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WO 92/16656 - PCT/US92/00377

GENE MUTATED IN COLORECTAL CANCER OF HUMANS

The U.S. Government has a paid-up license in this invention
and the right in limited circumstances to require the patent owner to
license others on reasonable terms as provided for by the terms of
grants awarded by the National Institutes of Health.

TECHNICAL AREA OF THE INVENTION _

The invention relates to the area of cancer diagnostics and
therapeutics. More particularly, the invention relates to detection of
the alteration of wild-type MCC genes in tumor tissues. In addition, it
relates to therapeutic intervention to restore the function of MCC

gene product.
BACKGROUND OF THE INVENTION

According to the model of Knudson for tumorigenesis (Cancer
Research, vol. 45, p. 1482, 1985), there are tumor suppressor genes in
all normal cells which, when they become non-functional due to
mutation, cause neoplastie developrhent. Evidence for this model has
been found in the eases of retinoblastoma and colorectal tumors. The
implicated suppressor genes in those tumors, RB and p53 and DCC,
were found to be deleted or altered in many cases of the tumors stud-
ied. (Hansen and Cavenee, Cancer Research, vol. 47, pp. 5518-5527
(1987); Baker et al., Science, vol. 244, p. 217 (1989); Fearon et al.,
Science, vol. 247, p. 49 (1990).)

In order to fully understand the pathogenesis of tumors, it will
be necessary to identify the other suppressor genes that play a role in
the tumorigenesis process. Prominent among these is the one(s) pre-
sumptively located at 5q21. Cytogenetic (Herrera et al., Am J. Med.
Genet., vol. 25, pg. 473 (1986) and linkage (Leppert et al., Science,
vol. 238, pg. 1411 (1987); Bodmer et al., Nature, vol. 328, pg. 614
(1987)) studies have shown that this chromosome region harbors the

SUBSTITUTE SHEET



WO 92/16656 PCT/US92/00377
- 2 -

gene responsible for familial adenomatous polyposis (FAP), an
* autosomal-dominant, inherited disease in which affected individuals
develop hundreds to thousands of adenomatous polyps, some of which
progress to malignancy. Additionally, this chromosomal region is
often deleted from the adenomas (Vogelstein et al., N. Engl. J. Med,,
vol. 319, pg. 525 (1988)) and carcinomas (Vogelstein et al., N. Engl. J.
Med., vol. 319, pg. 525 (1988); Solomon et al., Nature, vol. 328, pg. 616
(1987); Sasaki et al., Cancer Research, vol. 49, pg. 4402 (1989);
Delattre et al., Lancet, vol. 2, pg. 353 (1989); and Ashton-Rickardt et
al., Oncogene, vol. 4, pg. 1169 (1989)) of patients without FAP. Thus,
a putative suppressor gene on chromosome 5q21 appears to play a role
in the early stages of colorectal neoplasia in both sporadic and f amil-
' ial tumors. However, no gene has been identified on 5q21 which is a
candidate suppressor gene. Thus thereis a need in the art for investi-
gations of this chromosomal region to identify genes and to determine
if any of such genes are associated with the process of tumorigenesis.

SUMMARY OF THE INVENTION
It is an object of the present invention to provide a method for

diagnosing and prognosing a neoplastie tissue of a human.
It is another object of the invention to provide a method of

supplying wild-type MCC gene funection to a cell which has lost said

gene funetion.
It is yet another object of the invention to provide a kit for

determination of the nucleotide sequence of MCC alleles by the

polymerase chain reaction.

It is still another object of the invention to provide nucleic
acid probes for detection of mutations in the human MCC gene.

It is another object of the invention to provide a method of
detecting genetic predisposition to cancer.

It is still another object of the invention to provide a ¢cDNA

molecule encoding the MCC gene product.
It is yet another object of the invention to provide a prepara-

tion of the human MCC protein.
These and other objeets of the invention are provided by one or
more of the embodiments which are deseribed below. In one embodi-

ment of the present invention a method of diagnosing or prognosing a
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neoplastie tissue of a human is provided comprising: isolating a tissue
from a human; and detecting alteration of wild-type MCC genes or
their expression products from said tissue, said alteration indicating
neoplasia of the tissue.

In another embodiment of the present invention a method is
provided for supplying wild-type MCC gene function to a cell which
has lost said gene funection by virtue of a mutation in the MCC gene,
comprising: introducing a wild-type MCC gene into a cell which has
lost said gene function such that said wild-type gene is expressed in
the cell.

In another embodiment a method of supplying wild-type MCC
gene function to a cell is provided comprising introducing a portion of
a wild-type MCC gene into a cell which has lost said gene function
such that said portion is expressed in the cell, said portion encoding a
part of the MCC protein which is required for non-neoplastic growth '
of said cell. Synthetic peptides or drugs ean also be used to mimic
MCC function in cells which have altered MCC expression.

In yet another embodiment a pair of single stranded primers is
provided for determination of the nucleotide sequence of the MCC
gene by polymerase chain reaction. The sequence of said pair of sin-
gle stranded DNA primers is derived from chromosome 5q band 21,
said pair of primers allowing synthesis of MCC gene coding sequences.

In still another embodiment of the invention a nuecleic acid
probe is provided which is complementary to human wild-type MCC
gene coding sequences and which can form mismatches with mutant
MCC genes, thereby allowing their detection by enzymatic or chemi-
cal cleavage or by shifts in electrophoretic mobility.

In another embodiment of the invention a method is provided
for detecting the presence of a neoplastic tissue in a human. The
method comprises isolating a body sample from a human; detecting in
said sample alteration of a wild-type MCC gene sequence or wild-type
MCC expression product, said alteration indicating the presence of a
neoplastie tissue in the human.

In yet another embodiment a method is provided of detecting
genetic predisposition to cancer in a human, ecomprising: isolating a
human sample selected from the group consisting of blood and fetal
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tissue; detecting alteration of wild-type MCC gene coding sequences
or their expression products from the sample, said alteration indicat-
ing genetic predisposition to cancer.

In still another embodiment a cDNA molecule is provided
which comprises the coding sequence of the MCC gene.

In even another embodiment a preparation of the human MCC
protein is provided which is substantially free of other human pro-
teins. The amino acid sequence of the protein is shown in SEQ ID
NO: 2.

The present invention provides the art with the information
that the MCC gene, a heretofore unknown gene is, in fact, a target of
mutational alterations on chromosome 5qg21 and that these alterations
are associated with the process of tumorigenesis. This information
allows highly spemflc assays to be performed to assess the neoplastic

_status of a parucular tissue or the predisposition to cancer of an
individual.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows a Southern blot analysis of tumor T14 demon-

strating a somatic change. Lanes 1 and 2 contain 5 ug of DNA iso-
lated from normal tissue of patient T14; Lanes 3 and 4 contain 5 ug of
DNA isolated from the T14 colon carcinoma. Lanes 1 and 3 were
cleaved with Eco RI; Lanes 2 and 4 were cleaved with Pst L The
Southern biot in panel A was hybridized to a subclone of eosmid 5.71
(5.71-3). Panels B (3 hour exposure) and C (20 hour exposure) show
the same Southern blot hybridized with the abnormal 11 kb fragment
cloned from the T14 tumor. The daggers indicate the novel alter-
ations in T14. The size markers indicated on the right represent
HindII-cleaved lambda phage DNA and Haelli-cleaved PhiX phage

DNA.
Figure 2 shows the sequence of putative exons from the 5.71

cosmid. Panel A shows the sequence of the 5.71-5 exon and the
related rat exon. Panel B shows the sequence of the 5.71-3 exon and
the related rat exon. Rat sequences are listed only where they differ
from the human sequence. Lower case letters signify introns sur-
rounding the exons. The primers used for PCR are demarcated by
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arrows. Primers P2 and P4 were reversed and complemented relative
to the sequence shown.

Figure 3 shows the nucleotide sequence of the MCC ¢DNA and
predicted amino acid sequence. The sequence shown represents the
composite sequence of seven overlapping clones.

Figure 4 shows PCR - RNase Protection Analysis. The analysis
was performed on PCR products and the resulting cleavage products
separated by denaturing gel electrophoresis. Panel A shows the
results of analysis of the exon encoding nucleotides 2305 to 2405.
Lanes 1, 2, and 3 show the results obtained from DNA isolated from
three different tumors that did not show any changes. Lanes marked
T and N show the results obtained from DNA isolated from patient
91's tumor or normal cells, respectively. Panel B show the results of
analysis of the exon encoding nucleotides 1679-1862. Lanes marked T
and N show the results obtained from DNA isolated from patient 35's
tumor and normal cells, respectively.

Figure 5 shows a comparison of MCC and the G Protein acti-
vating region of human m3 muscarinic acetyicholine receptor
(mAChR). Connecting lines indicate identities; dots indicate related
amino acid residues. Domain A refers to the 10 amino acid region
which, when deleted, alters G protein responses. Domain B refers to
the 9 amino acids which ean mediate specificity of mAChR G protein
coupling.

DETAILED DESCRIPTION

It is a disecovery of the present invention that mutational
events associated with tumorigenesis occur in a previously unknown
gene on chromosome 5q named here the MCC (Mutated in Colorectal
Cancer) gene. Although it was previously known that deletion of
alleles on chromosome 5q were common in certain types of cancers,
it was not known that a target gene of these deletions was the MCC
gene. Further it was not known that other types of mutational events
in the MCC gene are also associated with cancers. The mutations of
the MCC gene can involve gross rearrangements, such as insertions
and deletions. Point mutations have also been observed.

According to the diagnostic and prognostic method of the
present invention, alteration of the wild-type gene is detected.
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nAlteration of a wild-type gene" according to the present invention
encompasses all forms of mutations — ineluding deletions. The alter-
ation may be due to either rearrangements such as insertions, inver-
sions, and deletions, or to point mutations. Deletions may by of the
entire gene or only a portion of the gene. If only a single allele is
mutated, an early neoplastic state is indicated. However, if both
alleles are mutated then a late neoplastie state is indicated. The find-
ing of MCC mutations thus provides both diagnostic and prognostic
information. An MCC allele which is not deleted (e.g., that on the
sister chromosome to a chromosome carrying an MCC deletion) can be
sereened for other mutations, such as insertions, small deletions, and
point mutations. It is believed that many mutations found in tumor
tissues will be those leading to decreased expression of the MCC gene
product. However, mutations leading to non-functional gene products
would also lead to a cancerous State. Point mutational events may
occur in regulatory regions, such as in the promoter of the gene,
leading to loss or diminution of expression of the mRNA. Point
mutations may also abolish proper RNA processing, leading to loss of
expression of the MCC gene product.

In order to detect the alteration of the wild-type MCC gene in
a tissue, it is helpful to isolate the tissue free from surrounding nor-
mal tissues. Means for enriching a tissue preparation for tumor cells
are known in the art. For example, the tissue may be isolated from
paraffin or cryostat sections. Cancer cells may also be separated
from normal cells by flow cytometry. These as well as other tech-
niques for separating tumor from normal cells are well known in the
art. If the tumor tissue is highly contaminated with normal cells,
detection of mutations is more difficult.

Detection of point mutations may be accomplished by molecu-
lar cloning of the allele (or alleles) present in the tumor tissue and
sequencing that allele(s) using techniques well known in the art.
Alternatively, the polymerase chain reaction (PCR) can be used to
amplify gene sequences directly from a genomic DNA preparation
from the tumor tissue. The DNA sequence of the amplified sequences
can then be determined. The polymerase chain reaction itself is well
known in the art. See, e.g., Saiki et al., Science, Vol. 239, p. 487,
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1988; U.S. 4,683,203; and U.S. 4,683,195. Specifie primers which ean
be used in order to amplify the gene will be discussed in more detail
below. The ligase echain reaction, which is known in the art, can also
be used to amplify MCC sequences. See Wu et al., Genomics, vol. 4,
pp. 560-569 (1989). In addition, a technique known as allele specific
PCR can be used. (See Ruano and Kidd, Nucleic Acids Research, vol
17, p. 8392, 1989.) According to this technique, primers are used
which hybridize at their 3' ends to a particular MCC mutation. If the
particular MCC mutation is not present, an amplification produect is
not observed. Insertions and deletions of genes can also be detected
by ecloning, sequencing and amplification. In addition, restriction
fragment length polymorphism (RFLP) probes for the gene or sur-
rounding marker genes can be used to score alteration of an allele or
an insertion in a polymorphic fragment. Other techniques for detect-
ing insertions and deletions as are known in the art can be used.

Alteration of wild-type genes can also be detected on the basis
of the alteration of a wild-type expression product of the gene. Such
expression products include both the mRNA as well as the protein
product itself. The sequences of these products are shown in SEQ ID
NOS: 1 and 2. Point mutations may be detected by amplifying and
sequencing the mRNA or via molecular cloning of ¢eDNA made from
the mRNA. The sequence of the cloned ¢cDNA can be determined
using DNA sequencing techniques which are well known in the art.
The ¢DNA can also be sequenced via the polymerase chain reaction
(PCR) which will be discussed in more detail below.

