the tumor micro-environment. An OFA/iLRP
antibody is fused to a protease cleavage site linker that is then
attached to an apoptosis-inducing peptide or a small molecule
to induce an immune response against the tumor. The fusion
of two different molecules could allow for a multivalent anti-
body that can be targeted with increased specificity to cancer
cells.

The Use of OFA/iLRP Antibodies with Microelectrofluidic or
Equivalent Devices are Used Diagnostically or as an Ongoing
Screening Method
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[0102] The OFA/ILRP antibodies or active regions are
coated onto microelectrofluidic devices to measure real-time
OFA/ALRP expression in the blood stream. This device is
self-contained to act as a monitoring device for cancer reas-
surance. The antibodies are coated on a film or other micro-
device to allow for the detection of the cancer. It is possible to
determine the amount bound based on a couple of methods.
First, the antibody can be coated on a molecular cantilever
that has a defined flow across it. As the real-time interaction
between the antigen and antibody occur, there should be a
increased torque on the coated lever. This, in turn, can be
measured through changes in resistance or induction of elec-
trical charge. A similar technique is used with a thin film
coated with OFA/iLRP antibodies and when bound by the
antigen, either the charge or interaction or change of tension
on the film can be measured and correlated to changes in
OFA/iLRP expression. These techniques are not limited to
OFA/ILRP, but any cancer molecule can be used as a micro-
implanted device that can be read by clinicians as needed to
alert them to reoccurrence or metastatic disease progression.

The Use of OFA/ILRP Antibody Attached to Radioactivity,
Fluorescent or Equivalent Molecules to Aid the Medical Doc-
tor in Excision of the Tumor

[0103] As an aid to the surgeon during the excision of
cancer, the use of OFA/ILRP antibodies are linked to a fluo-
rophore, radioactive marker, dye or equivalent, allowing the
surgeon to easily identify the cancerous growth. Additionally,
this technique may be used to quickly identify lymph nodes
that may contain metastatic disease, for example, an anti-
cancer antibody linked to an appropriate conjugate to allow
for identification, such as current radioactivity is used for
sentinel node biopsy. After the injection, the patient is brought
to surgery where the procedure occurs as usual. However, if it
is difficult to find the cancer or to check for lymph nodes, a
Geiger counter, UV, or other light source can be used which
allows for rapid identification of the cancerous areas. The
cancer is excised using the appropriate surgical treatment.
This method can greatly aid in the identification/excision of
carcer.

The Use of the Antibodies for Immunoprecipitation

[0104] The OFA/ILRP antibodies are used for immunopre-
cipitation to identify novel therapeutic targets. Cell lysate is
immunoprecipitated following standard protocols [37, 39].
The resultant proteins can be analyzed on SDS-PAGE, 2d gel
electrophoresis, mass spectroscopy, or other methods. The
resultant information may provide insight into possible OFA/
iLRP-related mechanisms that can be used for clinical diag-
nostic or treatment.

[0105] The following examples are intended to illustrate,
but not to limit, the scope of the invention. While such
examples are typical of those that might be used, other pro-
cedures known to those skilled in the art may alternatively be
utilized. Indeed, those of ordinary skill in the art can readily
envision and produce further embodiments, based on the
teachings herein, without undue experimentation.

