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METHOD OF DIAGNOSING, MONITCRING, STAGING, IMAGING AND
TREATING COLON CANCER

FIELD OF THE INVENTION

This invention relates, in part, to newly identified
polynucleotides and polypeptides; variants and derivatives of
the polynucleotides and polypeptides; processes for waking the
polynuclectides and the polypeptides, aad their wariants and
derivatives; agonists and antagonists of the polypepiides; and
useg of the polyoucleotides, polypeptides, variants,
derivarives, agonists and antagoniste  for dereckcing,
diagnosing, wonitoring, staging, proguosticacing, imeging and
rreating cancers, particularly colon cancer. In particular,
in these and in other regards, the invention relates to rolon
spacific polynuclectides and polypeptides hereinafter referred

to as colon specific genes or “CgGEs«,

BACKGROUND OF TEE INVENTION

Cancer of the colan is a highly treatable and often
curable disease when localized to the howel. It iz one of the
most freguently diagnosed malignancies in the United States
as well as the seccnd most common cause of cancer death.
Surgery is the primary treatment and results in cure in
approximately 50% of patients. However, recurrence following
surgery is a major problem and often is the ultimate cause af
death.

The prognosis of colon cancer is ¢learly related to the
degree of penetration of the tumer through the bowel wall and
the presence or absence of nodal involvement. These two
characteristice form the basis for all staging esystems
developed for this disease. Treatment decisioums are ugually
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made in reference to the older Duke's or the Modified Astler-
Coller (MAC) classification scheme for staging.

Bowel obstruction and bowel perforation are indicators
of poor prognosis in patients with colon cancer. Elevated
pretreatwent serum levels of carcincembryoniec antigen {CER)
and of carbohydrate antigen 19-¢ ({(CA 18-%) alsoc have a
negative prognostic significance.

Age greater than 70 yeara At presentation 13 not &
contraindication to standard therapies. hAcceptable morbidity
and mortality, as well as long-term survival, are achieved in
this patient population.

Because of the frequency of the disease (approximately
160,000 new cases of colon and rectal cancex per year), the
identificetion of high-risk aroups, the demonstrated slow
growth of primary lesions, the better suxrvival of early-stage
lesiona, and the relative simplicity and accuracy of screening
tests, screening for colen cancer should be a pazt of routine
care for all adults starting at age 50, especially those with
first-degree relatives with colorectal cancer.

rrocedures used for detecting, diagnosing, monitoring,
staging, and prognosticeting colon cancer are of eritical
importance to the oubcome of the patient. For example,
patients diagnosed with early colon cancer generally have &
much greater five-year survival rake as compared to bhe
survival rate for patients diagnosed with distant netagtasized
oolon cancer. New diagnostic methods which are more sensitive
and epecific for detecting early colon cancer are clearly
naeded.

Colon cancer patients are closely monitored following
initial therapy and duripg adjuvant therapy to determine
regponse to therapy and to detect persistent or recurrent
disease of metastagis. There is clearly a need for a colon
cancer marker which is more sensitive and specific in

detecting colon cancer, its recurrence, and progression.
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Inother important step in managing colom cancer is to
determine the stage aof th.e patient's diseape. Stage
det=rmination has potential prognostic wvalue and provides
criteria for designing optimal therapy. Generally,
pathological staging of colon cancer is preferable over
clinical staging because thes former gives a more accurate
prognosis. However, clinical staging would be preferred were
it at least as accurate as pathological staging becavse it
does not depend on an invasive procedure to obtain tissue for
pathalogical evaluation. Staging of ceclon cancer would be
improved by detecting new markers in cells, tissues, or bodily
fluids which could differentiate between different stages of
invasion.

acoerdingly, there is a great need for more sensitive
and accurate methods for the staging of colon cancer in a
human to determine whether or not such cancer has metastasized
and for mcomitoring the pregress of colon cancer in a human
which has not metastasized for the onset of metastasis.

In the pregent invention, methods are provided for
detecting, diagnesing, monitoring, staging, progmosticating,
imaging and treating colon caneer via colon specific genss
raeferred to herein as C8Gs. For purposes of the present
invention, C8G refers, among other things, te native protein
axpresged by the gene comprising a polymiclectide eegquence of
SEQ ID NO:1, 2, 3, 4, 5, &, 7, 8, 9, 10, 11, 12, 13, 14, i5,
16, 17, 13, 19, 20, 21 or 22. By "C8CG“ it is alego meant
herein polynuclectides which, due to degeneracy in genetic
coding, comprise variations in nuclectide sequence as corpared
to SEQ ID MNO: 1, 4, 3, 4, 5, &6, 7, B, 9, 10, 11, 12, 13, 14,
15, 1&, 17, 18, 19, 20, 21 or 22 but which still encode the
same probein. In the alternative, what i8 meant by CBG as
used herein, means the native oRNA encoded by the gene
comprising the polynuclectide sequence of SEQ ID No: 1, 2, 3,
4, 5, %, 7, 8, 9, 10, 11, 12, 13, 14, 15, 18, 17, 18, 14, 20,
21 or 22, levels of the gene comprising kthe polynucleotide
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sequence of SEQ ID MO: 1, 2, 3, 4, 5, &, 7, B, B, 10, 11, 12,
13, 14, 15, ié, 17, 18, 19, 20, 21, or 22, or levels of a
polynucleotide which is capable of hybridizing under stringent
conditions to the antisense gequence of SEQ ID NO: 1, 2. 3,
4, 5, 6, 7, &, S, 10, 11, 12, 13, 14, 15, 18, 17, 18, 12, 20,
21 or 22.

