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COMPOSITIONS THAT SPECIFICALLY BIND TO COLORECTAL
CANCER CELLS AND METHODS OF USING THE SAME

FIELD OF THE INVENTION

The present invention relates to in vitro diagnostic methods for detecting
colorectal cancer cells, to kits and reagent for performing such methods. The present
invention relates to compounds and methods for in vivo imaging and treatment of
colorectal tumors. The present invention relates to methods and compositions for
making and using targeted gene therapy, antisense and drug compositions. The present
invention relates to prophylactic and therapeutic anti-colorectal cancer vaccines and

compositions and methods of making and using the same.

BACKGROUND OF THE INVENTION

Colorectal cancer is the third most common neoplasm worldwide. The
mortality rate of newly diagnosed large bowel cancer approaches 50% and there has
been little improvement over the past 40 years. Most of this mortality reflects local,
regional and distant metastases.

There 1s a need for reagents, kits and methods for screening, diagnosing
and monitoring individuals with colorectal cancer, particularly metastasized colorectal
cancer. There is a need for reagents, kits and methods for i1dentifying and confirming
that a cancer of unknown origin 1s colorectal cancer and for analyzing colon tissue and
colorectal cancer samples to i1dentify and confirm colorectal cancer and to determine the
level of migration of such cancer cells. There remains a need for compositions which
can specifically target metastasized colorectal cancer cells. There 1s a need for imaging

agents which can specifically bind to metastasized colorectal cancer cells. There 1s a
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need for improved methods ot imaging metastasized colorectal cancer cells. There is a
need for therapeutic agents which can specifically bind to metastasized colorectal cancer
cells. There is a need for improved methods of treating individuals who are suspected
of suffering from colorectal cancer cells, especially individuals who are suspected of
suffering from metastasis of colorectal cancer cells. There 1s a need for vaccine
composition to treat and prevent metastasized colorectal cancer. There 1s a need for
therapeutic agents which can specifically deliver gene therapeutics, antisense compounds

and other drugs to colorectal cells.

SUMMARY OF THE INVENTION

The invention relates to 1solated nucleic acid molecules that comprise a
CRCA-1 transcript. The invention relates to 1solated nucleic acid molecules that
comprise nucleic acid sequences shown in SEQ ID NO:1 or a functional fragment
thereof.

The invention further relates to an oligonucleotide molecule comprising a
nucleotide sequence complimentary to a nucleotide sequence of SEQ ID NO:1 or a
functional fragment thereof.

The invention further relates to pharmaceutical compositions that comprise
nucleic acid molecule that comprise a CRCA-1 transcript. The invention relates to
pharmaceutical compositions that comprise nucleic acid molecule that comprise nucleic
acid sequence shown in SEQ ID NO:1 or a functional fragment thereof in combination
with a pharmaceutically acceptable carrier.

The 1nvention further relates to a recombinant expression vector
comprising the nucleic acid molecule that has a nucleotide sequence that comprises SEQ
ID NO:1 or a functional fragment thereof. The invention further relates to a host cell
comprising a recombinant expression vector comprising the nucleic acid molecule that
has-a nucleotide sequence that comprises SEQ ID NO:1 or a functional fragment
thereof.

The invention further relates to 1solated nucleic acid molecules that
comprise nucleic acid sequences that encode a substantially pure CRCA-1 translation

product or a functional fragment thereof. The invention relates to 1solated nucleic acid
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molecules that comprise nucleic acid sequences that encode a substantially pure proteins
that have amino acid sequences shown in SEQ ID NO:2-81.

The invention further relates to a substantially pure CRCA-1 translation
product or a functional fragment thereof; and to pharmaceutical compositions
comprising the same. The invention further relates to a substantially pure proteins that
have amino acid sequences shown in SEQ ID NO:2-81; and to pharmaceutical
compositions comprising the same.

The invention further relates to 1solated antibodies that bind to an epitope
on a CRCA-1 translation product. The invention further relates to 1solated antibodies
that bind to an epitope on a protein having the amino acid sequence of SEQ ID NO:2-
81. The invention further relates to an isolated protein comprising at least one epitope
of a CRCA-1 translation product.

The invention further relates to in vitro methods of determining whether or
not an individual has metastasized colorectal cancer cells. The present invention relates
to in vitro methods of examining samples of non-colorectal tissue and body fluids from
an individual to determine whether or not a colorectal cancer specific transcript or a
translation product thereof, CRCA-1, which is specific to colorectal cells including
colorectal tumor cells, 1s being expressed by cells outside of the colorectal tract. The
presence of a CRCA-1 translation product or of the CRCA-1 transcript outside the
intestinal tract is indicative of expression of CRCA-1 and 1s evidence that the individual
is suffering from metastasized colorectal cancer.