Example 1

Method of making OFA/iLRP monoclonal antibod-
ies 2C6 and 3G7

[0106] OFA/iLRP monoclonal antibodies 2C6 and 3G7
were made at Precision Antibody using standard methods and
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protocols. The peptide of FREPRLLVVTDPRC was used to
generate monoclonal antibody 3G7. The peptide of YRD-
PEEIEKEEQC was used to generate monoclonal antibody
2C6. The synthesized peptides were conjugated to maleim-
ide-activated KLLH using standard protocols (Pierce/Thermo,
Rockfork, I11.). Once conjugated, the KLH-OFA peptides
were used to immunize two different mice per peptide. After
immunization, the serum was obtained via tail bleed and the
serum was used to screen for antibody titer against BSA-
conjugated peptides (FIG. 1). If positive against the peptide,
an indirect ELISA using recombinant human OFA/iLRP was
done to verify that that the antibodies would react with the
protein. This was done to ensure that the antibody would react
against small peptides as well as the full-length protein. After
the reactivity against the peptide and protein was verified, the
spleen cells were fused with a myeloma cell line and selected
in 96-well culture plates. Viable colonies were kept alive and
then screened against the peptide and OFA/iLRP (similar to
above). The hybridoma tissue culture supernatants that had
high activity against OFA/ILRP but not against BSA-coated
wells were chosen for immunoglobulin classification (IgG or
IgM). Any clones that were IgM were excluded from the
screen and the IgG-producing hybridomas were grown fol-
lowing standard protocols. To further purify the antibodies
from the medium, a protein G selection was done following
standard protocols (Pierce/Thermo, Rockford, I11.). The
eluted antibodies concentration was determined using A260
absorbance and this was used for 2C6 and 3G7 antibody
production.

Example 2

Analysis of Tail Bleeds for Activity Against rHU
OFA

[0107] In this study, activity against recombinant full-
length human OFA/iLRP was analyzed. Nunc-Immunostar
MaxiSorp plates were coated with OFA/iLRP protein at a
concentration of 10 pg/ml in PBS with sodium azide. Plates
were incubated at 37° C. for 2 hours. Plates were washed with
water 3 times, then blocked for at least an hour with 5%
non-fat dry milk (NFDM) in PBS-t. Plates were washed 3
times with PBS-ttail bleeds and positive controls were added
in 5% NFDM. Plates were incubated overnight at 4° C. with
shaking. Plates were washed as above and incubated for 1
hour at room temperature in universal secondary antibody
diluted 1:100 in 5% NFDM. Plates were washed and incu-
bated for 30 minutes at room temperature with Streptavidin-
HRP (1:200 R&D systems). Plates were washed and 200 pl
SIGMA FAST™ OPD was added to each well. Plates were
observed for reaction and the plate was stopped with 50 ul of
stop (2n H,SO,) while there was still low background. Plates
were read and analyzed on a SpectraMax 384 following the
standard protocol on the instrument for basic endpoint ELISA
w/OPD and acid stop.

[0108] All of the immunizing peptides designed against
OFA/iLRP (Table 2) produced tail bleed serum that can react
with the recombinant full-length OFA protein. When com-
pared to previously developed monoclonal antibodies pro-
vided by Drs. Coggin, Rohrer and Barsoum (Positive con-
trol), the tail bleed serum performed similar or slightly better
(FIG. 2) despite the monoclonal antibody being at a concen-
tration greater than 2 mg/ml. This experiment further demon-
strates the use of OFA/ILRP as a capture antigen to determine
antibody titre of patient and diagnostic samples.
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[0109] The results show that peptide-derived antibodies
against OFA/iLRP can recognize the recombinant full-length
protein. Additionally, coating of the recombinant full-length
OFA onto a plate can be used as a screening method for
further antibody development or monitoring of anti-OFA
immune responses.