Other objects, features, advantages and aspects of the
present invention will become apparent to those of skill in
the art from the following descripticn. It should be
understood, however, that the following description and the
gpecific examples, while indiceting preferred embodiment.e of
the invention are given hy way of illustratiom cnly. Various
changes and modifications within the spirit and scope of the
disclosed invention will becoeme readily apparent to those
skilled in the art from reading the following description and

from reading the other parts of the present diesclosure.

SUMMARY OF THE INVENTION

Toward these ends, and others, it ig an object of the
present invention Lo provide (SGs comprising a polynucleotide
of SEQ ID NO: 1, 2, 2, 4, 5, &, 7, 8, 53, 10, 11, 12, 13, 14,
15, 16, 17, 18, 1%, 20, 21 or 22, & protein expressed by a
polynucleotide of SEQ ID NO: 1, 2, 3, 4, 5, 6, 7, 8, %, 10,
11, 12, 13, 14, 15, 18, 17, 18, 19, 20, 21 or 22 or a variant
thereof which expresses the protein; or a pelymucleotide which
is rcapable of hybridizing under stringsnt conditicns to the
ant isenge sequence of SEQ ID NO:1, 2, 3. 4, 5, &, 7, B, 9, 10,
11, 12, 13, 4, 15, 16, 17, 18, 15, 20, 21 or 22.

It is ancther object of the present invention to provide
a method for diagnosing the presence of celon cancer by
analyzing for changes in levels of CSG in ¢ells, tissues or
podily fluids compzsred with levele of CSG in preferably the
same cells, tismsues, or bodily fluid type of 2 normal human

comtrol, wherein a change in levels of C8G in the patient
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versuz the normal human contrsl is associated with colon
Ccancer.

Further provided is a method of diagnosing metastatic
colon cancer in a patient having celon cancer which is not
known te have metastasized by identifying a human patient
suspected of having colon cancer that has metastasized;
analyzing a sample of cells, tissues, ox kodily fluid Efrom
guch patient for C8%; comparing the CB8G levels in such cells,
tissues, or bodily fluid with levels of CSG in preferably the
same cells, tissues, or bodily fluid type of a normal human
control, wherein an increase in C8G lewels in the patient
versus the normal human control 15 associated withn colon
cancer which has metastasized.

Also provided by the invention ie a method of staging
colon cancer in & human which haslsuch cancer by identifying
a human patient having such cancer; analyzing a sample of
¢ells, tisaues, or bodily fluid from such patient for C8G;
comparing 056 levels in guch cells, tissues, or bodily fiuid
with levels of 0SE in preferably the same cells, tissues, or
bodily fluid type of a normal human control sample, wherein
an increase in C9G levels in the patienk versus the normal
human control is associated with a cancer which is progresging
and a decrease in the levels of C35¢ is assoclated with a
cancer which ig regressing or in remissgion.

Further provided is a method of monitoring coleon cancer
in & human having such cancer for the onset of metastasis.
The method comprises identifying a human patient having such
cancer that is not known to have metastasized; periedically
analyzing a sample of cells, tiasues, or bodily fluid from
guch patieant for €5G; comparing the CSG levels in such cells,
tissue, or bodily fluid with levels of C5@ in preferably the
same cells, tissues, or bodily fluid type of a normal human
contrel sample, wherein an increase in CSG levels in the
patieant versus the normal human control is associated with a

cancer which has metastasized.
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Further provided is a method of monitering the change
in stage of colon cancer in 3 humenm having such cancer by
locking at levels of CSG in a human having such cancer. The
method comprises identifying a human patient having such
cancer; periodically analyzing a sample of cells, tissues, or
bedily fluid from such patient for €8G; cowparing the CSG
leveles in such cells, tissue, or bodily £lnid with levels of
058G in preferably the same cells, tissues, or bodily fluid
type of a normal human contrel sample, wherein an increase in
CSG levels in the patient versus the normal human contrel is
associated with a cancer which is progressing and a decreage
in the levels. of €8¢ is associated with a cancer which is
regressing or in remission.