Mismatches, according to the present invention are hybridized
nucleic aeid duplexes which are not 100% homologous. The lack of
total homology may be due to deletions, insertions, inversions, substi-
tutions or frameshift mutations. Mismatch detection can be used to
detect point mutations in the gene or its mRNA product. While these
techniques are less sensitive than sequencing, they are simpler to
perform on a large number of tumor samples. An example of a mis-
match cleavage technique is the RNase protection method, which is
described in detail in Winter et al., Proe. Natl. Acad. Sci. USA, Vol.
82, p. 7575, 1985 and Meyers et al., Science, Vol. 230, p. 1242, 1985.
In the practice of the present invention the method involves the use
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of a labeled riboprobe which is complementary to the human wild-
type gene coding sequence. The riboprobe and either mRNA or DNA
isolated from the tumor tissue are annealed (hybridized) together and
subsequently digested with the enzyme RNase A which is able to
detect some mismatehes in a duplex RNA structure. If a mismatch is
detected by RNase A, it cleaves at the site of the mismateh. Thus,
when the annealed RNA preparation is separated on’ an
electrophoretic gel matrix, if a mismatch has been detected and
cleaved by RNase A, an RNA product will be seen which is smaller
than the full-length duplex RNA for the riboprobe and the mRNA or
DNA. The riboprobe need not be the full length of the MCC mRNA or
gene but can be a segment of either. If the riboprobe comprises only
a segment of the MCC mRNA or gene it will be desirable to use a
number of these probes to sereen the whole mRNA sequence for
mismatches.

In similar fashion, DNA probes can be used to detect mis-
matches, through enzymatic or chemical cleavage. See, e.g., Cotton
et al., Proc. Natl. Acad. Sci. USA, vol. 85, 4397, 1988; and Shenk et
al., Proc. Natl. Acad. Sei. USA, vol. 72, p. 989, 1975. Alternatively,
mismatehes can be detected by shifts in the electrophoretic mobility
of mismatched duplexes relative to matched duplexes. See, e.g.,
Cariello, Human Genetics, vol. 42, p. 726, 1988. With either
riboprobes or DNA probes, the cellular mRNA or DNA which might
contain a mutation can be amplified using PCR (see below) before
hybridization. Changes in DNA of the MCC gene can also be detected
using Southern hybridization, especially if the changes are gross rear-
rangements, such as deletions and insertions.

DNA sequences of the MCC gene from the tumor tissue which
have been amplified by use of polymerase chain reaction may also be
sereened using allele-specific probes. These probes are nucleie acid
oligomers, each of which contains a region of the MCC gene sequence
harboring a known mutation. For example, one oligomer may be
about 30 nucleotides in length, corresponding to a portion of the MCC
gene sequence. By use of a battery of such allele-specific probes,
PCR amplification products can be screened to identify the presence
of a previously identified mutation in the MCC gene. Hybridization of
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allele-specific probes with amplified MCC sequences can be per-
formed, for example, on a nylon filter. Hybridization to a particular
probe under stringent hybridization conditions indicates the presence
of the same mutation in the tumor tissue as in the allele-specific
probe.

Alteration of MCC mRNA expression can be detected by any
technique known in the art. These include Northern blot analysis,
PCR amplification and RNase protection. Diminished mRNA expres-
sion indicates an alteration of the wild-type MCC gene.

Alteration of wild-type MCC genes can also be detected by
screening for alteration of wild-type MCC protein. For example,
monoclonal antibodies immunoreactive with MCC ecan be used to
sereen a tissue. Lack of cognate antigen would indicate an MCC
mutation. Antibodies specifie for products of mutant alleles could

_ also be used to detect mutant MCC gene product. Such immunological
assays could be done in any convenient format known in the art.
These include Western blots, immunohistochemical assays and ELISA
assays. Any means for detecting an altered MCC protein can be used
to detect alteration of wild-type MCC genes. Funectional assays can
be used, such as protein binding determinations. For example, it is
believed that MCC protein binds to a G protein. Thus, an assay for
the binding partner to that G protein can be employed. In addition,
assays can be used which detect MCC biochemical funetion. It is
believed that MCC is involved in phospholipid metabolism. Thus,
assaying the enzymatic products of the involved phospholipid meta-
bolic pathway can be used to determine MCC activity. Finding a
mutant MCC gene product indicates alteration of a wild-type MCC
gene,

Mutant MCC genes or gene products can also be detected in
other human body samples, such as, serum, stool, urine and sputum.
The same techniques discussed above for detection of mutant MCC
genes or gene products in tissues can be applied to other body sam-
ples. Cancer cells are sloughed off from tumors and appear in such
body samples. In addition, the MCC gene product itself may be
secreted into the extracellular space and found in these body samples
even in the absence of cancer cells. By screening such body samples,
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a simple early diagnosis can be achieved for many types of cancers.
In addition, the progress of chemotherapy or radiotherapy can be
monitored more easily by testing such body samples for mutant MCC
genes or gene products.

The methods of diagnosis of the present invention are applica-
ble to any tumor in which MCC has a role in tumorigenesis. Deletions
of chromosome arm 5q have been observed in tumors of lung, breast,
colon, rectum, bladder, liver, sarcomas, stomach and prostate, as well
as inleukemias and lymphomas. Thus these are likely to be tumors in
which MCC has a role. The diagnostic method of the present inven-
tion is useful for clinicians so that they can decide upon an appropri-
ate course of treatment. For example, a tumor displaying alteration
of both MCC alleles might suggest a more aggressive therapeutic regi-
men than a tumor displaying alteration of only one MCC allele.

The primer pairs of the present invention are useful for deter-
mination of the nucleotide sequence of the MCC gene using the
polymerase chain reaction. The pairs of single stranded DNA primers
can be annealed to sequences within or surrounding the MCC gene on
chromosome 5q in order to prime amplifying DNA synthesis of the
MCC gene itself. A complete set of these primers allows synthesis of
all of the nucleotides of the MCC gene coding sequences, ie., the
exons. The set of primers preferably allows synthesis of both intron .
and exon sequences. Allele specific primers can also be used. Such
primers anneal only to particular MCC mutant alleles, and thus will
only amplify a product in the presence of the mutant allele as a
template.

In order to facilitate subsequent cloning of amplified
sequences, primers may have restriction enzyme site sequences
appended to their 5' ends. Thus, all nucleotides of the primers are
derived from MCC sequences or sequences adjacent to MCC except
the few nucleotides necessary to form a restriction enzyme site. Such
enzymes and sites are well known in the art. The primers themselves
can be synthesized using techniques which are well known in the art.
Generally, the primers can be made using synthesizing machines
which are commercially available. Given the sequence of the MCC
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open reading frame shown in Figure 3, design of particular pfimers is
well within the skill of the art.

The nucleic aeid probes provided by the present invention are
useful for a number of purposes. They can be used in Southern hybrid-
ization to genomic DNA and in the RNase protection method for
detecting point mutations already discussed above. The probes can be
used to detect PCR amplification produets. They may also be used to
detect mismatches with the MCC gene or mRNA using other tech-
niques. Mismatches can be detected using either enzymes (e.g., S1
nuclease), chemicals (e.g., hydroxylamine or osmium tetroxide and
piperidine), or changes in electrophoretic mobility of mismatched
hybrids as compared to totally matched hybrids. These techniques are
known in the art. See, Cotton, supra, Shenk, supra, Myers, supra,
Winter, supra, and Novack et al., Proc. Natl. Acad. Sci. USA, vol. 83,
p. 586, 1986. Generally, the probes are complementary to MCC gene
coding sequences, although probes to certain introns are also contem-
plated. An entire battery of nucleic acid probes is used to compose a
kit for detecting alteration of wild-type MCC genes. The kit allows
for hybridization to the entire MCC gene. The probes may overlap
with each other or be contiguous.

If a riboprobe is used to deteet mismatches with mRNA, it is
complementary to the mRNA of the human wild-type MCC gene. The
riboprobe thus is an anti-sense probe in that it does not code for the
MCC protein because it is of the opposite polarity to the sense strand.
The riboprobe generally will be labeled with a radioactive,
colorimetrie, or fluorometric materials, which can be accomplished
by any means known in the art. If the riboprobe is used to detect mis-
matches with DNA it can be of either polarity, sense or anti-sense.
Similarly, DNA probes also may be used to detect mismatches.

Nucleic acid probes may also be complementary to mutant
alleles of MCC gene. These are useful to detect similar mutations in
other patients on the basis of hybridization rather than mismatches.
These are discussed above and referred to as allele-specific probes.
As mentioned above, the MCC probes can also be used in Southern
hybridizations to genomic DNA to deteet gross chromosomal changes
such as deletions and insertions. The probes can aiso be used to select
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cDNA clones of MCC genes from tumor and normal tissues. In addi-

" tion, the probes can be used to detect MCC mRNA in tissues to deter-
mine if expression is diminished as a result of alteration of wild-type
MCC genes. Provided with the MCC coding sequence shown in Figure
3 (SEQ ID NO:1), design of particular probes is well within the skill of
the ordinary artisan.

According to the present invention a method is also provided of
supplying wild-type MCC function to a cell which carries mutant
MCC alieles. Supplying such function should suppress neoplastic
growth of the recipient cells. The wild-type MCC gene or a part of
the gene may be introduced into the cell in a vector such that the
gene remains extrachromosomal. In such a situation the gene will be
expressed by the cell from the extrachromosomal location. If a gene
portion is introduced and expressed in a cell carrying a mutant MCC
allele, the gene portion should encode a part of the MCC protein
which is required for non-neoplastic growth of the cell. More pre-
ferred is the situation where the wild-type MCC gene or a part of itis
introduced into the mutant cell in such a way that it recombines with
the endogenous mutant MCC gene present in the cell. Such recombi-
nation requires a double recombination event which results in the
correction of the MCC gene mutation. Vectors for introduction of
genes both for recombination and for extrachromosomal maintenance
are known in the art and any suitable vector may be used. Methods
for introducing DNA into cells such as electroporation, caleium phos-
phate co-precipitation and viral transduetion are known in the art and
the choice of method is within thé competence of the routineer.
Cells transformed with the wild-type MCC-gene can be used as model
systems to study cancer remission and drug treatments which promote
such remission.

Polypeptides which have MCC activity can be supplied to cells
which earry mutant or missing MCC alleles. The sequence of the
MCC protein is diselosed in Figure 3 (SEQ ID NO:2). Protein can be
produced by expression of the cDNA sequence in bacteria, for exam-
ple, using known expression vectors. Alternatively, MCC can be
extracted from MCC-producing mammalian cells such as brain cells.
In addition, the techniques of synthetic chemistry can be employed to
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synthesize MCC protein. Any of such techniques ean provide the
preparation of the present invention which comprises the MCC gene
product having the sequence shown in Figure 3 (SEQ ID NO:2). The
preparation is substantially free of other human proteins. This is
most readily accomplished by synthesis in a mieroorganism or in vitro.
Active MCC molecules can be introduced into cells by microinjection
or by use of liposomes, for example. Alternatively, some such active
molecules may be taken up by cells, actively or by diffusion.
Extracellular application of MCC gene product may be sufficient to
affect tumor growth. Supply of molecules with MCC activity should
lead to a partial reversal of the neoplastic state. Other molecules
with MCC aectivity may also be used to effeect such a reversal, for
example peptides, drugs, or organic compounds.

The present invention also provides a preparation of antibodies
immunoreactive with a human MCC protein. The antibodies may be
polyclonal or monoclonal and may be raised against native MCC pro-
tein, MCC fusion proteins, or mutant MCC proteins. The antibodies
should be immunoreactive with MCC epitopes, preferably epitopes not
present on other human proteins. In a preferred embodiment of the
invention the antibodies will immunoprecipitate MCC proteins from
solution as well as react with MCC protein on Western or immunoblots
of polyacrylamide gels. In another preferred embodiment, the anti-
bodies will detect MCC proteins in parrafin or frozen tissue sections,
using immunocytochemical techniques. Techniques for raising and
purifying antibodies are well known in the art and any such tech-
niques may be chosen to achieve the preparation of the invention.

Predisposition to eancers can be ascertained by testing normal
tissues of humans for mutations of MCC gene. For example, a person
who has inherited a germline MCC mutation would be prone to
develop eancers. This can be determined by testing DNA from any
tissue of the person's body. Most simply, blood can be drawn and DNA
extracted from the cells of the blood. In addition, prenatal diagnosis
can be accomplished by testing fetal cells or amniotie fluid for muta-
tions of the MCC gene. Alteration of a wild-type MCC allele,
whether for example, by point mutation or by deletion, ean be
detected by any of the means discussed above.
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Molecules of ¢DNA according to the present invenﬁon are
intron-free, MCC gene coding molecules. They can be made by
reverse transcriptase using the MCC mRNA as a template. These
molecules can be propagated in vectors and cell lines as is known in
the art. Such molecules have the sequence shown in SEQ ID NO: 1.
The eDNA can also be made using the techniques of synthetic chemis-
try given the sequence disclosed herein.