The invention further relates to in vitro methods of determining whether or
not tumor cells are colorectal in origin. The present invention relates to in vitro
methods of diagnosing whether or not an individual suffering from cancer is suffering
from colorectal cancer. The present invention relates to in vitro methods of examining
samples of tumors from an individual to determine whether or not CRCA-1, which 1s
spetific to colorectal cells including colorectal tumor cells, 1s being expressed by the
tumor cells. The presence of a CRCA-1 translation product or of the CRCA-1 transcript

is indicative of expression of CRCA-1 1s evidence that the individual 1s suffering from

30 colorectal cancer.
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The 1invention further relates to in vitro Kits for practicing the methods of
the invention and to reagents and compositions useful as components in such in vitro
kits of the invention.

The invention further relates to compositions and compounds which
comprises a CRCA-1 translation product binding moiety in combination with an active
moiety; and to pharmaceutical composition comprising the same. The CRCA-1
translation product binding moiety may be conjugated to an active moiety or
unconjugated, including compositions comprising liposomes that include CRCA-1
translation product ligand on their surface and an active component encapsulated therein.
The active moiety may be radioactive or radiostable. Radiostable active moieties may
be antisense molecules.

The invention further relates to a method of 1imaging metastasized
colorectal tumors and to methods of treating an individual suspected of suffering from
metastasized colorectal cancer comprising the steps of administering to said individual a
pharmaceutical compositions according to the mvention, wherein the compositions or
conjugated compounds are present 1n an amount effective for therapeutic or diagnostic
use in humans suffering from colorectal cancer.

The invention further relates to a method of treating an individual
suspected of suffering from a disease, condition or disorder of the colon or of
preventing such a disease, disorder or condition in an individual who 1s at risk of
developing the same, comprising the steps of administering to the colon a such an
individual, a pharmaceutical composition comprising a pharmaceutically acceptable
carrier or diluent, and an unconjugated compositions that comprises a liposome that
includes CRCA-1 translation product ligands on 1its surface and an active component
encapsulated therein.

The invention further relates to a method of delivering an active agent to
colon cells of an individual, including metastasized colorectal cancer cells comprising
the steps of administering to such an individual, a pharmaceutical composttion
comprising a pharmaceutically acceptable carner or diluent, and an unconjugated

compositions that comprises a liposome that includes CRCA-1 translation product

ligands on its surface and an active component encapsulated therein.
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The invention further relates to vaccines which comprise a CRCA-1
translation product or a protein comprising at least one epitope thereof, and a
pharmaceutically acceptable carrier or diluent. The invention further relates to a
haptenized protein comprising at least one epitope of a CRCA-1 translation product.
In some embodiments, the haptenized protein comprises a CRCA-I translation
product. The invention further relates to vaccines which comprise such haptenized

proteins and a pharmaceutically acceptable carrier or diluent.

The invention further relates to nucleic acid molecules that encode a
CRCA-1 translation product or a protein comprising at least one epitope thereot, and
to vectors and vaccines comprising the same. In some embodiments, the nucleic acid
molecule is a plasmid. In some embodiments, the vector is a virus or a bactenal cell.

In some embodiments, the vector is a recombinant vaccinia virus.

The invention further relates to killed or inactivated cells or particles
that comprise a protein comprising at least one epitope of a CRCA-I translation
product; and to vaccines comprising the same. In some embodiments, the killed or
inactivated cells or particles comprise a CRCA-1 translation product. In some
embodiments, the killed or inactivated cells or particles consist of a CRCA-1
translation product. In some embodiments, the killed or inactivated cells or particles
vector is a killed or inactivated colorectal tumor cells. In some embodiments, the

killed or inactivated cells or particles are haptenized.

The invention further relates to methods of treating individuals

suffering from metastasized colorectal cancer and to methods of treating individuals

susceptible metastasized colorectal cancer. The method ot the present invention
provides administering to such individuals an effective amount of such vaccines. The

invention further relates to the use of such vaccines as immunotherapeutics.

More particularly, in one aspect there is provided an in vitro method of
determining whether or not an individual has metastasized colorectal cancer cells
comprising the step of examining a sample of extraintestinal tissue and/or body fluids
from an individual to determine whether CRCA-1 transcript is present in cells 1n said

sample wherein presence of said CRCA-1 transcript is indicative of the presence ot
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metastasized colorectal cancer cells 1n said sample, wherein saild CRCA-1 transcript

has the nucleotide sequence of SEQ ID NO:1.

In another aspect, there 1s provided an 1n vitro method of determining
whether or not a tumor cell 1s a colorectal tumor cell comprising the step of
determining whether CRCA-1 transcript 1s present in said tumor cell wherein
presence of CRCA-1 transcript indicates that the tumor cell 1s a colorectal tumor cell;

wherein said CRCA-1 transcript has the nucleotide sequence of SEQ ID NO:1.

In yet another aspect, there 1s provided an 1n vitro method of
determining whether or not an individual has metastasized colorectal cancer
comprising the step of examining a sample of extraintestinal tissue from an individual
to determine whether a CRCA-1 transcript 1s present in said sample, wherein the
presence of a CRCA-1 transcript in said sample indicates that said individual has

metastasized colorectal cancer; wherein saild CRCA-1 transcript has the nucleotide

sequence of SEQ ID NO:1.