Example 3

Indirect ELISA of rOFA/iLRP to Determine the
Reactivity of Monoclonal Antibodies

[0110] In this study, the immunoreactivity of monoclonal
antibodies designed against specific regions of OFA/iLRP to
the recombinant OFA/iILRP was determined. Briefly, Immu-
lon 4HBX plates were coated with OFA/iLRP protein at a
concentration of 2 pg/ml in PBS. Plates were incubated at 4°
C. overnight. Plates were washed with water three times, then
blocked for at least an hour with 1% BSA in PBS-t. Plates
were washed three times with PBS-t and a 5-fold dilution
series of the monoclonal antibodies was run along 8 wells
with a high concentration of 1:10 and a low of 1:781,250.
Plates were incubated overnight at 4° C. with shaking. Plates
were washed as above and incubated for 1 hour with biotiny-
lated anti-mouse IgG secondary at 1:50,000. Plates were
washed and incubated for 30 minutes at room temperature
with Streptavidin-HRP (1:250,000). Plates were washed and
100 ul TMB Two Component HRP microwell substrate
(BioFX Laboratories, Owings Mills, Md.) was added to each
well. Plates were observed for reaction and the plate was
stopped with 50 pl of stop (2n H,SO,) while there was still
low background. Plates were read and analyzed on a Spectra-
Max following the standard protocol on the instrument for
basic endpoint ELISA w/HRP and TMB.

[0111] The results in FIG. 3 show a dilution curve of the
monoclonal antibodies 2C6 and 3G7 run on an indirect
ELISA against rHu OFA/iLRP (n=4). An 8-point dilution
series with 5-fold dilutions starting at 1:10 and ranging down
to 1:781,250 show that there is a strong reaction ofthe mono-
clonal 2C6 to the OFA and there is a dynamic range of
detection using the 2C6 antibody in this assay.

[0112] FIG. 3 also shows a dilution curve of the monoclonal
antibody 3G7 run on an indirect ELISA against OFA/iLRP.
An 8-point dilution series identical to that above shows that
there is strong reaction of the monoclonal 3G7 to the OFA and
there is a dynamic range of detection using the 3G7 antibody
in this assay (n=4).

[0113] This data indicates that both of these monoclonal
antibodies (2C6 and 3G7) have the ability to recognize and
bind to the full-length OFA/iLRP. This data demonstrates that
the engineered antibodies can be used to detect OFA in a
specific manner that can be used for a wide range of down-
stream diagnostic tests. They also can be used as standards to
look for the presence of anti-OFA antibodies in a range of
biofluids.

Example 4

Sandwich ELISA of rOFA/ILRP to Determine the
Reactivity of Monoclonal Antibodies

[0114] Imnwlon4HBX plates were coated with 2C6 mono-
clonal antibody at a concentration of 10 pg/ml in PBS. Plates
were incubated at room temperature overnight. Plates were
washed with water three times, then blocked for an hour with
1% BSA in PBS-t. Plates were washed three times with PBS-t
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and a 2-fold dilution series of OFA/iLRP was run along 8
wells with a high concentration of 5000 ng/ml and a low
concentration of 78.125 ng/ml. OFA/ILRP standards were
prepared in 5% BSA in PBS to simulate serum concentra-
tions. Plates were incubated 2 hours at room temperature with
shaking. Plates were washed as above and incubated for 2
hours with biotinylated 3G7 monoclonal antibody. Plates
were washed and incubated for 30 minutes at room tempera-
ture with Streptavidin-HRP (1:200) (R&D). Plates were
washed and 100 ul of TMB Two Component HRP microwell
substrate (BioFX Laboratories, Owings Mills, Md.) was
added to each well. Plates were observed for reaction and the
plate was stopped with 50 ul a of stop (20 H,SO,) while there
was still low background. Plates were read and analyzed on a
SpectraMax at 450 nm following the standard protocol on the
instrument for basic endpoint ELISA w/HRP and TMB.
[0115] FIG. 4 shows a standard curve of a wide range of
concentration of OFA/iLRP and the ability of our monoclonal
antibodies to detect it using a sandwich ELISA. This data
shows that both of these monoclonal antibodies (2C6 and
3G7) have the ability to recognize and bind to the full-length
OFA/iLRP in a manner that can be detected using sandwich
ELISAs. Whenreversed (i.e., 3G7 caputure/2C6 detection), a
similar result was seen but the reaction absorbance was sig-
nificantly lower than when using the 2C6 as a capture anti-
body (date not shown). Likewise, this data demonstrates that
the engineered antibodies can be used to detect OFA in a
specific manner that can be used for a wide range of down-
stream diagnostic tests. This type of ELISA can be used to
look for the presence of OFA/ILRP in a range of biofluids and
tissue lysates. Additionally, this technology may be applied
for inclusion/exclusion criteria for OFA/iLRP-based thera-
pies or used as a cancer diagnostic. The antibodies were
designed against conserved regions of the protein and should
cross-react with all species that express OFA/ILRP.