Further provided are methods of designing new
therapeutic agents targeted to a C8G for use in imaging and
treating colon cancer. For example, in one embodiment,
therapeutic agents such as antibodies targeted against CSE or
fragments of such antibedies can be used to treat, detect ox
image localization of €8G in a patient for the purpose of
detecting or diagnosing a disease or condition. In this
enbodiment, an increase in the amount of labesled antibedy
detected as compared to normal tigsue would be indicative of
tumor metastases or growth. Such antibodies can be
polyelonal, monoelonal, or cmniclonal or prepared by molecular
biology techniques. The term “aatibody”, as vsed herein and
throughout the instant specification is also meant to include
aptamars and single-stranded cligonucleotides such as those
derived from an in vitro evolution protocol referred to as
SELEX and well known to those skilled in the art. aAntibodies
can be labkeled with a variety of detectable and therapeutic
labels including, but nok limited to, radicisotopes and
paramagnetic metals. Therapeutic agents suchk as small
molecules and antibodies which decrease the concentration

and/ar activity of CSG can also be used in the tremtment of
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diseages characterized by overexpression of CE2G. Such agents
can be readily identified in accordance with teachings herein.

Other ohjects, features, advantages and aspecks of the
present invention will become apparent to those of skill in
the axrt from the following description. It should be
underatood, however, that the fellowing description and the
specific examples, while indicating preferred embodiments of
the invention, ars given by way of illustration only, Various
changes and modifications within the spirit and scope of the
disclosed invention will becowme readlly apparent to those
gkilled in the art from reading the following description and

from reading the other parts of the present disclosure.

GLOSSARY

The fellowing illustrative explanations are provided to
facilitate understanding of cwertain terms used Freguently
herein, particularly in the examples. The explanations are
provided as & convenience and are not limitative of the
invention,

TSOLATED means altered "by the hand of man" from its
natural state; i.e., that, if it occurs in nature, it has been
changed or removed from its original suvironment, or both.

For example, a maturally occurring pelynucleotide or a
polypeptide naturally present in a living animal din itg
patural state is mot "isclated, " but the same polymicleotide
or polypeptide separated from the coexisting materials of its
natural state is "isclated", as the term is ewployed hérein,
For example, with respect to polyoucleotides, the temm
isolated means that it is geparated from the chromosome and
cell in which it naturally cccurs.

Asg part of or following isclation, such polynuclectides
can be joined to other polynucleotides, such as DWAs, for
mutagenesis, te form fusion proteins, apd for propagation or
expression in a host, for imetance. The isclated

polynuclectides, aleone or joined to cther polymucleotides such

JP 2004-510408 A 2004.4.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

10

is

240

25

320

(59)

WO 0192528 POTIUSOLATSHS
-8 -

as vectors, can be introduced intc host cells, in culture or
in whole organisms. When introdurced into host cells in culture
or in whole organisms, =uch DNAs still weould be isolated, as
the term is used herein, because they would not be in their
paturally occurring form or environment. Siwmilarly, the
polynuclectides and polypeptides may ccour in a compogition,
anch as media formulations, sclutions for introductiom of
polynucleotides or peolypeptides, for example, into cells,
campoaitions or solutions for chemical or enzymatic reactions,
for instance, which are mot naturally occurring compositions,
and, therein remain isolated polynudleotides or polypeptides
within the meaning of rhat term a= it is employed herein.

OLIGONUCLECTIDE (8} refers to relatively shoxrt
polynuclectides. Often the term refers to single-stranded
deoxyribonucleotides, but it can refer as well to gingle-or
double-skranded ribonuclectides, RNA:DMA hybrids and double-
stranded DHAs, among cothers.

oligonucleotides, such as single-stranded DHA probe
cligonuclectides, often are synthesized by chemical methods,
such as those implemented on  automated oligonuclestide
gynthegizers. However, oligonuclectides ¢an be made by a
variety ;af other methods, including in wvitro recombinant DNA-
mediated techniques and by expressicn of IMAs in cells and
organisms.

Initially, chemically synthesized DNAs typically are
obtained without a B' phosphate. The 5* ends of such
oligonuclectides are not substrates for phosphodiester bond
formaticn by ligation reactions that employ DNA ligases
typically used to form recombinant DNA molecules. Where
ligation of such oligonucleotides ig desired, & phosphate can
be added by standard techniques, such as those that employ a
kinase and ATE.

The 3' end of a chemically synthesized cligonucleotide
generally has a free hydroxyl group and, in the presence of

2 ligase such as T4 DNAR ligase, zeadily will form a
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phosphodiester bond with a 5' phosphate of another
palymucleotide, such as another oligonuclectide. As is well
known, this reaction can be prevented selectively, where
desired, by removing the 5' rphosphates of Cthe other
polynucleotide (3) prior rto ligation.