In still yet another aspect, there 1s provided an in vitro PCR assay kit
for determining whether or not an individual has colorectal cancer by detecting the
presence of CRCA-1 transcript 1n a sample of extraintestinal tissue and/or body fluids
from an individual, wherein the presence of said CRCA-1 transcript 1n said sample
indicates that the individual has colorectal cancer, wherein said CRCA-1 transcript
has the nucleotide sequence of SEQ ID NO:1, said kit comprising: a first container

comprising PCR primers that are unique to and specifically amplify said CRCA-1
transcript or cDNA generated therefrom; a second container comprising a size marker,

said size marker being the expected size of amplified DNA 1f said CRCA-1 transcript

is present in said sample; and instructions for using said kait.

In yet another aspect, there 1s provided an 1solated nucleic acid
molecule consisting of a fragment of the nucleic acid sequence of SEQ ID NO:1

consisting of 30-200 nucleotides including nucleotides 110-113 of SEQ ID NO:1.

In still yet another aspect, there 1s provided an 1solated nucleic acid

molecule consisting of the nucleic acid sequence of SEQ ID NO:1 or SEQ 1D NO:2.
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In another aspect, there i1s provided an 1solated oligonucleotide
molecule that 1s the full complement of a fragment of SEQ ID NO:1, said fragment
consisting of 30-200 nucleotides of SEQ ID NO:1 including nucleotides 110-113 of
SEQ ID NO:1.

In yet another aspect, there 1s provided an 1solated oligonucleotide
molecule that 1s the full complement of a fragment of SEQ ID NO:1, said fragment
comprising 18 nucleotides of SEQ ID NO:1 including nucleotides 110- 113 of SEQ

ID NO:1.

In still yet another aspect, there 1s provided an isolated oligonucleotide

molecule comprising a nucleotide sequence that is the full complement of a fragment

of SEQ ID NO:1, said fragment comprising 18 nucleotides of SEQ ID NO:1 including
nucleotides 110-113 of SEQ ID NO:1; wherein said oligonucleotide molecule
hybridizes to a nucleic acid molecule consisting of SEQ ID NO:1 and does not

hybridize to a nucleic acid molecule that encodes GCC.

In another aspect, there 1s provided an 1solated nucleic acid molecule

that consists of SEQ ID NO:2.

BRIEF DESCRIPTION OF THE FIGURE

Figure 1 shows the nucleotide sequence of the human ST receptor

mRNA, GeneBank Accession #S57551. The gray shaded area is the sequence deleted

in CRCA-1 transcript including one of the two boxed “GG” sequences or one G from
each box. The start codon, ATG, which is nucleotides 118-119-120 of the sequence is

the 1ntiation codon for ST receptor protein expression.
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The CRCA-1 transcript is missing a 142 nucleotide sequence spanning nucleotides 192-
333, 193-334 or 194-335. Thus unique sequences of the CRCA-1 protein not found ST
receptor mRNA inclu-dé nucleotides 191-192-193-336, 191-192-335-336 or 191-334-
335-336 as set forth in Figure 1 or using corresponding numbers from sequences set

forth in the sequence listing. These 4 nucleotide sequences are all identical, A-G-G-C,
and correspond to nucleotides 110-111-112-113 of SEQ ID NO:1.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
This application is related to U.S. Patent No. 6,120,995 issued September 19

b/

2000.
Definitions

As used herein, the terms "ST" and "native ST" are used 'interbhangeably
and are meant to refer to heat-stable toxin (ST) which is a peptide produced by E. coli,
as well as other organisms. STs are naturally occurring peptides which 1) are naturally
produced by organisms, 2) bind to the ST receptor and 3) activate the signal cascade
that mediates ST-induced diarrhea.

As used herein, the terms "ST receptor”, “guanylyl cyclase C receptor” and
“GCC receptor” are meant to refer to the receptors found on colorectal cells, including
local and metastasized colorectal cancer cells, which bind to ST. In normal individuals,
ST receptors are found exclusively in cells of intestine, n particular in cells in the
duodenum, small intestine (jejunum and ileum), the large intestine, colon (cecum,
ascending colon, transverse colon, descending colon and sigmoid colon) and rectum.