A short region of homology has been identified between MCC
and the human m3 musearinic acetyleholine receptor (mAChR). This
homology was "largely confined to 13 residues in whiech the
carboxy-terminal 6 amino acids (KELAGL) were identical (See Figure
5 and SEQ ID NO: 11). Initially, it was not known whether this
homology was significant, because many other proteins had higher-
levels of global homology (though few had six contiguous amino acids
in common). During a search for mutations, however, a study on the
sequence elements controlling G protein aectivation by mAChR
subtypes was published (Lechleiter et al., EMBO J., p. 4381 (1990)). It
was shown that a 21 amino acid region from the m3 mAChR com-
pletely mediated G protein specificity when substituted for the 21
amino acids of m2 mAChR at the analogous protein position. These
921 residues overlapped the 19 amino acid homology between MCC and
m3 mAChR (Figure 5). A ten residue deletion (Figure 5, domain A),
which ineluded the two amino-terminal amino acids of the KELAGL
motif, completely altered the kinetics and magnitude of the G protein
mediated response. Moreover, a 9-residue subdomain (Figure 5,
domain B) which included the 4 carboxy-terminal amino acids of
KELAGL, was sufficient for specifying the activation of the m3 G
protein pathway when transferred to the m2 mAChR.

This eonnection between MCC and the G protein activating
region of mAChR is intriguing in light of previous investigations
relating G proteins to cancer. For example, the RAS oncogenes,
which are often mutated in colorectal cancers (Vogelstein, et al., N.
Engl. J. Med., vol. 319, pg. 525 (1988); Bos et al., Nature vol. 327, pg.
293 (1987)), are members of the G protein family (Bourne, et al.,
Nature, vol. 348, pg. 125 (1990)) as is an in vitro transformation sup-
pressor (Noda et al., Proc. Natl. Acad. Sci. USA, vol. 86, pg. 162
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(1989)) and genes mutated in hormone producing tumors (Candis et al.,
Nature, vol. 340, pg. 692 (1989); Lyons et al., Science, vol. 249, pg. 655
(1990)). Additionally, the gene responsible for neurofibromatosis (pre-
sumably a tumor suppressor gene) has been shown to activate the
GTPase activity of RAS (Xu et al., Cell, vol. 63, pg. 835 (1990); Martin
et al., Cell, vol. 63, pg. 843 (1990); Ballester et al., Cell, vol. 63, pg.
851 (1990)). Another interesting link between G proteins and colon
cancer involves the drug sulindac. This agent has been shown to
inhibit the growth of benign colon tumors in patients with FAP, pre-
sumably by virtue of its activity as a cyclooxygenase inhibitor
(Waddell et al., J. Surg. Oncology 24(1), 83 (1983); Wadell, et al., Am.
J. Surg., 157(1), 175 (1989); Charneau et al.,, Gastroenterologie
Clinique at Biologique 14(2), 153 (1990)). Cyclooxygenase is required
to convert arachidonic acid to prostaglandins and other biologically
active molecules. G proteins are known to regulate phospholipase A2
activity, which generates arachidonic acid from phosphplipids (Role
et al., Proc. Natl. Acad. Sci. USA, vol. 84, pg. 3623 (1987); Kurachi et
al., Nature, vol. 337, pg. 555 (1989)). Therefore we propose that
wild-type MCC protein functions by interacting with a G protein and
is involved in phospholipid metabolism.

The following are provided for exemplification purposes only
and are not intended to limit the scope of the invention which has
been deseribed in broad terms above.

Example 1:

This example demonstrates the detection of a somatic cell
gene rearrangement occurring in chromosome 5g21 in a colorectal
carcinoma.

We mapped allelic losses which oceur in over 30% of sporadic
cancers using restriction fragment length polymorphisms (RFLP)
markers. We found that the region of common loss seems to be cen-
tered at an RFLP detected by cosmid 5.71.

Portions of cosmid 5.71 were subeloned and used as probes to
sereen a panel of 150 colorectal earcinomas by Southern blot analysis.
We found one tumor (T14) which contained an 11 kb EcoRI fragment
in addition to the 20 kb EcoRI fragment seen in DNA from normal
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individuals. The 11 kb fragment was not present in DNA isolated from
normal cells from the same patient (Figure 1, Panel A).

The new EcoRI fragment was clonedy , and used to probe
Southern blots with DNA from tumor T14. The 11 kb clone hybridized
to the abnormal 11 kb EcoRI fragment and to the normal 20 kb EcoRI
fragment in the tumor as expected (Figure 1, Panel B). Moreover, the
11 kb clone detected new fragments in tumor T14 DNA upon digestion
with other restriction endonucleases (including Pstl [Figure 1, Panel
C]; Hind III and EcoRV).

Restrietion mapping and partial sequencing of the 11 kb clone
showed that its left end was derived from the 20 kb EcoRI fragment
which contained 5.71 sequences. The right end of the 11 kb fragment
was derived from sequences which were not contiguous with the left
end in normal genomic DNA. Use of a 400 bp probe from the right
end of the 11 kb fragment showed that the non-contiguous sequences
were also derived from chromosome 5, but from a position separated
by at least 100 kb from the left end of the 11 kb EcoRI fragment.
Thus a rearrangement had oceurred in the tumor which resulted in the
juxtaposition of sequences which were normally far apart.

Example 2:

This example documents our efforts to locate a gene affected
by the rearrangement found in colorectal tumor T14.

Based on the hypothesis that human genes that are expressed
are evolutionarily conserved among mammalian species, we looked for
genomic sequences in rat which shared homology with the 35.71
cosmid. Several subclones of the 5.71 cosmid were used in Southern
blot analysis of rodent DNA. Cross-species hybridization was per-
formed at 55 degrees as described in Vogelstein, et al., Cancer
Research, vol. 47, pg. 4806 (1987), and washed for 45 minutes at 55
degrees in 45 mM sodium chloride, 2 mM sodium citrate, 0.3 mM Tris,
HCI pH 7.5, 0.1% sodium dodecyl sulfate. We identified two subclones
(5.71-5 and 5.71-3) that cross-hybridized under reduced stringency.

1/ EcoRI fragments of T14 tumor DNA were ligated to lambda
DASH vector arms (Stratagene). Following packaging and infec-
tion of C600 E. coli cells, hybridizing clones were identified with

a probe derived from 5.71 sequences.
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However, attempts to use these conserved sequences to detect

" expressed human genes by Northern blotting and ¢cDNA library screen-
ing of over 3 x 10° colon or brain ¢cDNA clones were unsuceessful.
Example 3:

This example demonstrates the identification of an expressed
human gene near the cosmid 5.71 RFLP marker.

We sequenced parts of the human subelones demonstrating
cross-species hybridization, but found it impossible to predict exons
from this sequence information alone. We therefore cloned the
cross-hybridizing rat fragments and determined their sequence as
well. A rat genomic library in the lambda DASH vector (Stratagene)
was probed with 32P-labelled 5.71-3 and 5.71-5 sequences.
Cross-hybridizing restriction fragments of these phage clones were
subeloned into plasmid vectors and sequenced to derive the homolo-
gies shown in figure 2. Sequencing was performed with unmodified T7
polymerase as deseribed by G. Del Sal, G. Manfioletti and C.
Schneider, Biotechniques 7:514, 1989.

Through comparison of the sequences of the corresponding rat
and human regions, one putative exon from subclone 5.71-3 and one
from subelone 5.71-5 were identified (Figure 2). Each contained an
open reading frame (ORF) that was preceded and followed by splice
acceptor and donor sites that were conserved between species. The
predicted ORF's from the rat and human exons were 96% identical at
the amino acid level and 89% identical at the nucleotide level, with
most of the nucleotide differences occurring at the third position of
codons. The two putative exons are separated in genomic DNA by
over 2 kb.

Primers were derived from the two putative exons. PCR per--
formed with these primers, using cDNA as template, allows detection
of putative exons if they are joined by RNA splicing within cells.
Contaminating genomic DNA in the RNA preparation does not inter-
fere with this assay, since the intervening intron(s) results in much
longer PCR products from genomic DNA than that obtained from the
spliced RNA.

We did not initially know the orientation of the putative exons
with respect to one another and therefore designed two set of primers
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for the exon-connection scheme. One set (primers P1 and P4; Figure
9) would have resulted in a PCR product if the exon in 5.71-5 was
upstream of that in 5.71-3. The other set (primers P2 and P3; Figure
9) would have allowed detection of a PCR product if the exons were
in the reverse orientation.

PCR was performed as described in Baker et al.,, Cancer
Research, vol. 50, pg. 7717 (1990), using 35 cycles of: 95 degrees C
for 0.5 minutes, 55 degrees C for 2 minutes, and 70 degrees C for 2
minutes. We found that only the first set (primers P1 and P4) results
in a PCR product using ¢cDNA derived from mRNA of normal human
colon as template. The PCR product was exactly the size (226 bp)
expected if direct splicing of the two putative exons had occurred at
the splice sites identified in the human and rat genomic DNA
sequences. Cloning and sequencing of the PCR product confirmed
that it represented the result of a direct splice between the 5.71-5
and 5.71-3 exons. This spliced product produced an in-frame fusion of
the ORF's from each exon. We concluded that these sequences did
indeed represent an expressed gene, hereinafter referred to as the
MCC gene for mutated in colorectal cancer. Using the
exon-connection strategy, we found that MCC was expressed in most
normal tissues of the rat (e.g., colon, brain, stomach, lung, liver, kid-
ney, bladder, heart).

Example 4:
This example demonstrates the isolation and sequencing of the

human MCC eDNA from brain.

The PCR product amplified using human cDNA as a template
was then labelled and used as a probe to screen a eDNA library from
normal human brain. Brain was chosen because the exon-connection
assay suggested that MCC was expressed at high levels in this tissue.
The eDNA library was constructed from human brain mRNA as
deseribed in U. Gubler and B.J. Hoffman, Gene 25, 263 (1983) and the
Lambda Zap vector (Stratagene). 1.5 x 10° plaques were screened
with the PCR product connecting the 5.71-3 and 5.71-5 exons (see
Figure 2.)

Three clones were identified in the 1.5 X 10° plaques in the
initial sereen. The ends of these three clones were then used to
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re-screen the library, and a series of seven overlapping ¢cDNA clones
were finally isolated and ordered. Sequence analysis of these clones
indicated that they encompassed 4,180 bp of MCC mRNA and con-
tained an ORF of 2,511 bp (Figure 3). The first methionine of the
ORF (nucleotide 220) was preceded by in frame stop codons upstream
and conformed reasonably well to the consensus initiation site defined
by Kozak (Nucleic Acids Research, vol. 15, pg. 8125 (1987)). If trans-
lation initiation occurs at this methionine, the sequence predicts an
829 amino acid product (93kd) encoded from nucleotide 220 to 2707.
The ORF was surrounded by at least 200 bp of 5' untranslated
sequence and 1450 bp of 3' untranslated sequence. There was no evi-
dence of a polyadenylylation traet at the 3' end of any clone. cDNA
probes detected RNAs of several seizes (3-10 kb) on Northern blots;
we do not know whether these other transcripts represent alterna-
.tively spliced formé of the MCC gene or related genes from other
loci.

Searches of nucleotide databases (EMBL version 25, Genbank
version 66) indicated that this sequence has not been previously
reported. Searches of amino acid databases (P.LR. version 25,
SWISS-Protein version 16) with the predieted MCC protein (829 amino
acids) also failed to reveal any extensive homologies. However, we
noted a 19 amino acid region of homology between MCC and the
G-protein-coupled muscarinic acetylcholine receptor of humans and
pigs.

Example 5:

This example demonstrates that somatic mutations occur
within the MCC gene in colorectal carcinoma tissue.

When the sequences of MCC were compared with those of
genomic clones from tumor T14 it was found that the boundary of the
rearrangement in this tumor was within the MCC gene, occurring in
the intron just distal to the exon containing nucleotides 534 to 676.
As noted above, the novel 11 kb restriction fragment represented the
joining of sequences on chromosome 5 normally separated by more
than 100 kb. This 100 kb stretch contained several exons of the MCC
gene. Thus, the MCC gene was disrupted by a genetic alteration
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which removed several exons from the rearranged MCC gene in this
tumor.

To search for other more subtle genetice alterations of MCC, we
employed the polymerase chain reaction to amplify exons of the MCC
gene from colorectal cancers. These sequences were then analyzed
for mutations by an RNase protection assay whieh was modified to
allow rapid testing of multiple samples. In brief, the sequence of an
exon and surrounding intron was determined and used to design prim-
ers for the amplification of the exon and surrounding splice sites. The
exon was then amplified from tumor DNA using PCR.

The sequences of exon boundaries were derived following the
sereening of human genomic DNA libraries with MCC ¢DNA probes.
Positively hybridizing clones were isolated and small fragments
(0.2-3kb) subcloned and sequenced. Primers for amplifying the exons
were chosen outside of the splice sites and were as follows:
5-GAATTCATCAGCACTTCT-3' (SEQ ID NO:3) and
5-CAGCTCCAAGATGGAGGG-3' (SEQ ID NO:4) for the exon contain-
ing nucleotides 391 to 533, 5-GGCCCCATGTGCTTTGTT-3' (SEQ ID
NO:5) and 5-AGAGGGACTCTGGAGACA-J (SEQ ID NO:6) for the
exon containing nucleotides 1575 to 1678,
5-ATGTTGATTAATCCGTTGGC-3' (SEQ D NO:7) and
5-ACCCCAGAGCAGAAGGCT-3' (SEQ ID NO: 8) for the exon con- .
taining nueleotides 1679-1862, 5-GGCCTAACTGGAATGTGT-3' (SEQ
ID NO: 9) and 5-GCCCAGATAAACACCAGC-3 (SEQ ID NO:10) for
the exon containing nueleotides 2305 to 2405. PCR was carried out as
described above.