FOLYNUCLEOTIDE (5) generally refers Lo any
polyribonucleotide or polydeoxribonuclectide and is inclusive
of unmodified RWA or DNA as well as modified RNR or DNA.
Thua, for instance, polynucleotides as used herein refers to,
among other things, single- and double-stranded DA, DA that
ig a mixture of single- and double-stranded regions, single-
and double-stranded ENA, and RMNA that is mixture of single-
and double-stranded regions, hybrid moleculss comprising DNA
and RNA that may be s=single-stranded ox, more typically,
double-stranded or & mixture of single- and double-stranded
regions. In addition, pelynucleotide, as vsed herein, refers
to triple-stranded regions comprising RNA or DNA or koth RNA
and DNA. The strands in such regicns may be from the same
molecule or from diffevent welecules. The regions may include
all of one or more of the molecules, but more typically
involve only a region of some of the molecules. One of the
molecules of a triple-helical regiom eften is  an
.oligonucleotide.

As used herein, the term polynuclectide is alsc
inclusive of DNAS or RNAs as described above that contain one
or more modifisd bases. Thus, DNAs or RNAs with backbones
modified fer  stability o far other reasons are
spelynuelectidest as that term ie intended herein. Moreover,
DNEE or RNAs comprising unusual bases, such as inosine, or
modified bases, such as tritylated bases, to name Just two
examples, are polynuclectides as the teowm is used herein.

It ‘will ke appreciated that a great variety of
modifications have been made to DNA and RNA that serve many
useful purposes known to those of skill in the art. The temm
polynuclectide as it is employed her=ip erbraces such
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chemically, enzywatically or metabolically modified forms of
polynucliectides, as well as chemical forms of DNA and ENA
characteristic of viruses and cells, including simple and
complex cells, inter alia.

FOLYPEPTIDES, as usged herein, includes all peolypeptides
a8 described below. The basic structure ¢f polypepbides is
well known and has been described in inmumerable textbooks and
ather publications in the art. In this context, the term is
used herein to refer to any peptide or proteln comprising two
or more amino acids joined to each other in a linesar chain by
peptide bonds, As used herein, the term refers to both short
chains, which alsc commonly are referred £o in the art as
peptides, oligopeptides and oligomers, for example, and to
longar chains, which generally are referred to in the art as
proteins, of which there are wmany types. It will be
appreciated that polypeptides often contain amine acids other
than the 20 amino acide commonly referred to as the 20
naturally ccourring amino acids, and that many aminc acids,
including the terminal amino acids, may be modified in a given
polypeptide, either by natural processes such as precessing
and other post-translational wodifications, or by chemical
modification technigues which are well known te the art. Ewven
the common modificatioms that occur naturally in polypeptides
are too numerous to list exhausgtively here, but they are well
described in basic texts and in more detailed monographs, as
well as in a voluminous research literature, and they are well
kmown to those of skill in the art.

Modifications which may be present in polypeptides of
the present invention include, to mame an illustrative few,
acetylation, acylation, ADP-ribosylation, amidaticn, covalent
atbachment of f£flavin, covalent sttachment of a heme meoiety,
covalant attachment of a mucleotide or nucleotide derivatiwve,
covalent attachment of a lipid or lipid derivative, covalent
attachment of vhosphotidylinositol, eross-linking,

cyclization, dipulfide hond formation, demethylatiom,
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formation of covalent eross-linke, formatiom of cystine,

formation of pyroglutamate, formylation, gamma-carboxylation,

glycosylation, BET ancheyr formation, hydroxylation,
iodination, methylation, myristoylation, oxidatieon,
proteolytic processing, phogpherylation, prenylation,

racemization, selencylation, sulfation, tranafer-RNA mediated
addition of amino acids to proteins such as arginylatiom, and
ubiguitination.

Such modifications are well known ta those of gkill and
have been described in great detail in the scientific
literature. Several particularly common wodifications
including, but not limited to, glycosylation, lipdid
attachment., sulfation, gamma-carboxylation of glutamic acid
residues, hydroxylation and ADP-ribesylation are deseribed in
most baelc texts, such ag, for instange PROTEINS STRUCTURE AND
MOLECULAR PROPERTIES, 2nd Ed., T. E. Creighton, W. H. Freeman
and Company, New York (1953). Many detailed reviews are
available on this aubject, such as, for example, those
provided by Wold, F., Posttranslational Protein Modifications:
Perspectives and Prospects, pge. 1-12 in POSTTRANSLATIONAL
COVALENT MODIFICATION OF PROTEINS, E. ©. Johnsom, Ed..
Academic Pregs, New York (1883); Seifter et al., BMnalysis for
protein modifications and nonprotein cofactors, Meth. Enzymol .
182: 626-646 (1920) and ERattan et al., Protein Synthesis:
posttransiational Modifications and Aging, Anm. N.¥. Acad.
8ci. &63: 48-62 (1992) .