As used herein, the terms “colorectal cancer-associated transcript” and
“CRCA-1 transcript" are meant to refer to an alternative form of the mRNA for the ST
receptor produced by transcription of the human ST receptor gene. The CRCA-1
transcript possesses an alternative sequence from that of the ST receptor encoding-
mRNA. CRCA-I transcript preferably has a nucleotide sequence set forth in SEQ ID
NO:1. CRCA-1 transcript is found in colorectal cells, including local and metastasized
colorectal cancer cells. In normal individuals, CRCA-1 transcript have been found
exclusively in cells of intestine, in particular in cells in the duodenum, small intestine
(ejunum and ileum), the large intestine, colon (cecum, ascending colon, transverse

colon, descending colon and sigmoid colon) and rectum.
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As used herein, the term “functional fragment” as used in the term
“functional fragment of a CRCA-1 transcript product” is meant to fragments of CRCA-1
transcript which are functional with respect to nucleic acid molecules with full length
sequences. For example, a functional fragment may be useful as an oligonucleotide or
nucleic acid probe, a primer, an antisense oligonucleotide or nucleic acid molecule or a
coding sequence. Functional fragments of the CRCA-1 transcript are unique compared
to other known nucleic acid molecules, in particular functional fragments of the CRCA-
| transcript are unique compared to nucleic acid sequence of the ST receptor mRNA.
The nucleotide sequence encoding human ST receptor protein is disclosed in Figure 1,
SEQ ID NO:82 and F.J. Sauvage et al. 1991 J. Biol. Chem. 266:17912-17918.

The deleted sequence which results in the
generation of the CRCA-1 transcript is disclosed in Figure 1. Thus, the functional
fragments of the CRCA-1 include specific sequences not found on the ST receptor
mRNA. Such unique sequences include the sequences on either side of the deletion thus
forming a unique sequence relative to the ST receptor mRNA sequence. Accordingly, a
functional fragment will include nucleotides 110-113 of SEQ ID NO:1. It is preferred
that the unique sequence additionally include 5-10 or more sequences 5° to nucleotide
110 and 5-10 or more sequences 3 to nucleotide 113. Oligonucleotides and other
fragments of the CRCA-1 transcript which have sequences of function fragments include
nucleotides 110-113 of SEQ ID NO:1 and ma additionally include sequences 5’ and 3’
to the unique four nucleotide sequences formed by the deletion. For example, a PCR
primer having 8-28 nucleotides including a unique sequence for CRCA-1, i.e. a
functional fragment having 8 nucleotides may include nucleotide sequence 106-113 or
110-117 or an 8 nucleotide sequence generated from the intermediate sequences, i.e.
107-114, 108-115 or 109-116, or a functional fragment having 28 nucleotides may
include nucleotide sequence 86-113 or 110-137 or a 28 nucleotide sequence generated
frorh the intermediate sequences. Similarly, other functional fragments of CRCA-1
transcript would include 110-113 of SEQ ID NO:1 as part of a fragment of SEQ ID
NO:1. With respect to CRCA-1 specific primers, sets of such primers may include one
unique fragment of CRCA-1 transcript and one primer which is not specific for a unique
CRCA-1 sequence provided that such a pair of primers can be used to amplify a CRCA-

1 specific sequence.
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As used herein, the terms ‘“colorectal cancer-associated translation
products” and “CRCA-1 translation products" are meant to refer to translation products
set forth in SEQ ID NOs:2-81.

As used herein, the term “functional fragment” as used in the term
“functional fragment of a CRCA-1 translation product” 1s meant to fragments of CRCA-
1 translation products which function 1n the same manner as proteinaceous compounds
with full length sequences. For example, an immunogenically functional fragment of a
CRCA-1 comprises an epitope recognized by an anti-CRCA-1 translation product
antibody. A ligand-binding functional fragment of a CRCA-1 comprises a sequence
which forms a structure that can bind to a ligand which recognizes and binds to a
CRCA-1 translation product.

As used herein, the term “epitope recognized by an anti-CRCA-1
translation product antibody” refers those epitopes recognized by an anti-CRCA-1
translation product antibody which does not recognize epitopes of non-CRCA-1
translation products, i.e. does not cross react with non-CRCA-1 proteins.

As used herein, the term "antibody" 1s meant to refer to complete, intact
antibodies, and Fab fragments and F(ab), fragments thereof. Complete, intact antibodies
include monoclonal antibodies such as murine monoclonal antibodies, chimeric
antibodies and humanized antibodies.

As used herein, the term "CRCA-1 translation product ligand" 1s meant to
refer to compounds which specifically bind to a CRCA-1 translation product.
Antibodies that bind to a CRCA-1 translation product are CRCA-1 translation product
ligands. An CRCA-1 translation product ligand may be a protein, peptide or a non-
peptide.

As used herein, the term "active agent” 1s meant to refer to compounds
that are therapeutic agents or 1maging agents.

As used herein, the term "radiostable” 1s meant to refer to compounds
which do not undergo radioactive decay; 1.e. compounds which are not radioactive.

As used herein, the term "therapeutic agent” 1s meant to refer to
chemotherapeutics, toxins, radiotherapeutics, targeting agents or radiosensitizing agents.

As used herein, the term "chemotherapeutic” 1s meant to refer to

compounds that, when contacted with and/or incorporated into a cell, produce an effect
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on the cell including causing the death of the cell, inhibiting cell division or inducing
differentiation.