The resulting PCR products were hybridized to in vitro gener-
ated RNA probes representing normal MCC sequences. The hybrids
were digested with RNase 4, which can cleave at single base pair
mismatches within DNA-RNA hybrids, and these cleavage products
visualized following denaturing gel electrophoresis. Two separate
RNase protection analyses were performed for each exon, one with
the sense and one with the antisense strand as labeled transeript.
Under these conditions approximately 50% of all point mutations are
detectable. R.M. Myers and T. Maniatis, Cold Spring Harbor Symposia
on Quantitative Biology, 51, 275 (1986).
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The RNAse protection assay was performed as described by
Winter et al., Proc. Natl. Acad. Sci. USA, vol. 82, pg. 7575 (1985) with
the following modifications: Hybridizations were carried out in 9 ul
of hybridization solution containing 1 ul of the appropriate PCR reac-
tion and 32P labeled transeript (200,000 dpm) for 2 hours at 50 degrees
C. RNase treatment was initiated by addition of 90 ul of RNase solu-
tion (0.2 M NaCl, 0.1 M LiCl, 20 mM Tris-HC], pH 7.5, 1mM EDTA, 25
ug/ml RNase A) and incubated 1 hour at 37 degrees C. RNase treat-
ment was terminated by the addition of proteinase K solution (5
mg/ml proteinase K in 10% SDS) and incubated 1 hour at 37 degrees C.
The solution was then extracted one time with PC9 (3 parts phenol
and 4 parts chloroform equilibrated with 2 parts 0.5 M Tris-HCl, pH
9.0, 10 mM EDTA, 10 mM NaCl) and 20 ul of the aqueous phase was
collected and combined wtih 20 ul of loading buffer (0.3% W/V xylene
eyanol, 0.3% W/V bromophenol blue in formamide). The samples were
then heated at 94 degrees C for 4 minutes and loaded directly on a
denaturing polyacrylamide gel. Two sepérate assays were performed
for each exon, one with each strand as labeled transeript.

The first exon (containing nucleotides 391 to 533) of four tested
showed no variants among 100 colorectal tumors tested. Analysis of
the exon containing nucleotides 1575 to 1678 identified five tumors
with identical variations in their RNase protection pattern. Cloning
and sequencing of the variant PCR product from two of the five
tumors indicated that it resulted from a C to T transition at
nucleotide 1676 which resulted in a coding change from proline to
leucine. This variant presumably represents a polymorphism, as it
was found in five individuals and was present in DNA from the normal
tissue of two of the five patients whose tumors showed the variant
(the other three were not tested).

Analysis of a third exon (containing nucleotides 2305 to 2405)
identified a single tumor (T91) with a unique RNase protection pat-
tern. This abnormal RNase protection pattern was not seen in DNA
isolated from normal tissue from the same individual (Figure 4). This
indicates that the altered RNase protection pattern was the result of
a somatic mutation. Cloning and sequencing of the T91 tumor PCR
product indicated that it had a C to T transition at nucleotide 2312
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that resulted in a coding change from alanine to valine. Although this
is a relatively conservative amino acid substitution, the identical
amino aeid change has been shown to inactivate the p53 tumor sup-
pressor gene. S.J. Baker et al., Science, vol. 244, pg. 217 (1989); S.J.

Baker et al., Science, vol. 249, pg. 912 (1990).
Analysis of a fourth exon (containing nucleotides 1679 to 1862)

identified a single tumor (T35) with a unique RNase protection pat-
tern. Examination of DNA isolated from normal tissue of the same
individual indicated that this altered RNase protection pattern was
also the result of a somatie mutation (Figure 4). Cloning and sequenc-
ing of the T35 PCR product indicated that it had a G to A transition
at nucleotide 1736 resulting in a coding change from arginine to

glutamine.
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CCTCCTGCAG CARTGGCTCG TCCGTGAAAC GCGAGCCACG GCTGCTCTTT TTAAGAGIGC 60

CTGCATCCTC CGTTIGCGCT TCGCAACTGT CCTGGGTGRA AATGGCTGTC TAGACTARAR 120

TGTGGCAGAA GGGACCAAGC AGTGGATATT GAGCCTGTGA AGTCCAACTC TTAAGCTICCG 180

AGACCTGGGG GACTGAGAGC CCAGCTCTGA AAAGTGCATC ATGAATTCCG GAGTTGCCAT 240

GAAATATGGA AACGACTCCT CGGCCGAGCT GAGTGAGCTC CATTCAGCAG CCCTGGCATC 300

ACTAAAGGGA GATATAGTGG AACTTAATAA ACGTCTCCAG CABACAGAGA GGGRACGGGA 360
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CCTTCTGGAA AAGAAATTGG
TGAGGATGTC CAGGAGCGAA
CGTCATTGCG GAGCTCAACA
AGATGAGTAC TCAGAACTGC
CTCTCGAAGC ATGGACCAAG
GGTTACTGCT GACATGGACA
AGGGCTGGAG AATGTTGICT
GGTGGACAGG CACATTGAGC
GACAGTCGAG GAGATTGAGG
GAGGTCTCGG TGGGAGAAGG
CATGCTGTGC AGCAAAGAGG
GGAAGAGCGG GACCGGCTCC
GCAGGCCACA GGTCCCTCCA
CAGCACTGGG GAGCTGAGCA
TGAGAGGGTG AAGCTATCAA
GGGCTCAGAA ATCAGTAGCA
ACTTCAGGAC TGCICCAATA
CATCTCAGAA AGCAAGATTA
TGAGCACCTC AAATCCCARA
TGCTGAGAGG ATGAGCATGC

GGCCTTGCAG TACAGCGAGC

_25_

CCAAGGCACA GTGCGAGCAG

CGACGCTTCG CTATGAGGAA

AGAAGATAGA CCGTCTGCAA

GATCAGAACT CAGCCAGAGC

ACCAGACCTC TGTCTICTATC

ACTGCAGTGA CCTGAACTCA

GCGGCAGGAA GAAGAGCAGC

AGCTCACCAC AGCCAGCGAG

GGGTGCTTGG CCGGGACCTG

AGCTGGCTGG GCTGAGGGAA

ARGAACTGAA CCGGACTAAG

GGAGGCGGGT CAGAGAGCTT

GCCCTGGCCG CCTCACTTCC

CAAGCAGCAG CAGCAATGAC

AGACAAGGTC CGAATCGTCA

TAGGGGTATC CAGCAGTGIG

TCCAAGAGAT TTTCCAAACA

GAGAGTTTGA GGTGGAAACA

ATGACCTCCT GACCATAACC

TGGTGGGAAA ATACGAATCC

AGTGCATCGA AGCCTACGAA

PCT/US92/60377

TCCCACCTCA TGAGAGAGCA

CGCATCACAG AGCTCCACAG

GGCACCACCA TCAGGGAGGA

CAACACGAGG TCAACGAGGA

CCCGAAAACC AGTCTACCAT

GAACTGCAGA GGGTGCTGAC

TGCAGCCTCT CCGIGGCCGA

CACTGTGACC TGGCTATTAA

TATCCCAACC TGGCTGRAGA

GAGAATGAGA GCCIGACTGC

GCCACCATGA ATGCCATCCG

CAAACTCGAC TACAGAGCGT

ACCAACCGCC CGATTAACCC

ATTCCCATCG CCAAGATTGC

TCATCTGATC GGCCAGICCT

GCTGAACACC TGGCCCACTC

CTCTACTCAC ACGGATCTIGC

GAACGGCTGA ATAGCCGGAT

TTGGAGGAAT GTAAAAGCAA

AATGCCACAG CGCTGAGGCT

CTCCTCCTIGG CGCIGGCAGA
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GAGTGAGCAG AGCCTCATCC TGGGGCAGTT CCGAGCGGCG GGCGTGGGGT CCTCCCCTIGG 1680
AGACCAGTCG GGGGATGAAA ACATCACTCA GATGCTCAAG CGAGCTCATG ACTGCCGGAA 1740
GACAGCTGAG AACGCTGCCA AGGCCCTGCT CATGAAGCTG GACGGCAGCT GTGGGGGAGC 1800
CTTTGCCGTG GCCGGCTGCA GCGTGCAGCC CTGGGAGAGC CTTTCCTCCA ACAGCCACAC 1860
CAGCACAACC AGCTCCACAG CCAGTAGTIG CGACACCGAG TTCACTAAAG ARGACGAGCA 1920
GAGGCTGAAG GATTATATCC AGCAGCTCAA GAATGACAGG GCTGCGGTCA AGCTGACCAT 1980
GCTGGAGCTG GAAAGCATCC ACATCGATCC TCTCAGCTAT GACGTCAAGC CTCGGGGAGA 2040
CAGCCAGAGG CTGGATCTGG ARAACGCAGT GCTTATGCAG GAGCTCATGG CCATGRAGGA 2100
GGAGATGGCC GA.GTTGAAGG CCCAGCTCTA CCTACTGGAG AAAGAGAAGA AGGCCCTGGA 2160
GCTGAAGCTG AGCACGCGGG AGGCCCAGGA GCAGGCCTAC CTGGTGCACA TTGAGCACCT 2220
GAAGTCCGAG GTGGAGGAGC AGAAGGAGCA GCGGATGCGA TCCCTCAGCT CCACCAGCAG 2280
CGGCAGCAAA GATAAACCTG GCAAGGAGIG TGCTGATGCT GCCTCCCCAG CTCTGICCCT 2340
AGCTGAACTC AGGACAACGT GCAGCGAGAA TGAGCTGGCT GCGGAGTTCA CCAARCGCCAT 2400
TCGTCGAGAA ARGAAGTTGA AGGCCAGAGT TCAAGAGCTG GTGAGTGCCT TGGAGAGACT 2460
CACCAAGAGC AGTGAAATCC GACATCAGCA ATCTGCAGAG TTCGTGAATG ATCTAAAGCG 2520
GGCCBACAGC AACCTGGIGG CTGCCTATGA GAAAGCAAAG ARAAAGCATC AAAACAAACT 2580
GAAGAAGTTA GAGTCGCAGA TGATGGCCAT GGTGGAGAGA CATGAGACCC AAGTGAGGAT 2640
GCTCAAGCAA AGRATAGCTC TGCTAGAGGA GGAGAACTCC AGGCCACACA CCARTGAAAC 2700
TTCGCTTTAA TCAGCACTCA CGCACCGGAG TTCTGCCCAT GGGAAGTAAA CTGCAGCAGG 2760
CCACTGGGGA CAGAAGGGCC CATGTACTIG PTGGGAGGAG GAGGAAAGGG AAGGCTGGCA 2820

GGTAGGTCGG CACTTGGACA ATGGAGTGCC CCAACTCAAC CCTTGGGGTG ACTGGCCATG 2880
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GTGACATTGf GGACTGTATC
GTAAACACAT GTTCTGTGCC
CCCCCTCCTC TTCTGGICTG
AAGATTTTCC ATTGTATCCT
TCTCCTCTTT CCTCCTGCIT
GGACTGCTGA TTTGTTTACT
AAGATAGAGG CGGCCATAAG
ACAGGTGTTA CTTACAGTICC
TGCCTGAACA ATTTTGTATT
GGGCTGGGAA GGGAGCGCTIC
AATATCCAAG ACTTAGAGCT
CAGGGGTTTC TTCAAGAGCT
AATTGCTGTT CTGCTGARATIC
TCTCTACCTA AGGACARAGAC
TACTTAAGAG TGCIGIGTAA
CAGAGTGAGG GAATGGTAGT
GCATATGGTG CTTAAAAGGT
ARGTAACTGA ATTATTTICAG
AGTTTTACCT CTTCTCICIC
TTTCTGTAGC ACCRGAGAAT

AGCTGACTAC AAATTAAAGT

_27_

CAGAGGTGCC CGCTCTTICCC

TGCTCAGCAG AGCCICGTTT

GCGGCTIGTGC

CTTTTTGGTA

CATGGGAARA

ACAGCAAGGC

AGGTGATCTC

CAGATACACT

GAGAGAATAA

TCTTGATTCT

GGGAATCTTT

GAGARACATT

AAATCTICTIC

ACTGAGGAGA

CCCCCAGTTC

TAAGGCTICT

TAAATTTCAA

ATCAGTGGGA

GATGCTGGGC

CAGACCIGIG

TTTGGTTTCC

TGGGAGTTAT

AARGTTACAA

AAACTTCCTT

GGGATTTCIC

TTGATACCTG

ATTAGCACTT

CACATGGGIG

TACTGAACAT

AAGACTTAGC

TTTTTGCCCC

GCAAAATGCT

GAAGGTCTTC AATCTTAAAA

AGTTCTACAC TGATACACTT

CCATCCAAAG TTCCCTATGA

TGAGGAGGTT TCTGCATAGA
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TCCTGGGCCC ACAACAGCGT

CTGCTITTCAG CACICACTICT

TCCCAGACAT TTGTTTCIGT

TCATCTTCTA GAATCTCGTIT

TGTGCCTCCA GCATTTARAA

AAGTCCCGGG TCTCAACTTT

AGGTCATGGG AAGAGCGTAG

ACAGACCACC ACCAGGACIG

CAATCTTCAT TTTGGAGGCA

CCTCTCAGTG GAGCCTTATT

TAGTGGAACT AAAATTCTIGT

CCCGCCCCAG GGCACTACAT

CATTTGTAGC TCIGGACCIG

TTTGCARAAC TTATCACGCC

TCCTGTIGTC ATGACGGGGA

CAGATACATG GTGATGGTTA

TACAGGGCTA GGCAGTACCA

CAAATTCATT ATTCTTITTC

GAAGGACCAT TTACTGTTTT

AAAATGTGTT CCATTGCCAT

GTCTTTATGT CCATAAGCTA
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CGGGTAGGTC TATTTTCAGA GCATGATACA BATTCCACAG G 4181