It will be appreciated that the polvpeptides of the
present invention are not always entirely limear. Instead,
polypeptides may be branched as a result of ubiquitination,
and they may be circular, with or without branching, generally
as a result of posttranslation sevents including npatural
processing event and eventg brought about by human
manipulation which do not occur naturally. Circular, branched

and branched circular polypeptides may be synthesized by non-
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tranzslation matural processes and by entirely synthetic
metheds, ag well.

Modificetions can occur anywhere in a polypeptide,
including the peptide backbone, the amino acid side-chains and
the amino or carboxyl termini. In fact, blockage of the aminec
and/er carboxyl group in a polypeptide by a covalent
modification ig common in naturally occurring and synthetie
polypeptides =2nd such modifications way he present in
polypeptides of the present invention, as well. For instance,
the amino terminal residue of polypeptides made in E. celi,
prior te proteclylic processing, almost invariably will he N-
formylm=thionine.

The modifications that occur in a pelypeptide often will
be a function of how it is made. For polypeptides made by
expressing a cloned gene in a host, for instance, the nature
and extent of the modifications, in large part, will be
determined by the host c¢ell posttramnslaticnal modification
capacity and the mwodificatien signals present in the
polypeptide amino acid sequence. For instance, as is well
known, glycogylation often doez not occur im bacterial hosts
gmcth ag E. coli. BAccordingly, when glycosylation is desired,
a polypeptide can be expressed in a glycosylating host,
generally a eukaryotic c¢ell. Insect cells often carry out the
same posttranslaticnal glycesylations ac mammalian cells.
Thueg, insect cell expressicn systems have been developed to
express efficiently mammalian proteins having native patberns
of glycosylation, inter alia. Similar considerations apply
to other modifications.

It will be appreciated that the same type of
modification may be present in the same or varying degrees at
several sites in a given polypeptide. Rlso, a given
polypeptide may contain many types of modifications.

In general, as used herein, the term polypeptide

encompasses all such modificaticns, particularly those that
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are present in polypeptides synthesized by expressing a
polyaucleotide in a host cell.

VARIANT{S) of polynuclectides or polypeptides, as the
term is used berein, are polynucleotides or polypeptides that
differ Zfrom a refersnce polynucleotide or polypeptide,
respectively.

With respect to variant polynuclsctides, differences are
generally limited sc that the nucleotide sequences of the
reference and the variant are ¢losely similar owerall and, in
many reglong, identical. Thus, changeg in the nuclectide
sequence of the variant may be silent. That is, they may not
alter the amino acide encoded by the polynucleotide. Where
alterations are limited to silent changes of this type a
variant will erncode a polypeptide with the same amino acid
seguence as the reference. Alternatively, changes in the
nuclectide sequence of the variant may alter the amine acid
sequence of a polypeptide encoded by the reference
polynucleotide. Such nucleotide changes may result in amino
acid substitutions, additionsa, deletions, fusions and
truncations in the polypeptide encoded Dy tThe reference
seguence.

With respeckt to variant polypeptides, differences are
generally limited ac that the sequences of the reference and
the variant are closely similar overall and, in many region,
identical. For exampls, a variant and reference polypeptide
may differ in  amince acid segquence by one or more
substitutions, additions, deletions. fusions and truncations,
which may be present in any combination.

RECEPTOR MOLECULE, as used herein, refers toc molecules
which bind or interact specifically with CS5G polypeptides of
the present invention and is inclusive not only of classic
receptore, which are preferrsd, but also other molecules that
specifically bind to or interact with polypeptides of the
invention (which alse wmay e referred to as "binding

melecules® and "ipteraction molecules," respectively and as
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*C8C binding or interaction molecule=”. Binding between
polypeptides of the invention and such moleculee, including
receptor or binding or interaction molecules way be exclusive
to polypeptides of the inventicn, which 1s wvery highly
preferred, or it may be highly specific for polypeptides of
the invention, which ig highly preferred, or it may be highly
specific to a group of proteins that includes polypeptides of
the imvention, which is preferrs=d, or it may be specific to
several groups of proteins at least one of which includes
pelypeptides of the invention.

Receptors also may be non-naturally occurriag, euch as
antibodies and antibody-derived reagents that bind to
polypeptides of the invention.

DETATLED DESCRIPTION OF THE TNVENTION

The present invention relates to novel colon specific
polypeptides and polynuclectides, referred to herein as CSGs,
among cther things, as described in greater detall below.
Polynucleotides

In accordance with one aspect of the present invention,
there are provided isclated C8G polynuclectides which encode
C5G polypeptides.