As used herein, the term "toxin" 1s meant to refer to compounds that, when
contacted with and/or incorporated into a cell, produce the death of the cell.

As used herein, the term "radiotherapeutic” is meant to refer to
radionuclides which when contacted with and/or incorporated into a cell, produce the
death of the cell.

As used herein, the term "targeting agent" is meant to refer compounds
which can be bound by and or react with other compounds. Targeting agents may be
used to deliver chemotherapeutics, toxins, enzymes, radiotherapeutics, antibodies or
imaging agents to cells that have targeting agents associated with them and/or to convert
or otherwise transform or enhance co-administered active agents. A targeting agent may
include a moiety that constitutes a first agent that i1s localized to the cell which when
contacted with a second agent either 1s converted to a third agent which has a desired
activity or causes the conversion of the second agent into an agent with a desired
activity. The result is the localized agent facilitates exposure of an agent with a desired
activity to the metastasized cell.

As used herein, the term "radiosensitizing agent” 1s meant to refer to
agents which increase the susceptibility of cells to the damaging effects of 10nizing
radiation. A radiosensitizing agent permits lower doses of radiation to be administered
and still provide a therapeutically etfective dose.

As used herein, the term "imaging agent" 1s meant to refer to compounds
which can be detected.

As used herein, the term "CRCA-1 translation product binding moiety" 1s
meant to refer to the portion of a conjugated compound that constitutes an CRCA-1
translation product ligand.

As used herein, the term "active motety" 1s meant to refer to the portion
of a conjugated compound that constitutes an active agent.

As used herein, the terms "conjugated compound” and "conjugated
composition" are used interchangeably and meant to refer to a compound which
comprises an CRCA-1 translation product binding moiety and an active moiety and

which is capable of binding to the CRCA-1 translation product. Conjugated compounds
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according to the present invention comprise a portion which constitutes an CRCA-1
translation product ligand and a portion which constitutes an active agent. Thus,
conjugated compoundé according to the present invention are capable of specifically
binding to the CRCA-1 translation product and include a portion which 1s a therapeutic
agent or imaging agent. Conjugated compositions may comprise crosslinkers and/or
molecules that serve as spacers between the moieties.

As used herein, the terms "crosshinker"”, "crosslinking agent", "conjugating
agent", "coupling agent", "condensation reagent" and "bifunctional crosslinker" are used
interchangeably and are meant to refer to molecular groups which are used to attach the

CRCA-1 translation product ligand and the active agent to thus form the conjugated

compound.

As used herein, the term "colorectal cancer” 1s meant to include the well-
accepted medical definition that defines colorectal cancer as a medical condition
characterized by cancer of cells of the intestinal tract below the small intestine (1.e. the
large intestine (colon), including the cecum, ascending colon, transverse colon,
descending colon, and sigmoid colon, and rectum). Additionally, as used herein, the
term "colorectal cancer" i1s meant to further include medical conditions which are
characterized by cancer of cells of the duodenum and small intestine (jejunum and
ileum). The definition of colorectal cancer used herein 1s more expansive than the
common medical definition but is provided as such since the cells of the duodenum and
small intestine also contain CRCA-1 translation products and are therefore amenable to
the methods of the present invention using the compounds of the present invention.

As used herein, the term "metastasis" 1s meant to refer to the process in
which cancer cells originating in one organ or part of the body relocate to another part
of the body and continue to replicate. Metastasized cells subsequently form tumors
which may further metastasize. Metastasis thus reters to the spread of cancer from the
part of the body where i1t originally occurs to other parts of the body. The present
invention relates to methods of delivering active agents to metastasized colorectal cancer
cells.

As used herein, the term "metastasized colorectal cancer cells" 1s meant to
refer to colorectal cancer cells which have metastasized; colorectal cancer cells localized

in a part of the body other than the duodenum, small intestine (jejunum and ileum),
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large intestine (colon), including the cecum, ascending colon, transverse colon,
descending colon, and sigmoid colon, and rectum.
As used‘herein, the term "non-colorectal sample" and "extra-intestinal
sample" are used interchangeably and meant to refer to a sample of tissue or body fluid
§ from a source other than colorectal tissue. In some preferred embodiments, the non-
colorectal sample is a sample of tissue such as lymph nodes. In some preferred
embodiments, the non-colorectal sample is a sample of extra-intestinal tissue which 1s an
adenocarcinoma of unconfirmed origin. In some preferred embodiments, the non-
colorectal sample is a blood sample.

10 As used herein, "an individual suffering from an adenocarcinoma of
unconfirmed origin" is meant to refer to an individual who has a tumor 1n which the
origin has not been definitively 1dentified.

As used herein, "an individual 1s suspected of being susceptible to
metastasized colorectal cancer" 1s meant to refer to an individual who is at a particular

15 risk of developing metastasized colorectal cancer. Examples of individuals at a
particular risk of developing metastasized colorectal cancer are those whose family
medical history indicates above average incidence of colorectal cancer among family
members and/or those who have already developed colorectal cancer and have been
effectively treated who therefore face a risk of relapse and recurrence.