Example 5

Fluorescent Polarization of Oncofetal Antigen
Immature Laminin Receptor Using Peptide Derived
Monoclonal Antibodies

[0116] This experiment demonstrates the usability of the
2C6 clone of the OFA/ILRP in fluorescent polarization. To
simulate a serum sample, all standards were diluted in 5%
Bovine Serum Albumin (BSA) in phosphate buffered saline.
The experiments were based in part on the HSP 90 work, but
a fluorsceine-5-maleimide-labeled antibody was used instead
of geldanamycin-BODIPY, a small fluorescent molecule that
can bind HSP 90 [49, 45].

[0117] OFA/iLRP monoclonal antibodies 2C6 and 3G7
were labeled with Fluorescein-5-Maleimide (Pierce/ Thermo,
Rockford, I11.) following standard protocols. The unbound
dye was removed using standard dye removal columns fol-
lowing the manufacturer’s protocols. After labeling the anti-
body, it was used in fluorescent polarization experiments.
[0118] OFA/iLRP was diluted to 40000 ng/ml in 5% BSA
in PBS and 50 pl was added to the top well and diluted 6-fold
in 5% BSA in PBS in a 96-well black plate (Cliniplate,
Thermo Scientific). A high concentration of serum albumin
(>5% serum albumin) was used to simulate serum concentra-
tions. The labeled antibody was diluted to 20 pg/ml in PBS
with 0.1% normal human plasma and 0.01% Tween-20. The
diluted antibody solution (50 ul) was dispensed into the wells,
mixed, sealed, covered from light and incubated overnight at
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4° C. The plates were allowed to adjust to room temp and the
fluorescent polarization was measured on a DTX-880 (Beck-
man Instruments, Palo Alto, Calif.). The manufacturer fluo-
rescent protocol was used except fluorescent integration time
of 0.0001 s. The data was exported to excel and mP was
calculated as outlined previously [49]. The raw data was
plotted on a log x-axis (FIG. 5A) using Prism 5.0 (GraphPad
Software, Inc), analyzed using one-way ANOVA to compare
the background to the calculated mP values, and transformed
to allow for a four-parameter logistic (FIG. 5B) (1*=0.975)
n=2.

[0119] The concentrations of OFA in 5% BSA/PBS ranged
40000 to 0.85 ng/ml and showed a range from less than 1000
ng/ml (due to saturation) to less than 30.86 ng/ml (FIG. 5A).
At concentrations above 1000 ng/ml, the signal became satu-
rated, and below 30.6 ng/ml (5.1 ng/ml), the signal was not
significantly different than the background when the data is
transformed and a four-parameter logistic is performed and r2
>0.95 (FIG. 5B).

[0120] The results demonstrate that the peptide-derived
OFA/iLRP antibodies can be used to determine OFA/iLRP
concentration using fluorescent polarization. This data pro-
vided by the standard curve had an acceptable 1* value that
can be used to calculate unknowns from serum, plasma, tissue
lysate, or any soluble source contain OFA/iLRP.

Example 6
Immunohistochemical Staining of OFA/LRP

[0121] The purpose of this study was to analyze the ability
of our monoclonal antibodies to detect OFA/iLRP in forma-
lin-fixed paraffin-embedded (FFPE), 6 micron thick tumor
sections with limited reaction in normal adjacent tissue.