Using the information provided herein, such as the
polymucleotide sequences seb our in SEQ ID NG:1, 2, 3, 4, &,
€, 7, &, 9, 10, 11, 12, 13, i4, 15, 16, 17, 18, 15, 20, 21,
and 22, a polynuclaotide of the present inventlon encoding a
56 may be obtained using standard cloning and goreening
procedures, such as those for cloning oOWAs using WRMA from
cells of a human tumor as starting material.

polynucleotides of the present invention may be in the
form of RNA, such as mRNA, or in the form of DNA, including,
for instance, cDNA aad genomic DNA obtained by cleoning or
produced by chemical eynthetic technigues or by a combination
therecf. The DNA may be double-gtranded or single-stranded.
single-stranded DMA may be the ¢oding strand, alsc known as
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the sense strand, or it way be the non-coding strand, alsc
referred t¢ as the anti-senge strand.

The coding sequence which encoedes the polypeptides may
ke identical teo the coding sequence of the polynuclectides of
S\ ID W0:1, 2, 3, 4, 5, &, 7, &, %, 10, 11, 1z, 13, 14, 15,
is, 17, 18, 18, 20, 21 or 22. It also may be a polynuclectide
with a different sequence, which, as a result of the
redundancy {degeneracy) of the genetic code, encodes the same
polypeptides as enceded by SEQ ID NO:1, 2, 3, 4, 5, §, 7, &,
&, 10, 11, 12, 13, 14, 15, 1&, 17, 18, 1%, 20, 21 or 22.

Polynuclectides of the present invention, gsuch ag SEQ
Ip Wo: L, 2, 3, 4, 5, 6, 7, 8, 9%, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21 or 22, which encode these polypeptides may
comprise the coding sequence for the mature polypeptide by
itself, Polynuclectides of the present invention may also
comprise the coding sequence for the mature polypeptide and
additional coding segueaces such as thoge enceding a leader
or gecretory sequence such as a pre-, or pra- oY prepro-
protein sequence. Polymucleotides of the present invemtion
may also compri=me the coding sequence of the mature
polypeptide, with or without the aforementioned additiomnal
coding  sequences, together with additional, non-coding
sequences. RBxamples of additicpal non-coding sequences which
may be incorporared into the polynucleotide of the present
inventicn include, but are net limited to, introms and non-
coding 5' and 3' sequences such as transcribed, non-traznelabed
seguences that play a role in transcription, miNA processing

© inclnding, for example, splicing and polyadenylation signals,

ribosome hinding and stability of mRNA, and additional coding
seguence which cedes for amino acids such as those which
provide additiopal functiomalities, Thus, for instance, the
polypeptide aay be fused to a marker sequence such as a
peptide which facilitates purification of the fused
polypeptide. In certain preferred embodiments of this aspect

of the invention, the marker sequence 1is a hexa-histidine
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peptide, such ag the tag provided in the pQE vector (Qiagen,
Inc.}, among others, mwany of which are commercially available,
As desoribed in Gentz et al. (Proc. Natl., Acad. Sci., USA Be:
£31-824 (198%)), for instance, hexa-histidine provides faor
convenient purification of the fusion protein. The HA tay
corresponds to an epitope derived of influenza hemagglutinin
protein {Wilson et al., Cell 37: 767 (1384);.

In accordance with the foregoing, the term
vpolynucleotide encoding a polypeptide” as used herein
encompasses polynuclectides which inelude s sequence encoding
a polypeptide of the present invention, particularly SEQ ID
NO:1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 1§, 17,
18, 1%, 20, 21 oy 22. The term enconpasses polvnucleotides
that include @ single continuwous region cor gdiscontinuous
regions encoding the polypeptide {for example, interrupted by
introns) together with additicmal regions, that also may
contain coding and/or non-coding sequences.

The pregent invention further relates to variants of the
herein ahove described polynucleotides which encode fox
fragments, analogs and derivatives of the C3G pelypeptides.
A variant of the polynuclectide may be a naturally occurring
variant such as a naturally occurring allelic wariant, or it
way be a veriant that is not known to occur naturally. Such
nen-naturally occurring variants of the polymucleotide may be
made by mutagenesis technigues, including thoee applied@ to
polynuclectides, cells or organisms.