20 As used herein, the term "antisense composition” and "antisense molecules”
are used interchangeably and are meant to refer to compounds that regulate transcription
or translation by hybridizing to DNA or RNA and inhibiting and/or preventing
transcription or translation from taking place. Antisense molecules include nucleic acid
molecules and derivatives and analogs thercof. Antisense molecules hybridize to DNA

25 or RNA in the same manner as complementary nucleotide sequences do regardless of
whether or not the antisense molecule 1s a nucleic acid molecule or a derivative or
andlog. Antisense molecules inhibit or prevent transcription or translation of genes
whose expression is linked to colorectal cancer.

As used herein, the term "CRCA-1 immunogen" 1s meant to refer to one or

30 more CRCA-1 translation products or a fragment thereof or a protein that comprises the

same or a haptenized product thereof, cells and particles which display at least one
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CRCA-1 epitope, and haptenized cells and haptenized particles which display at least
one CRCA-1 epitope.

As used Aherein, the term "recombinant expression vector" 1s meant to refer
to a plasmid, phage, viral particle or other vector which, when introduced into an
appropriate host, contains the necessary genetic elements to direct expression of the
coding sequence that encodes the protein. The coding sequence 1s operably linked to
the necessary regulatory sequences. Expression vectors are well known and readily
available. Examples of expression vectors include plasmids, phages, viral vectors and
other nucleic acid molecules or nucleic acid molecule containing vehicles useful to
transform host cells and facilitate expression of coding sequences.

As used herein, the term “illegitimate transcription’” 1s meant to refer to the
low level or background expression of tissue-specific genes 1n cells from other tissues.
The phenomenon of illegitimate transcription thus provides copies of mRNA for a tissue
specific transcript in other tissues. If detection techniques used to detect gene
expression are sufficiently sensitive to detect illegitimate transcription, the expression
level of the transcript in negative samples due to 1llegitimate transcription must be
discounted using controls and/or quantitative assays and/or other means to eltminate the
incidence of false positive due to illegitimate transcription. Alternatively, detection of
evidence of CRCA gene expression in sample 1s achieved without detecting CRCA
transcript present due to illegitimate transcription. This 1s accomplished using
techniques which are not sufficiently sensitive to detect the CRCA transcript present due

to illegitimate transcription which is present as background.

ST Receptors and CRCA-1

Carcinomas derived from intestinal mucosa continue to express ST
receptors on their cell surfaces. The expression of ST receptors by metastatic tumors
enables this protein and its mRNA to be a specific biomarker for the presence of
metastatic colorectal cancer cells in extra-intestinal tissues and blood. Indeed, this
characteristic permits the detection of ST receptor mRNA by RT-PCR analysis to be a

diagnostic test to stage patients with colorectal cancer and follow patients after surgery

30 for evidence of recurrent disease in their blood. Further, the ST receptor may be
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targeted with a ligand conjugated to an active agent in order to deliver the active agent
to metastasized colorectal tumor cells iz vivo.

U.S. Pat‘ént No. 5,518,888 1ssued May 21, 1996 to Waldman, PCT

application PCT/US94/12232 filed October 26, 1994, U.S. Patent No. 5,962,220 issued October

5, 1999 and U.S. Patent No. 5,879,656 issued March 9, 1999 disclosed that metastasized |

colorectal tumors can be targeted for delivery of active compounds by targeting ST
receptors. The presence of ST receptors on cells outside of the intestinal tract as a
marker for colorectal cancer allows for the screenming, identification and treatment of
individuals with metastasized colorectal tumors. ST receptors may also be used to
target delivery of gene therapeutics and antisense compounds to colorectal cells.

U.S. Patent No. 5,601,990 issued February 11, 1997 to Waldman, PCT
application PCT/US94/12232 filed October 26, 1994, and PCT application '
PCT/US97/07467 filed May 2, 1997
disclose that detection of evidence of expression of ST receptors in samples of tissue
and body fluid from outside the intestinal tract indicate metastasized colorectal cancer.

PCT application PCT/US97/07565 filed May 2, 1997

disclose that immunogens with epitopes that can be
targeted by antibodies that réact with ST receptors can be used in vaccines compositions
useful as prophylactic and therapeutic anti-metastatic colorectal cancer compositions.