(2) INFORMATION FOR SEQ ID NQ:2:

(i) SEQUENCE CHARACTERISTICS:
(n) LENGTH: 829 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
(iii) HYPOTHETICAL: YES
(iv) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Homo sapiens
(zi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Met Asn Ser Gly Val Ala Met Lys Tyr Gly Asn Asp Ser Ser Ala Glu
1 5 10 15

Leu Ser Glu Leu His Ser Ala Ala Leu Ala Ser Leu Lys Gly Asp Ile
20 25 30

val Glu Leu Asn Lys Arg Leu Gln Gln Thr Glu Arg Glu Arg Asp Leu
35 40 45

Leu Glu Lys Lys Leu Ala Lys Ala Gln Cys Glu Gln Ser His Leu Met
50 55 60

Arg Glu His Glu Asp Val Gln Glu Arg Thr Thr Leu Arg Tyr Glu Glu
65 70 75 80

Arg Ile Thr Glu Leu His Ser val Ile Ala Glu Leu Asn Lys Lys Ile
85 90 95
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Asp Arg Leu Gln Gly Thr Thr Ile Arg Glu Glu Asp Glu Tyr Ser Glu
100 105 110

Leu Arg Ser Glu Leu Ser Gln Ser Gln His Glu Val Asn Glu Asp Ser
115 120 125

Arg Ser Met Asp Gln Asp Gln Thr Ser Val Ser Ile Pro Glu Asn Gln
130 135 140

Ser Thr Met Val Thr Ala Asp Met Asp Asn Cys Ser Asp Leu Asn Ser
145 150 155 160

Glu Leu Gln Arg Val Leu Thr Gly Leu Glu Asn Val Val Cys Gly Arg
165 170 175

Lys Lys Ser Ser Cys Ser Leu Ser Val Ala Glu Val Asp Arg His Ile
180 185 190

Glu Gln Leu Thr Thr Ala Ser Glu His Cys Asp Leu Ala Ile Lys Thr
195 200 205

val Glu Glu Ile Glu Gly Val Leu Gly Arg Asp Leu Tyr Pro Asn Leu
210 215 . 220

Ala Glu Glu Arg Ser Arg Trp Glu Lys Glu Leu Ala Gly Leu Arg Glu
225 230 235 240

Glu Asn Glu Ser Leu Thr Ala Met Leu Cys Ser Lys Glu Glu Glu Leu
245 250 255

Asn Arg Thr Lys Ala Thr Met Asn Ala Ile Arg Glu Glu Arg Asp Arg
260 265 270

Leu Arg Arg Arg Val Arg Glu Leu Gln Thr Arg Leu Gln Ser Val Gln
275 280 285

Ala Thr Gly Pro Ser Ser Pro Gly Arg Leu Thr Ser Thr Asn Arg Pro
290 295 300
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Ile Asn Pro Ser Thr Gly Glu Leu Ser Thr Ser Ser Ser Ser Asn Asp
305 310 315 320

Ile Pro Ile Ala Lys Ile Rla Glu Arg Val Lys Leu Ser Lys Thr Arg
325 330 335

Ser Glu Ser Ser Ser Ser Asp Arg Pro Val Leu Gly Ser Glu Ile Ser
340 345 350

Ser Ile Gly Val Ser Ser Ser val Ala Glu His Leu Ala His Ser Leu
355 360 365

Gln Asp Cys Ser Asn Ile Gln Glu Ile Phe Gln Thr Leu Tyr Ser His
370 375 380

Gly Ser Ala Ile Ser Glu Ser Lys Ile Arg Glu Phe Glu Val Glu Thr
385 390 395 400

Glu Arg Leu Asn Ser Arg Ile Glu His Leu Lys Ser Gln Asn Asp Leu
405 410 415

Leu Thr Ile Thr Leu Glu Glu Cys Lys Ser Asn Ala Glu Arg Met Ser
420 425 430

Met Leu Val Gly Lys Tyr Glu Ser Asn Ala Thr Ala Leu Arg Leu Ala
435 440 445

Leu Gln Tyr Ser Glu Gln Cys Ile Glu Ala Tyr Glu Leu Leu Leu Ala
450 455 460

Leu Ala Glu Ser Glu Gln Ser Leu Ile Leu Gly Gln Phe Arg Ala Ala
465 470 475 480

Gly Val Gly Ser Ser Pro Gly Asp Gln Ser Gly Asp Glu Asn Ile Thr
485 490 : 495

Gln Met Leu Lys Arg Ala His Asp Cys Arg Lys Thr Ala Glu Asn Ala
500 . 505 510
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Ala Lys Ala Leu Leu Met Lys Leu Asp Gly Ser Cys Gly Gly Ala Phe
515 520 525

Ala val Ala Gly Cys Ser Val Gln Pro Trp Glu Ser Leu Ser Ser Asn
530 535 540

Ser His Thr Ser Thr Thr Ser Ser Thr Ala Ser Ser Cys Asp Thr Glu
545 550 555 560

Phe Thr Lys Glu Asp Glu Gln Arg Leu Lys Asp Tyr Ile Gln Gln Leu
565 570 575

Lys Asn Asp Arg Ala Ala Val Lys Leu Thr Met Leu Glu Leu Glu Ser
580 585 , 590

Ile His Ile Asp Pro Leu Ser Tyr Asp Val Lys Pro Arg Gly Asp Ser
595 600 605

Gln Arg Leu Asp Leu Glu Asn Ala Val Leu Met Gln Glu Leu Met Ala
610 615 620

Met Lys Glu Glu Met Ala Glu Leu Lys Ala Gln Leu Tyr Leu Leu Glu
625 630 635 640

Lys Glu Lys Lys Ala Leu Glu Leu Lys Leu Ser Thr Arg Glu Ala Gln
645 650 655

Glu Gln Ala Tyr Leu Val His Ile Glu His Leu Lys Ser Glu val Glu
660 665 670

Glu Gln Lys Glu Gln Arg Met Arg Ser Leu Ser Ser Thr Ser Ser Gly
675 7 680 685

Ser Lys Asp Lys Pro Gly Lys Glu Cys Ala Asp Ala Ala Ser Pro Ala
690 695 700

Leu Ser Leu Ala Glu Leu Arg Thr Thr Cys Ser Glu Asn Glu Leu Ala
705 710 715 720
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Ala Glu Phe Thr Asn Ala Ile Arg Arg Glu Lys Lys Leu Lys Ala Arg
725 730 735

val Gln Glu Leu Val Ser Ala Leu Glu Arg Leu Thr Lys Ser Ser Glu
740 745 750

Ile Arg His Gln Gln Ser Ala Glu Phe Val Asn Asp Leu Lys Arg Ala
755 760 765

Asn Ser Asn Leu Val Ala Ala Tyr Glu Lys Ala Lys Lys Lys His Gln
770 775 780

Asn Lys Leu Lys Lys Leu Glu Ser Gln Met Met Ala Met Val Glu Arg
785 790 795 800

His Glu Thr Gln Val Arg Met Leu Lys Gln Arg Ile Ala Leu Leu Glu
805 810 815

Glu Glu Asn Ser Arg Pro His Thr Asn Glu Thr Ser Leu
820 825

(2) INFORMATION FOR SEQ ID NO:3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Homo sapiens

(viii) POSITION IN GENOME:
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(A) CHROMOSOME/SEGMENT: 5q21

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
GRATTCATCA GCACTTCT 18
(2) INFORMATION FOR SEQ ID NO:4:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Homo sapiens

(viii) POSITION IN GENOME:
(A) CHROMOSOME/SEGMENT: 5g21
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
CAGCTCCRAG ATGGAGGG 18
(2) INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
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(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Homo sapiens

(viii) POSITION IN GENOME :

(A) CHROMOSOME/SEGMENT: 521

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
GGCCCCATGT GCTTTGIT 18
(2) INFORMATION FOR SEQ ID NO:6:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
(3) ORGANISM: Homo sapiens

(viii) POSITION IN GENOME:
(A) CHROMOSOME/SEGMENT: 5q21
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
BGAGGGACTC TGGAGACA 18
(2) INFORMATION FOR SEQ ID NO:7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Homo sapiens

(viii) POSITION IN GENOME:
(A) CHROMOSOME/SEGMENT: 5g21
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
ATGTTGATTA ATCCGTTGGC 20
(2) INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(iii) HYPOTHETICAL: NO
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(iv) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Homo sapiens

(viii) POSITION IN GENOME:

(A) CHROMOSOME/SEGMENT: 5g21

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
ACCCCAGAGC AGAAGGCT 18
(2) INFORMATION FOR SEQ ID NO:9:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Homo sapiens

(viii) POSITION IN GENOME:

(A) CHROMOSOME/SEGMENT: 5q21

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
GGCCTAACTG GAATGIGT 18

(2) INFORMATION FOR SEQ ID NO:10:
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(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Homo sapiens

(viii) POSITION IN GENOME:
(A) CHROMOSOME/SEGMENT: 5421
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
GCCCAGATAA ACACCAGC 18
(2) INFORMATION FOR SEQ ID NO:ll:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 24 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(v) FRAGMENT TYPE: internal

(vi) ORIGINAL SOURCE:
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(A) ORGANISM: Homo sapiens

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1l:

PCT/US92/00377

Leu Tyr Trp Arg Ile Tyr Lys Glu Thr Glu Lys Arg Thr Lys Glu Leu

1 5 10

Ala Gly Leu Gln Ala Ser Gly Thr
20

(2) INFORMATION FOR SEQ ID NO:12:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 206 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Homo sapiens

" (ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 32..172

(ix) FEATURE:
(A) NAME/KEY: exon
(B) LOCATION: 32..174
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:

CAGCACTTCT GTCCTTTTCC CTTATTCCCA G TGC GAG CAG TCC CAC CTC ATG 52
Cys Glu Gln Ser His Leu Met
1 5
AGA GAG CAT GAG GAT GTC CAG GAG CGA ACG ACG CTT CGC TAT GAG GAA 100
Arg Glu His Glu Asp Val Gln Glu Arg Thr Thr Leu Arg Tyr Glu Glu
10 15 20
CGC ATC ACA GAG CTC CAC AGC GTC ATT GCG GAG CTC AAC AAG AAG ATA 148
Arg Ile Thr Glu Leu His Ser val Ile Ala Glu Leu Asn Lys Lys Ile
25 30 35
GAC CGT CTG CAA GGC ACC ACC ATC AGGTACGCGG CTCCATTCGG CTTTTACTCT 202
Asp Arg Leu Gln Gly Thr Thr Ile
40 45
GCCC 206

(2) INFORMATION FOR SEQ ID NO:13:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 47 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:

Cys Glu Gln Ser His Leu Met Arg Glu His Glu Asp Val Glin Glu Arg
1 5 10 15

Thr Thr Leu Arg Tyr Glu Glu Arg Ile Thr Glu Leu His Ser val Ile
20 25 30
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Ala Glu Leu Asn Lys Lys Ile Asp Arg Leu Gln Gly Thr Thr Ile
35 40 45

(2) INFORMATION FOR SEQ ID NO:14:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 206 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Rattus rattus

(ix) FEATURE:
(A) NAME/KEY: exon
(B) LOCATION: 32..174

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 32..172

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:

TCCGTCTTCT CCTCTTTGTT CTIGGCCCTA G TGT GAG CAG TCA CAC CTIC ATG 52
Cys Glu Gln Ser His Leu Met
1 5
AGA GAG CAT GAA GAT GTT CAG GAA CGC ACG ACA CTC CGC TAT GAG GAG 100
Arg Glu His Glu Asp Val Gln Glu Arg Thr Thr Leu Arg Tyr Glu Glu
10 5 . 20
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CGC ATC ACA GAG CTC CAC AGC ATC ATT GCA GAA CTC AAC AAG AAG ATA 148
Arg Ile Thr Glu Leu His Ser Ile Ile Ala Glu Leu Asn Lys Lys Ile
25 30 35
GAC CGC TTG CAA GGT ACC ACC ATC AGGTATGGCT GCTATTTAAC CTGTIGCIGGT 202
Asp Arg Leu Gln Gly Thr Thr Ile
40 45
CCTT 206

(2) INFORMATION FOR SEQ ID NO:15:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 47 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:

Cys Glu Gln Ser His Leu Met Arg Glu His Glu Asp Val Gln Glu Arg
1 5 10 15

Thr Thr Leu Arg Tyr Glu Glu Arg Ile Thr Glu Leu His Ser Ile Ile
20 25 30

Ala Glu Leu Asn Lys Lys Ile Asp Arg Leu Gln Gly Thr Thr Ile
35 40 45

(2) INFORMATION FOR SEQ ID NO:16:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 208 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear -
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(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(vi) ORIGINAL SOQURCE:
(A) ORGANISM: Homo sapiens

(viii) POSITION IN GENOME:
(A) CHROMOSOME/SEGMENT: 5q21

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 35..175

(ix) FEATURE:
(A) NAME/KEY: exon
(B) LOCATION: 34..176

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:

TGTTAGTGGT TGCCAATTCT CCTTTTTICT CAGG GAG GAA GAT GAG TAC TCA 52
Glu Glu Asp Glu Tyr Ser
1 5
GAA CTG CGA TCA GAA CIC AGC CAG AGC CAA CAC GAG GTC AAC GAG GAC 100
Glu Leu Arg Ser Glu Leu Ser Gln Ser Gln His Glu Val Asn Glu Asp
10 15 20
TCT CGA AGC ATG GAC CAA GAC CAG ACC TCT GTC TCT ATC CCC GAA AAC 148
Ser Arg Ser Met Asp Gln Asp Gln Thr Ser Val Ser Ile Pro Glu Asn
25 30 35
CAG TCT ACC ATG GTT ACT GCT GAC AIG GGTGAGTCTG CCTGCCCTTG 195

Gln Ser Thr Met Val Thr Ala Asp Met
40 45
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CCACCAAGCC AGA 208

(2) INFORMATION FOR SEQ ID NO:17:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 47 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:

Glu Glu Asp Glu Tyr Ser Glu Leu Arg Ser Glu Leu Ser Gln Ser Gln
1 : 5 10 15

His Glu Val Asn Glu Asp Ser Arg Ser Met Asp Gln Asp Gln Thr Ser
20 25 30

Val Ser Ile Pro Glu Asn Gln Ser Thr Met Val Thr Ala Asp Met
35 40 45

(2) INFORMATION FOR SEQ ID NO:18:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 208 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Rattus rattus
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(ix) FEATURE:
(A) NAME/KEY: exon
(B) LOCATION: 34..176

(ix) FEATURE:
(A) NAME/REY: CDS
(B) LOCATION: 35..175

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:

CACTCAATGG TGAGTGGCTC TCTITTTTTIG CAGG GAG GAA GAT GAG TAC TCA 52
Glu Glu Asp Glu Tyr Ser
1 , 5
GAA CTT CGG TCA GAG CTC AGC CAG AGT CAA CRAA GAG GTC AAT GAA GAC 100
Glu Leu Arg Ser Glu Leu Ser Gln Ser Gln Gln Glu Val Asn Glu Asp
10 15 20
TCC AGA AGT GTG GAC CAA GAC CAG ACC TCT GTG TCC ATC CCT GAG AAC 148
Ser Arg Ser Val Asp Gln Asp Gln Thr Ser Val Ser Ile Pro Glu Asn
25 30 35
CAG TCT ACT ATG GTC ACT GCT GAC ATG GGTGAGTCTT CCCAGGCCIC 195

Gln Ser Thr Met Val Thr Ala Asp Met
40 45

CTGCTTAGTT TCT 208

(2) INFORMATION FOR SEQ ID NO:19:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 47 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19:

Glu Glu Asp Glu Tyr Ser Glu Leu Arg Ser Glu Leu Ser Gln Ser Gln
1 5 10 15

Gln Glu Val Asn Glu Asp Ser Arg Ser Val Asp Gln Asp Gln Thr Ser
20 25 30

vVal Ser Ile Pro Glu Asn Gln Ser Thr Met Val Thr Ala Asp Met
35 40 45
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CLAIMS

1. A method of diagnosing or prognosing a neoplastie tissue

of a human, comprising: '

detecting alteration of wild-type MCC gene coding
sequences or their expression products in a tumor tissue isolated from
a human, said alteration indicating neoplasia of the tissue.

2. The method of claim 1 wherein the expression products
are mRNA molecules.

3. The method of claim 2 wherein the alteration of
wild-type MCC mRNA is detected by hybridization of mRNA from
said tissue to an MCC gene probe.

4. The method of claim 1 wherein alteration of wild-type
MCC gene coding sequences is detected by hybridization of an MCC
gene coding sequence probe to genomic DNA isolated from said tissue.

5. The method of claim 4 further comprising:

subjecting genomic DNA isolated from a non-neoplastic
tissue of the human to Southern hybridization with the MCC gene
coding sequence probe; and

comparing the hybridizations of the MCC gene probe to
said tumor and non-neoplastic tissues.

6. The method of claim 4 wherein the MCC gene probe
detects a restriction fragment length polymorphism.

7. The method of claim 1 wherein the alteration of
wild-type MCC gene coding sequences is detected by determining the
sequence of all or part of an MCC gene in said tissue using a
polymerase chain reaction, deviations in the MCC sequence deter-
mined from that of the sequence shown in SEQ ID NO: 1 indicating
neoplasia.

8. The method of claim 1 wherein the alteration of wild-
type MCC gene coding sequences is detected by identifying a mis-
match between molecules (1) an MCC gene or MCC mRNA isolated
from said tissue and (2) a nucleic acid probe complementary to the
human wild-type MCC gene coding sequence, when molecules (1) and
(2) are hybridized to each other to form a duplex.
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9. The method of claim 4 wherein the MCC gene probe
hybridizes to an exon selected from the group consisting of: (1)
nucleotides 2305 to 2405; and (2) nucleotides 1679-1862.

10. The method of elaim 1 wherein the alteration of wild—
type MCC gene coding sequences is detected by amplification of MCC
gene sequences in said tissue and hybridization of the amplified MCC
sequences to nucleic acid probes which comprise MCC sequences.

11. The method of eclaim 1 wherein the alteration of
wild-type MCC gene coding sequences is detected by molecular clon-
ing of the MCC genes in said tissue and sequencing all or part of the
cloned MCC gene.

12. The method of claim 1 wherein the detection of alter-
ation of wild-type MCC gene coding sequences comprises sereening
for a deletion mutation.

13. The method of claim 1 wherein the detection of alter-
ation of wild-type MCC gene coding sequences comprises screening
for a point mutation.

14. The method of claim 1 wherein the detection of alter-
ation of wild-type MCC gene coding sequences comprises screening
for an insertion mutation.

15. The method of elaim 1 wherein the tissue isolated from
a human is from colonic mucosa. '

16. The method of claim 1 wherein the expression products
are protein molecules.

17. The method of claim 16 wherein the alteration of
wild-type MCC protein is detected by immunoblotting.

18. The method of claim 16 wherein the alteration of
wild-type MCC protein is detected by immunocytochemistry.

19. The method of claim 16 wherein the alteration of
wild-type MCC protein is detected by assaying for binding interac-
tions between said MCC protein and a second cellular protein.

20. The method of claim 19 wherein the second cellular
protein is a G protein.

91. The method of claim 16 wherein the alteration of
wild-type MCC protein is detected by assaying for phospholipid
metabolites.
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29. A method of supplying wild-type MCC gene function to a
cell which has lost said gene function by virtue of a mutation in an
MCC gene, comprising:

introducing a wild-type MCC gene into a cell which has
lost said gene funetion such that said wild-type MCC gene is
expressed in the cell.

23. The method of claim 22 wherein the wild-type MCC
gene introduced recombines with the endogenous mutant MCC gene
present in the cell by a double recombination event to correct the
MCC gene mutation.

94. A method of supplying wild-type MCC gene function to a
cell which has altered MCC said gene funetion by virtue of a mutation
in an MCC gene, comprising:

introdueing a portion of a wild-type MCC gene into a
cell which has lost said gene function such that said portion is
expressed in the cell, said portion encoding a part of the MCC protein
which is required for non-neoplastic growth of said cell.

95. A method of supplying wild-type MCC gene function to a
cell which has altered MCC gene funetion by virtue of a mutation in

an MCC gene, comprising:
introducing into the cell a molecule which mimics the

funetion of wild-type MCC. ,
26. A pair of single stranded DNA primers for determination
of a nucleotide sequence of an MCC gene by polymerase chain reac-
tion, the sequence of said primers being derived from chromosome 5q
band 21, wherein the use of said primers in a polymerase chain reac-
tion results in synthesis of DNA having a sequence as shown in SEQ ID

NO: 1.
97.  The primers of claim 26 which have restriction enzyme

sites at each 5' end.
98.  The pair of primers of claim 26 having sequences corre-

sponding to MCC introns.
99. A nucleic acid probe complementary to human wild-type

MCC gene coding sequences.
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30. A nucleic acid probe whiech hybridizes to an exon
selected from the group consisting of: nucleotides (1) 2305-2405; and
(2) nueleotides 1679 to 1862 as shown in SEQ ID NO: 1.

31. A kit for detecting alteration of wild-type MCC genes
comprising a battery of nucleic acid probes which in the aggregate
hybridize to all nucleotides of the MCC gene coding sequences.

32. A method of detecting the presence of a neoplastic tis-
sue in a human, comprising:

detecting in a body sample isolated from a human alter-
ation of a wild-type MCC gene coding sequence or wild-type MCC
expression produect, said alteration indicating the presence of a
neoplastic tissue in the human.

33. The method of claim 32 wherein said body sample is
selected from the group consisting of serum, stool, urine and sputum.

34. A method of detecting genetic predisposition to cancer
in a human comprising:

detecting alteration of wild-type MCC gene coding
sequences or their expression products in a human sample selected
from the group consisting of blood and fetal tissue, said alteration
indicating predisposition to cancer.

35. The method of claim 34 wherein the expression products
are mRNA molecules. K

36. The method of claim 35 wherein the alteration of
wild-type MCC mRNA is detected by hybridization of mRNA from
said tissue to an MCC gene probe.

37. The method of claim 34 wherein alteration of wild-type
MCC gene coding sequences is detected by hybridization of an MCC
gene coding sequence probe to genomic DNA isolated from said tissue.

38. The method of claim 37 wherein the MCC gene coding
sequence probe detects a restriction fragment length polymorphism.

39. The method of claim 34 wherein the alteration of
wild-type MCC gene coding sequences is detected by determining the
sequence of all or part of an MCC gene in said tissue using a
polymerase chain reaction, deviations in the MCC sequence deter-
mined from the sequence of SEQ ID NO: 1 indicating predisposition to
cancer.
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40. The method of claim 34 wherein the alteration of wild-
type MCC gene coding sequences is detected by identifying a mis-
match between molecules (1) an MCC gene or MCC mRNA isolated
from said tissue and (2) a nucleic acid probe complementary to the
human wild-type MCC gene coding sequence, when molecules (1) and
(2) are hybridized to each other to form a duplex.

41. The method of claim 37 wherein the MCC gene probe
hybridizes to an exon selected from the group consisting of:
(1) nucleotides 2305 to 2405; and (2) nucleotides 1679 to 1862.

49. The method of claim 34 wherein the alteration of wild-
type MCC gene coding sequences is detected by amplification of MCC
gene sequences in said tissue and hybridization of the amplified MCC
sequences to nucleic acid probes which comprise MCC gene coding

sequences.
43. The method of claim 34 wherein the alteration of

wild-type MCC gene coding sequences is detected by molecular clon-
ing of the MCC genes in said tissue and sequencing all or part of the

cloned MCC gene.
44. The method of claim 34 wherein the detection of alter-

ation of wild-type MCC gene coding sequences comprises screening

for a deletion mutation.
45. The method of claim 34 wherein the detection of alter-

ation of wild-type MCC gene coding sequences comprises sereening

for a point mutation.
46. The method of claim 34 wherein the detection of alter-

ation of wild-type MCC gene coding sequences comprises sereening

for an insertion mutation.
47. The method of claim 34 wherein the expression products

are protein molecules.
48. The method of claim 47 wherein the alteration of

wild-type MCC protein is detected by immunoblotting.
49. The method of claim 47 wherein the alteration of

wild-type MCC protein is detected by immunocytochemistry.
50. The method of claim 47 wherein the alteration of

wild-type MCC protein is detected by assaying for binding interac-
tions between said MCC protein and a second cellular protein.
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51. The method of claim 50 wherein the second cellular
protein is a G protein.
52. A cDNA molecule comprising the coding sequence of the

MCC gene.
53. A preparation of the human MCC protein substantially

free of other human proteins, the amino acid sequence of said protein

corresponding to that shown in SEQ ID NO: 2.
54. A preparation of antibodies immunoreactive with a
human MCC protein and not substantially immunoreactive with other

human proteins.