Among variants in thieg regard are variants that diffexr
from the aforementionsd polynucleotides by mnucleotide
substitutions, deletions or additions. The substitubions,
deletions or additions may invelve one or more nuclectides.
The variants way be altered in coding or non-coding regicns
or both, BAlterations in the coding regions may produce
conservative or non-canservative amince acid substitutions,

deletions or additions.
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Among the particularly preferred =smbodiments of the
invention in this regard are polynuclectides encoding
polypeptides having the same amino acid seguence encoded by
2 C8G polynuclecotide comprising SEQ ID WO; 1, 2, 3, 4, 5, 6,
7, 8, &, 10, 1i, 12, I3, 14, 15, 1, 17, 18, 19, 20, 21, or
22; variants, analegs, derivatives and fragments thereof, and
fragmants of the variamts, analogs and derivatives. Further
particularly preferred in this regard are C8G polynucleotides
encoding polypeptide wvariants, analogs, derivatives and
fragments, and variante, analogs and derivatives of the
fragments, in which geveral, a few, 5 to 10, 1 te &, 1 to 3,
2, 1 or nmo amino acid residues are substituted, deleted or
added, in any combination. Espacially prefecred among these
are silent substitutions, additioms and deleticons, which do
not alrer the properties and activities of the C8G. Also
especially preferred in  this reogard are conservabive
substitutions. Most. nighly preferred are poljymiclestides
enceding peolypeptides having the amine acid sequences as
polypeptides encoded bv SEQ ID No: 1, 2, 3, 4, 5, 6, 7, 8, 9
16, 11, 12, 13, 14, 15, 1§, 17, 18, 1%, 20, 21 or 22, without
eubstitutions.

Further preferred embodimente cof the invention are C56
polynuclectides that are at least 70% identical to a
polynucleotide of SEQ ID Nd: 1, 2, 3, 4, 5, &, 7, 8, 3, 106G,
i1, 32, 1%, 14, 1i5, 16, 17, 1&, 18, 20, 21 or 22, and
polynuocleotides which are complementary to such
polymucleotides. More preferred are C8G polynucleotides that
comprise a region that is at least 80% identical te a
polynucleotide of SEQ TD WO: 1, 2, 3, 4, 5, €, 7, 8, 9, 10,
i1, 12, 1, 14, 15, 1&, 17, 18, 15, 20, 21, or 22. In this
regard, (8¢ polynucleotides at least 50% identical to the same
are particularly preferred, and among these particularly
preferred CSG polynucleotides, thoge with at least 95% are
especially preferred. Furthermore, those with at least 97%
are highly preferred among those with at Ieast 25%, and among
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thege thoge with at least ©98% and at Jleast 9%% are
particularly highly preferred, with at least 22% being the
magt preferred.

Particularly preferred embodiments in this respect,
morgover, are polymucleotides which encode polypeptides which
retain substantiazlly the same biolegical function or activity
as the mature polypeptides enceded by a polynuclestide of SEQ
IDND: 1, 2, 3, 4, 5§, &, 7,8, %, 10, 11, 12, 13, 14, 15, 16,
17, 18, 13, 29, 21 or 22,

The present inventien further relates to polynuclectides
that hybridize to the herein above-described CSG seguences.
In this regard, the present invention especially relates to
pulynucleotides which hybridize under stringent conditions to
the herein above-described polymucleotides. As hereln used,
the ferm "stringent conditions! weans hybridization will occur
only if there ie at least 95% and preferably at least 978
identity between the sequences.

A discugsed additicnally herein regarding
polynucleotide assays of the invention, for instance,
polynucleotides of the invention as described herein, may be
used as a hybridization procbe for cblNA and genomic DNA to
isolate full-length cD¥As and genomic clomes encoding CSGs and
to isolate DA and geneomic cleones of other genes that have
a high seguence similarity to thesge COS8Gs. Such probes
generally will comprise at least 15 bases. Preferably, such
probes will have at least 30 bases and may have at least 50
bases.

For exanmple, the coding reglon of €3G of the present
invention may  be ignlated by screemning using an
cligonuclestide probe synthesized from the nown DA sequence.
A labeled oligonucleotide having a seguence complementary to
that of a gene of the present imvention iz used to screen a
library of human cONA, gemomic DHA or mRNA to determine which
members of the library the probe hybridizes with.
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The polynucleotides and polypeptides of the presemnt
invention may be employed as research reagents and waterials
for discovery of treatments and diagnestics to human disease,
as further discussed herein relating to polynucleotide assays,
inter alia.

The polynuclectides may encode a polypeptide which is
the mature protein plus additiomal amino or carboxyl-terminal
awince acids, or arﬁ‘mo acids interior to the mature peolypeptide
{when the mature form has more than one polypeptide chain, for
instance) . Such sequences may play a role in processing of a
protein from pPrecursor to a mature form, mAY
facilitate/protein trafficking, may prolong or ghorten protein
half-1ife or may facilitate manipulation of a protein for
agsay or production, among other things. As gensrally is the
case in sitn, the additional amine acids may be processed away
from the mature protein by cellular enzymes.