[0122] Experiments were performed following the protocol
provided with the MaxTag Histo kit for use with mouse
Primary Antibody (Rockland Immunochemicals, Gilberts-
ville, Pa.). Briefly, FFPE 6 micron tumor slides were de-
paraffinized with xylenes and then rehydrated with decreas-
ing concentrations of ethanol (EtOH), then diluted with
water, and finally placed in PBS. All incubation steps were
carried out in a humidified chamber. The area on the slide
containing the tissue was marked with a PAP pen, and then
blocked for 5 minutes in 1% hydrogen peroxide and 1%
normal goat serum in PBS to remove endogenous peroxidase
activity. The slides were then washed three times in PBS for
5 minutes. The primary antibody was diluted 1:250 in PBS+
1% normal goat serum and incubated on the slide at 4° C.
overnight. The previous experiments were run at primary
antibody dilutions of 1:10 and 1:50, and had too high of a
background stain. (Data not shown). The slides were then
washed three times for five minutes in PBS, then the second-
ary antibody provided in the kit was added, and they were
incubated for 30 minutes at room temperature. The slides
were washed again and the diluted streptavidin peroxidase
reagent from the kit was added and incubated for 30 minutes
at room temperature. The slides were washed again and the
supplied DAB reagent was added and incubated for 15 min-
utes while monitoring for color development. The DAB reac-
tion was allowed to incubate 10 minutes longer than the
manufacturer’s recommendations to determine the true back-
ground staining of the normal adjacent tissue. The slides were
then washed three times for two minutes with distilled water.
Hematoxylin counterstain was added and the slides were
incubated for five minutes. The slides were washed again
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three times for two minutes with water, dehydrated with
100% EtOH four times for two minutes each, and then cleared
with four changes of xylene for two minutes each. The tissues
were observed under a microscope and evaluated with a posi-
tive reaction being visualized as a brown precipitate and
nuclei staining light blue.

[0123] The stains were run on multiple tumor types. The
slide shown in FIG. 6 is a representative section that shows
breast invasive ductal carcinoma, moderately differentiated,
T2NIMO, that has been stained with the 3G7 monoclonal
antibody as the primary antibody. Staining of the slide ranges
from very dark, black precipitate to very light, similar to
isotype control run slides (not shown). OFA/iILRP expression
has been seen in all tumor types tested to date.

[0124] Theresults show that the monoclonal antibodies are
amenable to THC staining protocols and may be used in a
range of different experimental and diagnostic applications.
One potential application is for applicability for OFA/ILRP
therapy or as a screening/diagnostic test. Since OFA/iLRP is
specifically designed against conserved regions, these anti-
bodies should cross-react with all species.

Example 7

The Effect of OFA/ILRP Monoclonal Antibodies on
Cell Viability

[0125] The goal of this experiment is to determine if the
monoclonal antibodies designed against the OFA/iLRP have
any affect on cell viability. Due to the nature of OFA/LRP, it
was expected that monoclonal antibodies that are designed to
disrupt the OFAIOFA to LR conversion or that inhibit other
protein|protein interactions that will have activity.

[0126] All cells were grown in RPMI 1640 with
L-glutamine; 100 1.U. Penicillin; 100 pg/ml Streptomycin
and 10% fetal calf serum at 37° C. in a humid chamber
(Mediatech, Inc. Manassas, Va.). DU 145 cells were obtained
from American Type Culture Collection (ATCC, Manassas,
Va.) and grown in media following standard protocols.
DU145 cells were grown to between 75 and 85% density and
collected following standard protocols and counted using a
modified Neubauer brightline hemacytometer and suspended
at 400,000 cell/ml.