SUBSTITUTE sHEET



PCT/US92/00377

WO 92/16656

1A

480>

Se

g |

Vo>
CE
ver

aMee»

Il 914

-
e @

v € ¢ |

gl Old

v € 2 |

VI Old

SUBSTITUTE SHEET



PCT/US92/00377

WO 92/16656

o2/ 1!

na] 6dy dSy a1 SA7 sA7 uSy nd7 nig ely alI

12

910 19J JV9 VLV 9VV 9VV IJVVY JL) 9v9 9239 LIV

¢d

4yl 6dy ni9 uin [BA dSy nlg Sty ni9 biy 1o

J v 1 v

9JV VIJ 9vO 9vI J19 1V9 9V9 1¥I 9v9 YOIV 9LV

T

>

v

v

, 3l 4Ul 4yl A19 ul9
11 2 66326 6 oee 1e3126326 1 1
232631312013119662332323266262836 9y J1v J9v IV J99 Wy

oLl . .. " " “ “ o a " . " . "

LBA 43S SLH Nnd7 ni9 4yy LI bdy n|9 ni9 uk] Bay naj ay)
v 9 J Vv

J19 29V J¥D J1D 9v9 VIV JLV 29D Vv¥9 9v9 1vl 29I 11D 9V

a7 sty 435 ul9 nig sk)
v 1 1 266 116 102 16201
J13 I¥I JI21 9VYI 9v9 J91 68I2233e332031313221632330e2680D

Ld

ve 914

1ey
uewny
1Y
uewny

iey
uewnNy
10y
uewny

1y
uewny
10y
uRWNY

SUBSTITUTE SHEET



PCT/US92/00377

WO 92/16656

3/

19 dSy ely 40l (BA 35M
39133 313 61 5 3 Bbed 1 3

e6e22602300336132226122639160616 9 o)y V9 129 1DV 119 91V

LBA uiy

UL 435 ul9 uSy nig oid a{1 43S (BA 4dS 4yl uly déy ul9 dSy JoW 43§ Biy 43§ déy nig udy oA niy mPI
1 9 1 J 9 : 91 vV Y 1
JIV 121 9¥J IVV WV 22D JILV 1IL J19 1I1 I)Y 9VJ JV9 VvV Jv9 Oh< J9Y V9D 131 JV9 9v9 JvV IL9H 9v9 u<u

{—
vd

ulg me ul9 43S Nnd7 nig 43§ Buy :mJ n19 435 4k ni9 dsy nig nig
9] ) b3 3231206636 6 ePD DED
Yvd uw< I¥I J9V J1J VV9 VIl Vv9) Ohu <<w VOl Jvl 9¥9 1v9 vv9 9v9 9 6233333331320121300226331661603163

ed

8¢ 914

ey
UBWNYH
1ey
uewny

ey
uewny
ey
uewny

ey

URWNH

ey
uewNy

SUBSTITUTE SHEET



PCT/US92/00377

WO 92/16656

4/1\

119
LBA

91y
13y

v9)
Bay

JvI

dsy

Yv9
a9

1)
na’

99J
Bay

ovY
sA

V9
dsy

OV
J9V
lvv
111

olv
19K

9V
NELN

91)
na7

V1V
911

ov9
nLo

VI
SIH

vv9
neo

V1)
na‘

vy
usy

3D
911
vv9
113

20V
ayy

v9J
bay

vvd
nLo

vV
sA]

vl
441

JJ1
NE

99V
Buay

VoL
NELS

¥99
£19

9v9
V1V
199
1239

121
43§

131
43§

Vil
EN

ovv
sAq

29)
Bay

VI
ut9

9v9
neo

V39
ely

1vi
441

Vol
291

91J
129

VI
utd

V9
dsy

vl
Y]

vy
usy

11J
naj

V9
nLo

YV
4yl

910
nay

vy
sAq

VI
ov)
L9
9)V

vy
usy

IvI
nio

VI

no

1D
naj

92V
ayy

291
sK)

YY)
uLg

229
ely

91y
19H

999
ovv
10V
329

vv9
ngo

vy
usy

1Y)
dsy

ov9
niy

v
4yl

9vI
uo

9v)
uLy

V39
ely

39
BLY

912
20V
vJ9
v9)

320
044

19
LeA

vV
neo

929
ely

v9d
buy

vJ9
eLY

1)
naj

Vil
NELN

119
LeA

V9
999
11
9V

ALV
9Ll

9v9
no

ov9
neo

11V
oLl

ov9
no

gvv
sA]

19)
bay

1vJ
StH

V99
A19

vId
vv9
93
Yv9

131
LN

V)
SLH

9oV
bay

19
LeA

V)
uto

39
ely

vvv
s

1D
naj

NL
43§

LI
V39
911
19)

219
LBA

Yv)
ugo

JLY
I9ll

IV
NELN

19
LeA

911
naj

1wy
usy

V9
no

Lvv
usy

vy
919
193
319

101
NELS

29V
NEIS

IV
441

VI
SLH

1v9
dsy

vy
sA]

119
naj

19v
NEIN

9Ly
19K

112
lvy
1D
1)

ve 9ld

NV
4yt

V)
uto

Vv
441

12
naj

I9v9
no

vy
sA]

vv9
neo

91)
naj

Ly

1Jv
vl
1V
991

IVI
ug9

J9v
NEIS

J99
£19

Vo
neo

1v)
SLH

vv9
ny

919
LBA

9v9
neo

J91

v3)
VI
J91
LA

VI
dsy

NI
naj

vv)
uL9

VIV
441

ov9
ngo

919
nay

V1Y
911

229
ely

vy

19v
V1d
339
ovI

vv)
ug9

vv9
no

91)
naj

JLV
9l1

YoV
bay

11)
naj

Lv9
dsy

931
43§

vv9

VoL
191
19v
913

V9
dsy

Vil
43§

199
bay

29
bay

9lv
19K

V9
dsy

V99
£19

Jo1L
NELS

131

91J
J99
ovy

219

€19
AN

294
Qi1

116
86

09v
18

60Y
v9

8G¢
Ly

L0€
0t

9462
£l

502

val
€0t
25
I

SUBSTITUTE SHEET



PCT/US92/00377

WO 92/16656

SNl

19V
NELS

YoV
4yl

OV
NEIS

NV
14l

Vi)
na’

9
4y

J91
sK)

vy
s

119
naj

JOV
NELS

Jov
FEIN

919
LeA

v
91

9yY
sAq

oV
43§

01
NEL

v9J
Bay

LV
9Ll

91)
naj

V9
ngo

919
LeA

239
ely

J91
SK)

29V
bay

Yv9
ngo

VYol
ER

OV
NETS

v
14l

LIv
441

29
ely

oLV
19K

991
day

999
A19

VoV
1y

JOv
49§

I9vd
uLy

Vil
436

Vi)
naJ

9V
NELN

1
naj

Yv)
uLd

vy
usy

39
ey

99
bay

9v9
no

20V
1yl

JoV
43§

91)
naj

399
£19

vy
sfq

YV
4l

29
buy

11)
najy

91y
FE

v
44l

121
436

11V
Il

1)
naj

vy
sfq

Yvo
nto

91)
na

919
LeA

J9V
NEDS

299
£19

ovI
nLy

IV
1y

91)
naj

99V
bay

9v9
ngo

ov)
uLo

9vyv
sA]

Vil
NEIN

19
LeA

20V
buy

91)
na

133
0.4

VoV
bay

39
ely

J9v
NEIN

V9
nio

IO
ngo

9v9
no

99v
Bay

vy
usy

vJ)
04d

V9
no

VI
nLo

OV
NEDS

19
LBA

9V
sAq

VI
nLo

vv9
no

19
LeA

11V
9Ll

399
£19

91)
naJ

999
buy

139
ely

999
£19

L
NED

99)
bay

LoV
4y)

vy
usy

1239
ely

Vv
441

V)
SLH

J91
sK)

V9
dsy

1v9
dsy

11V
9lI

LIV
44l

)
0.4

99V
bay

99)
bBuy

9v9
neo

91)
nai

9vv
s

99v
bay

219
LBA

19v
43§

121
435

vy
sA

JOV
436

199
£19

99J
buay

vy
usy

Yv9
no

vy
usy

11V
9ll

Jv9
dsy

119
LeA

J91
SA)

g¢ 914

Vil
EN

729
ey

NN
044

Vv
441

1)
naJ

91)
naj

99v
bay

22)
0dd

139
ely

919
LeA

vy
usy

vy
usy

Vil
43§

dlv
9Ll

vy
usy

229
ey

993
bay

vv9
neo

912
naj

vl
4L

912
naj

2v9
ngo

Iv9
ney

V9
dsy

901
ETS

)
044

11V
91l

NI
uto

Jv9
dsy

vv9
ni9

999
£19

913
naj

Jv9
dsy

239
oLy

919
nay

91V
19H

vv9
n

11V
9Ll

929
044

919
LBA

99)
bay

9v9
no

139
ely

V9
dsy

191
sK)

919
LeA

999
£19

Jdv9
dsy

Nl
43§

V9
dsy

J9)
bay

9V
NELS

VI
no

vyv
s

91D
naj

99)
bay

VI
SIH

1L
NELS

Vv
4yl

139
284

20V
buay

vy
usy

vy
usy

V)
ugo

vv9
nL9

OV
43§

9v9
no

299
)

ov9
no

1D
naj

91D
naj

LV
ayl

6221
9tt

1721
61¢

€211
20€
2L01
682

1201
89¢

046
162

616
vee

898
{12

L18
00¢

99/
€81

Sl
991

v99
6yl

SUBCTITUTE SHE



PCT/US92/00377

WO 92/16656

6/11

19V
43§

V9
nLy

J99
£19

J91
sk)

V9
dsy

29V
NEIN

9vd
ut9

Yy

sk

NV
441

91)
naJ
121
43§

9v)
uLo

19v
FEIN

991
duay

V9
dsy

V9
dsy

v99
£19

9vI
uo

9v9
ng9

V99
£19

Viv
9Ll

99
bay

V99
A19

112
naj

239
ely

23]
0.4d

91)
naj

1v)
StH

122
044

9v9
neo

9V
NEIN

919
LeA

20V
ay]

vv9
ngo

VI
SH

Vil
NEN

VOV
ay}

IVI
uLy

Vv
s

1239
BLY

o1
NETS

19V
43§

vl
4K]

912
na7

919
na‘

VOV
Ay

VoL
NETS

VI
StH

1
43§

919
LeA

9lv
19K

v¥9)
buay

1l
TS

WO
ngo

V)
utd

91lv
19U

A1)
naj

vv9
neo

vl
a£1

39
ey

JOV
43§

9V
NEIN

1)
naj

vy
sk

999
k19

V39
ely

911
na

9V
43§

V9
dsy

919
LeA

1)
na’j

91)
naj

0V
Jy]

291
sK)

919
na’

213
naJ

919
LeA

913
naJ

39
ely

91V
19K

vy
usy

9v9
ngo

VIV
44l

V)
SLH

YoV
4yl

299
A19

39
ely

91V
19U

299
£19

9239
eLy

91)
naj

99v
Bay

vv)

ul9

111
aud

AR
uLo

vv9

nLo

9V
NEIS

39
ely

VY
sKq

VI
uLo

9239
ey

91)
naJ

20V
buy

v
no

1
43§

9v9
no

J11
ayd

129
ely

20V
ayy

919
LBeA

239
ely

1V

ayy.

929
ely

1)
na

91)
naj

129
ely

vvv
s

VoV
buy

11V
91l

919
LeA

VI
SIH

39
BlY

139
ely

dlv
9Ll

V9
bay

L)
naj

9239
ey

vy
usy

21D
naj

11V
all

9v9
ney

19v
43§

J9v
NELS

111
ayd

vy
usy

Jdvv
usy

11
ayd

vv9
ngo

VoV
4y

J9v
43§

VI
StH

9vv
sA

AN
ugo

J9vV
NEIN

- 9¢ ‘914

VY
usy

239
ely

v
ny

vv9
nLo

IvI
uty

Vi
A4}

239
ey

Vvy
sf]

Iv9
ngo

Jov
436

LV
9Ll

JI1
NETS

JJ1L
435

V99
£19

129
ey

LY9
dsy

999
A19

239
ely

vy
usy

191
sK)

11V
9]

vv9
n

1wy
usy

vi9
LA

1
436

999
£19

VoV
441

999
A19

91)
naj

Yv9
no

Nl
ER

vv9
no

99
bay

VoL
NELS

1
436

999
A19

119
naj

191
sk)

9vv
s

931
43§

JLV
9Ll

JLv
9Ll

vv9
no

9vI
nio

JoV
43¢

JdLv
9Ll

291
sk)

viv
9l

9V
13§

J9v
43§

99)
bay

V)
uto

1)
naj

291
%)

vl
441

911
nal

vy
usy

239
ely

I¥9
dsy

J9V
NELS

LEBT
ovs

981
£26

GELT
90§

V891
68Y

£€91
Ly

2861
GaY

1€61
8EY

08yl
12

62v1
vov

8LET
(8¢

L2E1
0Lt

921
£at

SUBSTITUTE SHEET



PCT/US92/00377

WO 92/16656

4]

VI
no

39
ey

39
ely

vv9
ngo

vyv
sAq

vy
sk

1)
uto

vvv
sA

39
ey

V9
dsy

912
naj

dlv
9l

vJ9
ely

19v
43§

vy
usy

139
ey

Lv9
dsy

W)
uLd

W9
nL9

9v9
ngo

9lv
19KH

V99
£19

ov9
ney

1vi
J4L

121
VER

919
LeA

20V
4y

V1)
naj

vvv
SA

VI
no

V)
uto

91)
naJ

1)
naj

99)
bay

91)
na7

1v9
dsy

AN
uto

912
naj

211
3yd

Nl
NEDS

J9V
43§

9vI
no

209
ely

V1)
na’