Recently, studies have identified an alternative form of the mRNA for the
ST receptor, isolated from human colon carcinoma cells. This mRNA has a substantial
deletion of nucleic acids in the first exon in the coding region of the ST receptor. This
deletion results in a frameshift of the coding region such that it no longer encodes the
amino acid sequence of the ST receptor. However, this alternative splice variant mRNA
appears to exhibit a selective pattern of expression that parallels that of the ST receptor.
This newly-identified mRINA has been detected only in normal intestinal mucosal cells,
human colorectal tumors, but not in extra-intestinal tissues. Furthermore, the expression
of this newly-1dentified mRNA can be detected by RT-PCR analysis separately from ST
receptor mRNA. Thus, the present invention provides the use of this colorectal cancer-.
associated transcript (CRCA-1) as a specific molecular diagnostic marker for the

diagnosis, staging, and post-operative surveillance of patients with colorectal cancer.
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The newly-identified CRCA-1 appears to be a highly specific marker for
the diagnosis, staging, and post-operative survelllance of patients with colorectal cancer.
Detection of the expréssion of CRCA-1 employing molecular techniques, including, but
not limited to, RT-PCR, can be employed to diagnose and stage patients, follow the
development of recurrence after surgery, and, potentially, screen normal people for the
development of colorectal cancer. Detection of the expression of CRCA-1 employing
molecular techniques, including, but not imited to, RT-PCR, can be employed to
diagnose and stage patients, follow the development of recurrence after surgery, and,
potentially, screen normal people for the development of colorectal cancer.

The nucleotide sequence of the CRCA-1 transcription product 1s set forth
as SEQ ID NO:1. Cells of colorectal origin may be distinguished from cells of other
origin based by detecting the presence or absence of the CRCA-1 transcription product.

[t has further been discovered that one or more translation products may be
produced from translation of the CRCA-1 transcription product. The transcription
product contains a number of initiation codons from which translation can begin,
generating a number of translation products. Amino acid sequences of CRCA-1
translation products are set forth as SEQ ID Nos:2-81. Cells of colorectal origin may
be distinguished from cells of other origin by detecting the presence or absence of one
or more of the CRCA-1 translation products.

ST receptors are unique in that they are only localized 1n the apical brush
border membranes of the cells lining the intestinal tract. Indeed, they are not found 1n
any other cell type in placental mammals. In addition, ST receptors are aimost
exclusively localized to the apical membranes, with little being found 1n the basolateral
membranes on the sides of intestinal cells. Like ST receptors, the expression of CRCA-
1 1s similarly localized.

Mucosal cells lining the intestine are joined together by tight junctions
which form a barrier against the passage of intestinal contents into the blood stream and
components of the blood stream into the intestinal lumen. Therefore, the apical location
of cells expressing ST receptors and CRCA-1 isolates results in the 1solation of such
cells from the circulatory system so that they may be considered to exist separate from
the rest of the body; essentially the "outside" of the body. Theretfore, the rest of the

body is considered "outside" the intestinal tract. Compositions administered "outside”
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the intestinal tract are maintained apart and segregated from the only cells which
normally express ST receptors. Conversely, tissue samples taken from tissue outside of
the intestinal tract do not normally contain cells which express ST receptors and CRCA-
1.

In individuals suffering from colorectal cancer, the cancer cells are often
derived from cells that produce and display the ST receptor and these cancer cells
continue to produce and display the ST receptor on thetr cell surfaces. It has been
observed that CRCA-1 1s expressed by colorectal cancer cells.

When such cancer cells metastasize, the metastasized cancer cells continue
to produce and display the ST receptor. The expression of CRCA-1 by metastatic tumor
cells provides a detectable target for in vitro screening, diagnosis, monitoring and
staging as well as a target for in vivo delivery of conjugated compositions that comprise
active agents for the imaging and treatment.

The present invention relates to isolated CRCA-1 translation products. The
present invention relates to 1solated CRCA-1 transcript. The present invention relates to
isolated antibodies specific for such products and to hybridomas which produce such
antibodies. Isolated translation products or functional fragments thereof are usetul to
generate antibodies according to the invention. Some aspects of the invention nucleic
acid molecules that encode the franslation products. Nucleic acid molecules are useful

to produce proteins which are be used to generate antibodies.

In vitro Diagnostics

According to some embodiments of the invention, compositions, kits and
in vitro methods are provided for screening, diagnosing and analyzing patients and
patient samples to detect evidence of CRCA-1 expression by cells outside of the
intestinal tract wherein the expression of CRCA-1 1s indicative of metastasis of
colorectal cancer. Furthermore, the present invention relates to methods, compositions
and kits useful in the in vitro screening, diagnosis and analysis of patient and patient
samples to detect evidence of CRCA-1 expression by tumor cells outside of the

intestinal tract wherein the presence of cells that express CRCA-1 indicates and/or

confirms that a tumor is of colorectal cancer origin. In an additional aspect of the

invention, compositions, kits and methods are provided which are useful to visualize
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colorectal cells. Such compositions, kits and methods of analyzing tissue samples from
the colon tissue to evaluate the extent of metastasis or imnvasion of colorectal tumor cells
into the lamina proprié