[0127] Monoclonal antibodies (2C6 and 3G7) were dis-
solved in complete medium. After being diluted to appropri-
ate concentration, 50 pl was dispensed into a 96-well assay
plate, either coated with laminin/entactin complex (50 ug/ml)
or untreated (Black with clear bottom) (Corning Life Sci-
ences, Corning, N.Y.), and 50 pl of cells (20,000 cells/well)
grown overnight. 20 ul of CellTiter-Blue ((Promega, Madi-
son, Wis.)) was added to the cells and they were incubated for
an additional two hours at 37° C. The cells were read on a
DTX-880 (Beckman Inc.) following standard fluorescent
protocols with an integration time 0f 0.001 sec. To determine
if caspase activity was induced, Caspase 3/7 activity was
determined using ApoOne assay (Promega, Madison, Wis.).
The data was exported to Excel and then to Prism 5.0 (Graph-
Pad Software, Inc), where it was plotted, and analyzed for
statistical differences between the background controls (dilu-
ents used for the peptide) using a one-way ANOVA. To deter-
mine the difference between the control group (0) and the
treatments, a Dunnets post test was performed. Any p<0.05
(*) was considered to be significant.

[0128] All of the DU145 cells grew on either the uncoated
or Laminin/Entactin-coated 96-well plates. In the presence of
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either 2C6 or 3G7, there was an affect on cell viability (FIGS.
7 A and B). When statistically analyzed by a one-way
ANOVA, the 2C6 and 3G7 antibodies while at higher con-
centrations, caused a decreased viability when compared to
the control group. However, considering the concentration
differences between 3G7 (0.32 mg/ml) and 2C6 (1.29
mg/ml), 3G7 appears to have greater activity. No significant
difference was seen in any group in the ApoOne Caspase 3/7
assay.

[0129] When DU145 cells were grown in the presence of
either antibody, it appears to have had a significant affect on
cell viability when compared to PBS alone. There was no
Caspase 3/7 activation and no significant change in ApoOne
assay was seen. This indicates that OFA/iLRP antibodies may
have the ability to be used as an anticancer therapy.

[0130] Many modifications and variations of the invention
as herein before set forth can be made without departing from
the spirit and scope thereof, and therefore only such limita-
tions should be imposed as are indicated by the appended
claims.

[0131] All patent and literature references cited in the
present specification are hereby incorporated by reference in
their entirety.
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TABLE 1

List of different putative epitopes for anti-
body generation
Possgible Antigenic Regions for Development of
OFL/iLRP antibodies

Initial Peptides of Interest

ALDVLQM DVLKFLAAGT

EQYIYK FREPRLLVVTDPRADHQPLT
GIYIINL DHQPLTEASYVNLPTIALCNTD
KLLLAARAIVAIE GVQVPSVPIQQOF

PADVSVISS

ATPIAGR

PLRYVDIAIPC FREPRLLVVTDPR

AHSVGL VVTDRADHQPLT

MPDLYFYR VVTDPRADHQP
APEFTAAQPEVA

Actual Used

FREPRLLVVTDPR
VTDPRADHQPLTE
YRDPEEIEKEEQ
FPTEDWSAQPATED

For Conjugation:

FREPRLLVVTDPRC
CVTDPRADHQPLTE
YRDPEEIEKEEQC
CFPTEDWSAQPATED

Previously Published Epitopes

TEDWSA
TPGTFNQIQAAFREPRLLV
SGALDVLQ
AAGTHLGGTNLDFQMEQYIY
DGIYIINLKRTWEKLLLAAR
AIVAIENPADVSVISSRNTG
QRAVLKFAAATGATPIAGRF
TPGTFTNQIQAAFREPRLLY
ALCNTDSPLAYVDIAIPCNN
IPCNNKGAHSVGLMWWMLAR
AAAEKAVTKEEFQGEWTAPA
QFPTEDWSAQPATEDWSAAP

TABLE 2

Immunizing peptides designed against OFA/iLRP
antibodies

Peptide 1 FFREPRLLVVTDPRC
Peptide 2 CVTDPRADHQPLTE
Peptide 3 YRDPEEIEKEEQC

Peptide 4 CFPTEDWSAQPATED

What is claimed is:

1. Anisolated antibody that specifically binds to a region of
the oncofetal antigen/immature laminin receptor protein
(OFA/iLRP), wherein the region is immunogenic.