9v9
ngo

122
oJdd

91V
13K

ovy
sAq

V)
ut9

vy
n9

VI
no

91)
naj

299
A19

919
LeA

VI
nto

vl
441

I
ui9

vy
sAq

IV
441

919
naj

1v)
StH

AR
uy

939
ely

139
ely

9V
FETS

9v9
no

99J
buy

J1d
na1

91V
sEN

19
LeA

91J
naj

99V
Buy

v9)
bay

119
LBA

139
ey

vd)
044

9V
43g

i1
NET

NV
441

v
ugo

112
naj

V9
dsy

vV
sA
9vJ
uy

9Ll

VoV
buay

91)
na7

1L
NEIS

22V
a4l

ovv
sA

9V
NEIN

JJ39
ely

919
LeA

1Vl
JdA]

219
LeA

ovI
no

vv9
no

09
BLlY

9vI
no

JJ9
ely

1
436

910
naJ

91)
naJ

ovv
s

Va9
ely

oV
NETS

929
ely

V9
dsy

19V
436

vV
sk

vy
usy

139
eLly

9V
43§

V)
StH

vV
s

911
naJ

vy
usy

] )
nay

139
ely

vv9
no

J9V
13§

911
naj

VY
no

LY9
dsy

1)
naj

V9
ny

91D
nai

9v9
nio

vv9
no

122
odd

99V
buay

VvV
sA

vy
sfq

vy
sA7

9V
NEIN

139
BlY

1
NETS

11V
all

V9
nLy

JJ9
ely

91)
nay

1v9
dsy

VI
dsy

1V
44t

dae 9Ol14d

NV
141

vy
sAq

91
sA)

191
SA)

v9)
bay

VI
StH

91)
naj

91V
19K

1v9
dsy

ALV
9Ll

vy
usy

1L
Iyd

212
naJ

AR,
no

NV
44l

9vI
)

91y
19K

919
LeA

329
ely

ov9
no

91)
naj

VI
StH

vy
sk

9V
no

YoV
bay

v9)
bay

Vv
441

vV
s

992
bay

912
nay

VY
sfq

9v9
ngo

99V
bay

ALV
I

1D
naJ

20V
a4

9v9
neo

19J
bay

99V
bay

J99
A19

VI
ut9

vl
ak]

ovv
sAq

gvv
sA

9vI
ugo

J9V
43§

9V
uLo

Jv9
dsy

911
naj

11V
911

1D
naj

13D
0dd

9v9
no

229
ely

9v9
ngo
91V
19K

J9V
43¢

Vv
nio

9v)
uL9

J91
%)

6vve
1274

86€¢
LeL

Lvee
01¢

96¢¢
£69

Gv2e
9.9

v61¢
649

Evie
¢v9

2602
629

1¥0¢
809

0661
166

6£61
74"

8881
LSS

SUBSTITUTE SHEET



PCT/US92/00377

WO 92/16656

8/1l

Vv
919
911
191
VoV
V19
I
J91

919
212

vv9
V39

921
NETS

VYoV
buay

IR
19KW

Ivo
nio

11)
ov9
129
9219
121
131
L)
912
ov9
AN
ovo
1Jv
1Jv
4yl

AR
uto

IvI
ui9

vl
a4£]

Vil
LAY
ovv
139
101
119
23J
119

LN
I

9v9
Vvl
vv9
no

gvy
S

931
NEXS

239
ely

919
vJ)
J9V
VoV
Vil
111
I
1v)

lvl
919

9v9
ovy

1vy
usy

A1)
naj

9v9
n

139
ey

9v)
9292
vl
vy
299
vV
1Jv
viv

1
Vo9

9291
999
NV
4yl

v
19

Vil
na’

919
LeA

VoV
99V
vl
vv9
21)
v
1)
Vvl

V99
vy

191
1vJ

VI
StH

29V
bay

gyv
sAT

91)
naj

199
vl
119
9291
oLV
1
V39
919

191
VI

1Jv
39

vJ)
o4d

919
LeA

ovv
sA7

vy
usy

9vd
vov
111
vl
ov1
V99
Vil
0V

1v)
911

191
131

99V
bay

Vv
uty

91)
naj

J9V
IS

vv9
Vil
Vol
139
991
919
119
vy

Vol
VI

LAN)
19V

1
VETS

NV
441

VvV
SA

vy
usy

991
1oV
291
122
111
vl
919
0l'A)

9291
999

399
9292

vy
usy

9v9
no

vy
usy

39
ely

Vil

Vil

V9
139
101
Va9
111
39

V)
199

vy
VI
9v9
ney

1v)
SLH

vv)
uLo

99)
Bay

v
19
vV
111
1
191
N1
291

991
V19

v
NV
9vI
no

YoV
bay

1Y)
SLH

-

ovv
sk

e 9Old

lvl
993
vvi
1D
V19
J99
239
1

V9
I

V99
a1l
IvY
nio

9v9
ngo

vy
SA1

V1)
naJj

19v
N1
11V
I
11V
J99
VoV
NNN)

199
991

9291
V39

V1)
naj

919
LBA

vvy
sA]

Lv9
dsy

999
vy
J9v
111
1L
121
J9v
112

9291
399

VI
Vil

912
naj

91y
19K

vy
s

vy
usy

131
1L
01
91l
111
991
1D
139

13
vv9

299
Vvl
139
ey

239
ey

V29
ely

919
LeA

dlv
119
339
Ly
VoV
1l
21
)

vy
99V

vJ9

11)
naj

Viv
9Ll

91V
19K

vvv
sk

o1l
9yd

992¢
vice
€91¢
¢lig
190¢
oto0¢
656¢
806¢

£58¢
908¢

6G/¢

v0L¢
6¢8

£699¢2
2l

¢09¢
G6¢

166¢
8LL

006¢
192

SUBSTITUTE SHEET



PCT/US92/00377

WO 92/16656

an

1
ViV
J9v
121
131
1wy
ViV
D)
1V
29V
Yvd
Vil
217
19v
99V
Vol

ov)
91V
39
191
NI
99V
LA
W)
v
139
V1)
vy
Vv
vl
LI
991
339

vJJ
111
11v
L
119
v99
vy
NEN)
191
v
vl
9213
vv9
Vol
132
111
191

11v
19
31
111
132
val
1l
Jol
191
LV
12
91)
Vol
111
1D
Vil
V9

LA
VIV
191
119
Vil
11V
1wy
111
1
113
191
119
OV
121
111
121
9v)

ViV
1v)
oLy
1Jv
119
11V
Vil
112
J9V
vvv
VY
139
ovv
LA D)
V99
LA
VI

9LV
912
vvy
111
Vil
Vil
99V
119
113
V39
9901
11V
1l
991
919
119
) )

JIV
111
Vol
V)
111
Jvv
vvv
99V
YoV
111
L)
vViv
1l
9V
11V
1
v

I
o9V
V1)
V99
121
19v
119
Vil
Vil
V)
9v1
vl
199
IVl
911
vV
Vv

111
99V
1
vv)
1vi
LA
919
vl
1oV
vv9
911
VI
o9V
1Jv
A1I
vvv
Vv

1vl
911
19V
11D
1v3
vl
9LV
991
NNN
1V
1v)
999
19
ovy
139
lvy
Vil

19
vy
AN
Vv
11V
W)
1v)
vv9
NV
1v9
919
LN
101
1
0V
ov9
vy

d€ 9l1d

vl
Vil
Ly
1v9
Yv)
99V
vl
99V
V19
V99
994
399
1wy
viv
999
Vol
v1)

999
vvv
L
1Jv
vy
129
199
919
191
Vol

YoV

339
vyl
Vil
vv9
lvi
Vv

vl
vl
vv9
vl
Vil
R
1v9
VYoV
J91
VI
1
11D
vV
Vil
991
911
1v9

J9V
VI
VoV
il
LV
vl
199
V9
9vo
vov
131
v39
9901
339
99
11V
vJd

Viv
139
v
V)
Vil
139
1v)
999
Vvl
Vv
LY
Vil
IVl
V99
9v)
Vv
219

cely
180¢
(1]
6.6¢
B8Z6E
(B¢
9¢8¢
SLLE
vele
€49¢
29t
| FA]
026¢
69v¢E
8IvE
L9¢EE
91¢€e

SUBSTITUTE SHEET



WO 92/16656 PCT/US92/00377

10/11

(1]
¥ oz
E
.

/
3 °*
@ /
L

!

SUBSTITUTE SHEET



PCT/US92/00377

WO 92/16656

W

19SY019v1 d NIVKWOQ
IALINILINA V NIVKWOQ
¢l hwm<d4w<4mthxmhmx>Hmz>4 6v2 YHIYW €W

LI _ |
eve mzmm¢4w<4m¥m3zmmuu<42m>4 0¢¢ I

S 9ld

SUBSTITUTE SHEET



INTERNATIONAL SEARCH REPORT PCT/US 92/00377

International Application No

L. CLASSIFICATION OF SUBJECT MATTER  (if several classification symbols apply, indicate all)é

According to International Patent Classification (IPC) or to both National Classification and IPC

Int.C1. 5 C12Q1/68; C12N15/12
H. FIELDS SEARCHED
Minimum Documentation Searched’
Classification System Classification Symbols
Int.C1. 5 cl2q ; CO7K ; GOIN

Documentation Searched other than Minimum Documentation
to the Extent that such Documents sre Included in the Fields Searched?®

1. DOCUMENTS CONSIDERED TO BE RELEVANT?

Category ° Citation of Document, ! with indication, where appropriate, of the relevant passages 2 Relevant to Claim No.13

A EP,A,0 284 362 (IMPERIAL CHEMICAL INDUSTRIES) 28 1
September 1988

see page 2, line 44 - page 4, Tine 16; claims
A NATURE. 22-25
vol. 349, 24 January 1991, LONDON GB

pages 340 - 342;

K.TANAKA ET AL.: 'Suppression of tumorigenicity
in human colon carcinoma cells by introduction
of normal chromosome 5 or 18!

see abstract

A WO,A,9 005 180 (THE REGENTS OF THE UNIVERSITY OF 22-25

CALIFORNIA) 17 May 1990
see page 7, T1ine 25 - page 9, line 28; claims

N
° Special categories of cited documents : 10 1" lmtiocun‘:t pnl;lishd‘ mf;ihﬂ:itt?t:md ﬂl!lgd::
*A* document defining the general state of the art which is not or peicrity date and not in conflict with the application
considered to be of particular relevancs gted (0 understand the principle or theory underying the
“E” earlier documment but published on or after the international #X* document of particular relevance; the cisimed invention
filing date cannot be considered novel or cannot be considered to
bt m;:twwgchu !lil’rzw u‘lo;:: htrb:ky - involve an inventive step
1o establish the o 43 of acche *Y” document of particular reievance; the claimed invention
citation or other special ressom (as specified) unakm:i?ceimim“hmﬁnmm&c
¢ o imatmngtonwmmuﬂuﬁmw documeent is combined with one or more other such docu-
other m ments, such combination being obvious to a person skilled
Y of iocunmpumsuprbmmmmmﬁungdmm in the art.
later than the priority date claimed “&" document memsber of the same pateat family
IV. CERTIFICATION
Date of the Actual Compietion of the International Search Date of Mailing of this Internstions! Search Report
’,
01 JUNE 1992 42. 06. @

Intermatiosal Searching Authority Signature of Authorized Offi
EUROPEAN PATENT OFFICE LUZZATTO E. R////y/

Form PCT/ISA/210 (second sheet) (Jansecy 1989)



International Application No

PCT/US 92/00377

Iil. DOCUMENTS CONSIDERED TO BE RELEVANT (CONTINUED FROM THE SECOND SHEET)

Category

Citation of Document, with indication, whete appropriate, of the relevant passages

Relevant to Claim No.

P,X

SCIENCE.

vol. 251, 15 March 1991, LANCASTER, PA US
pages 1366 - 1370;

K.W.KINZLER ET AL.: 'Identification of a gene
located at chromosome 5g21 that {is mutated in
colorectal cancers'’

see the whole document

SCIENCE.
vol. 253, 9 August 1991, LANCASTER, PA US

page 616;
J.MARX: 'Gene identified for inherited cancer

susceptibility’

26,29,52

Form PCT/ISA/210 fexira shest) (Janmary 1985)




EPO FORM P04

ANNEX TO THE INTERNATIONAL SEARCH REPORT

ON INTERNATIONAL PATENT APPLICATION NO. gi 920022231

MMMMpmthﬂymmmtoMpmtdmth the above-mentioned international search repert.

The members are as contsined in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 01 /06/92

Patent document Publication Patent family Publication
cited in search report date member(s) date
EP-A-0284362 28-09-88 AU-A- 1337888 22-09-88

JP-A- 1034291 03-02-89

W0-A-9005180 17-05-90 AU-A- 4635089 28-05-90
CA-A- 2001815 30-04-90
EP-A- 0440744 14-08-91
JP-T- 3505675 12-12-91

Fer more details about this annex : sce Official Journal of the European Patent Office, No. 12/82



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