In vitro screening and diagnostic compositions, methods and kits can be
used 1n the monttoring of individuals who are in high risk groups for colorectal cancer
such as those who have been diagnosed with localized disease and/or metastasized
disease and/or those who are genetically linked to the disease. In vitro screening and
diagnostic compositions, methods and kits can be used in the monitoring of individuals
who are undergoing and/or have been treated for localized colorectal cancer to
determine if the cancer has metastasized. [n vitro screening and diagnostic
compositions, methods and kits can be used 1n the monitoring of individuals who are
undergoing and/or have been treated for metastasized colorectal cancer to determine if
the metastasized cancer has been eliminated. In vitro screening and diagnostic
compositions, methods and kits can be used 1n the monitoring of individuals who are
otherwise susceptible, 1.e. individuals who have been i1dentified as genetically
predisposed such as by genetic screening and/or family histories. Advancements in the
understanding of genetics and developments in technology as well as epidemiology
allow for the determination of probability and risk assessment an individual has for
developing colorectal cancer. Using family health histories and/or genetic screening, it
is possible to estimate the probability that a particular individual has for developing
certain types of cancer including colorectal cancer. Those individuals that have been
identified as being predisposed to developing a particular form of cancer can be
monitored or screened to detect evidence of metastasized colorectal cancer. Upon
discovery of such evidence, early treatment can be undertaken to combat the disease.
Accordingly, individuals who are at risk for developing metastasized colorectal cancer
may be 1dentified and samples may be 1solated form such individuals. The invention is
particularly useful for monitoring individuals who have been identified as having family
medical histories which include relatives who have suffered from colorectal cancer.

Likewise, the invention is particularly useful to monitor individuals who have been

diagnosed as having colorectal cancer and, particularly those who have been treated and
had tumors removed and/or are otherwise experiencing remission including those who

have been treated for metastasized colorectal cancer.
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In vitro screening and diagnostic compositions, methods and kits can be
used in the analysis of tumors. Expression of CRCA-1 is a marker for cell type and
allows for the identification of the origin of adenocarcinoma of unconfirmed origin as
colorectal tumors as well as allowing for an mmitial diagnosis of colorectal cancer to be
confirmed. Tumors believed to be colorectal in origin can be confirmed as such using
the compositions, methods and kits of the mmvention. The invention can be used to

confirm the diagnosis of colorectal cancer by confirming that tumors are of colorectal
origin. Similarly, tumors of unknown origin can be analyzed and identified as being
colorectal in origin using the compositions, methods and kits of the invention. - The
mvention can be used to identify colorectal tumors in samples of tumors removed from
individuals suffering from adenocarcinomas of unconfirmed origin.

In witro screening and diagnostic compositions, kits and methods of the
invention can be used to analyze tissue samples from the colon tissue to evaluate the
extent of metastasis or invasion of colorectal tumor cells into the lamina propria. The
lamina propria represents the barrier between the colorectal tract and the rest of the
body, see Bailey's Textbook of Histology, 16th edition, Coperhaven et al. 1975 Williams
and Wilkens, Baltimore MD at page 404. By
identifying the presence of CRCA-1 Umsaa or translation products in cells of the
lamina propria, the extent of invasion/infiltration of colorectal tumor cells into non-
colorectal tissue can be evaluated and confirmed.

According to the invention, compounds are provided which bind to CRCA-
] transcript or translation products. Normal tissue in the body does not have CRCA-1
transcript or translation products except cells of the intestinal tract. Metastasized
colorectal cells may be identified by detecting in non-colorectal samples CRCA-1
transcript or translation products. The expression of CRCA-1 is a marker for cell type
and allows for the identification of colorectal metastasis in extra-intestinal samples.
CRCA-1 transcript or translation products may be used to visualize colorectal derived
cells from other cells of the lumen in order to evaluate the level of invasion of
colorectal tumor cells into the basement membrane.

In some embodiments of the invention, non-colorectal tissue and fluid

samples or tumor samples may be screened to identify the presence or absence of

CRCA-1 translation products. Techniques such as ELISA assays and Western blots may
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be performed to determine whether one or more CRCA-1 translation products are
present in a sample.

In some-‘embodiments of the imvention, non-colorectal tissue and fluid
samples or tumor samples may be screened to identify whether one or more CRCA-1
translation products are being expressed in cells outside of the colorectal tract by
detecting the presence or absence of CRCA-1 transcript. The presence of CRCA-1
transcript or cDNA generated therefrom can be determined using techniques such as
PCR amplification, branched oligonucleotide technology, Northern Blots (mRNA),
Southern Blots (cDNA), or oligonucleotide hybridization.

In some embodiments of the invention, cells of non-colorectal tissue
samples or tumor samples may be examined to identify the presence or absence of one
or more CRCA-1 translation products. Techniques such as immunohistochemistry blots
may be performed on tissue sections to determine whether one or more CRCA-1
translation products are present in a sample.

In some embodiments of the invention, cells of non-colorectal tissue
samples or tumor samples may be examined to determine whether one or more CRCA-1
translation products is being expressed in cells outside of the colorectal tract by
detecting the presence or absence of the CRCA-1 transcript. The presence of the
CRCA-1 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>