2. The isolated antibody of claim 1, wherein the immuno-
genic region is located in the dimerization region of OFA/
iLRP.
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3. The isolated antibody of claim 1, wherein the region of
OFA/iILRP comprises a polypeptide sequence of (a)
FFREPRLLVVTDPR, (b) VIDPRADHQPLTE. (c) YRD-
PEEIEKEEQ, or (d) FFTEDWSAQPATED.

4. The isolated antibody of claim 1, wherein the region
OFA/iLRP is conjugated to a peptide that increases an immu-
nogenic response.

5. The isolated antibody of claim 1, wherein OFA/LRP is
conjugated to Keyhole Limpet hemocyanin, ovalbumin, or
serum albumin.

6. Theisolated antibody of claim 1, wherein the antibody is
a monoclonal antibody.

7. The isolated antibody of ¢laim 6, wherein the mono-
clonal antibody is 2C6 or 3G7.

8. The isolated antibody of claim 6, wherein the region
comprises the polypeptide sequence of FREPRLLVVTD-
PRC or YRDPEEIEKEEQC.

9. A pharmaceutical composition comprising the antibody
of claim 1.

10. The composition of claim 9, wherein the antibody is a
monoclonal antibody.

11. The composition of claim 10, wherein the monoclonal
antibody is 3G7 or 2C6.

12. The composition of claim 9, further comprising a phar-
maceutically acceptable carrier.

13. A method of detecting OFA/iLRP in a sample compris-
ing:

(a) contacting the sample with a first and a second antibody
that specifically bind to a region of OFA/iLRP, wherein
at least one of the antibodies is specific for OFA/iLRP;

(b) allowing the antibodies to bind to OFA/iLRP and form
a sandwich with OFA/iLRP; and

(c) detecting the expression of OFA/iLR in the sample
using the antibody specific for OFA/iLRP.

14. A method in accordance with claim 13, wherein one of

the antibodies binds to both OFA/iLRP and mature LRP.

15. A method of claim 14, wherein the antibody recognize
both OFA/iILRP and mature LRP acts as a capture antibody,
and the antibody specific for OFA/ILRP acts as a detection
antibody.

16. A method of claim 13, wherein the first antibody is
3G7, and the second antibody 1s 2C6.
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17. A method of detecting cancer in a sample comprising:

(a) contacting the sample with antibodies specific for OFA/

iLRP;

(b) contacting the sample with a biotinylated secondary

antibody; and

(c) detecting OFA/iLRP in the sample using streptavidin,

wherein the detection of OFA/iLRP in the sample is indica-

tive of cancer.

18. A method of determining the amount of OFA/ILRP ina
sample comprising:

(a) conjugating an antibody specific for OFA/ILRP to a

fluorophore;

(b) contacting the conjugated antibody with sample; and

(c) determining the amount of OFA/iLRP in the sample

using fluorescent polarization.

19. A method of determining the amount of OFA/iLRP
positive cancer cells in a blood sample comprising:

(a) contacting a blood sample with an antibody specific for

OFA/ILRP and

(b) determining the amount of OFA/iLRP in the sample

using flow cytometry.

20. A method of treating a OFA/iLRP positive cancer com-
prising administering an amount of antibodies specific for
OFA/ILRP to a subject with the OFA/iILRP positive cancer
that are in an amount sufficient to treat the cancer.

21. The method according to claim 20, wherein the anti-
bodies are linked to colloids having anti-cancer properties.

22. The method according to claim 19, wherein the anti-
bodies are conjugated with chemotherapeutic agents.

23. The method according to claim 19, wherein the anti-
bodies are conjugated with proteins.

24. A method of detecting a OFA/iLRP positive cancer in a
subject comprising;

(a) conjugating antibodies specific for OFA/ALRP to aradio

opaque dye;

(b) administering the conjugated antibody to a subject; and

(c) detecting the conjugated antibody using an x-ray,

wherein the detection of OFA/iLRP on the x-ray is indica-

tive of cancer.
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