A precursor protein having the mature form of the
polypeptide fused to one or wWOore prosajquences may be an
inactive form of the polypeptide. When prosequences are
removed, such inzctive precursors generally are activated.
Some or all of the prosequences may be removed before
activation. Generally, such  pPrecurscrs are called
proproteins.

In sum, a poelynucleotide of the present invention may
encode a mature protein, a mature protein plus a Ieader
sequence (which may be referred te as a preprotein], a
precursor of a mature protein having ome or more prosequences
which are not the leader sequences of a preprotein, or a
preproprotein, which is a precursor to a proprotein, having
a leader sequence and one or more proseduences, which
generally are removed during processing steps that produce
active and mature forms of the polypeptide.

Polypeptides
The present invention Efurther relates to C5G

polypeptides, preferably peolypeptidaes encoded by a
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polynucleotide of SEQ ID NO: 1, 2, 3, 4, 5, 6, 7,8, 9, 10,
i1, 12, 13, 14, 15, 1§, 17, 1B, 19, 20, 21, or 22. The
invention alse relateg to fragmenta, analogs and derivatives
of these polypeptides. The terms "fragment," “derivative" and
'analog" when referring to the polypeptides of the present
inventicn means a polypeptide which retaing essentially the
sams biclegical function or activity as such pelypephtides.
Thus, an analog includes a proprotein which can be activated
by cleavage of the proprotein portien to produce an active
mature polypeptide.

The polypeptide of the present invention mway be a
recombinant polypeptide, a natural polypeptide or a synthetic
polypeptide. In certain preferred embodiments it is a
recombinant polypeptide.

The fragment, derivative or analeg of a polypeptide of
¢r bthe present inventicon may be (I} cne in which one or more
of the amino acid residues are substituted with a comserved
or non-conserved amino acid residue (preferably a conserved
amino acid residue) and such substituted amino acid residue
may or Way not be one encoded by the genetic code; (ii) one
in which one or more of the amino acid residues includes a
substituent group; (iii) ene in which the mature polypeptide
is fused with another compound, such as a cowpound to increase
the half-life of the polypeptide (for example, polyethylene
glycol); or [(iv) one in which the additional amino acids are
fused to the mature polypeptide, such as 2 leader or secretory
sequence or a sequence which is employed for purification of
the mature pelypeptide or a proprotein seguence. Such
fragments, derivatives and analogs are deemed to be within the
scope of those skilled in the art fram the teachings heréin.

among preferred wvariants ars those that wvary from a
reference by conservative amine acid subetitutions. such
gubstitutions are those that substitute a given amino acid in
z polypeptide by another amino acid of like characteristics.

Typically seen as conservative substitubions are the
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replacenents, one for ancther, among the aliphatic amino acids
Ala, val, Leu and Ile; interchange of the hydrexyl residues
Ser and Thr, exchaoge of the acidic residues Asp and Glu,
substitution between the amide residues Asn and Gln, exchange
of the basic resgidues Lys and Arg and replacements among the
aromatic residues Phe, Tyr.

The polypeptides and polynucleotides of the present
invention are preferably provided in an isolated form, and
preferably are purified to homogeneity.

The polypeptides of the present invention include the
polypeptide encoded by the polynucleotide of SEQ ID WO: 1, 2,
3, 4, 5, 6, 7, 8, 2, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21 or 22 [(in particular the mature polypeptide) as well
as polypeptides which have at least 75% similarity
{preférably at lsast 75% identity), more preferably at least
90% sinilarity (more preferably at least %0% identity), =till
more preferably at least 95% similarity (still more preferably
at least 95% identity), to a polypeptide encoded by SEQ ID NO:
i1, 2, 3, 4, 5, 6, 7, 8, 9, 10, L1, 12, 13, 14, 15, 16, 17, 18,
13, 29, 21, or 22, aAlso included are portions of such
polypeptides generally containing at least 30 aming acids and
more preferably at least 50 amino acids.

As known in  the art raimilarity" between two
polypeptides is determinsd by comparing the amino aeid
gequence and itg congerved amino acid substitutes of one
polypeptide sequence with that of a second polypeptide.

Fragmente or portione of the polypeptides of the presesnt
invention may be employed for producing the corresponding
full-length polypeptide by peptide synthesis; therefore, the
fragments may be emploved as intermediates for producing the
full-length polypeptides. Fragments or pertions of the
polynucleotides of the present invention may be used to
synthesize Ffull-length polynuclectides of the present

invention.
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Fragments

2lsc among preferred embodiments of this aspect of the
present invention are polypeptides comprising fragments of a
polypeptide encoded by a pelynuclectide of SEQ ID NO: 1. 2.
3, 4, 5, 6, 7, 8, 9, 10, 11, 1z, 13, 14, 15, 1l&, 17, 18, 19,
20, 21 or 22. In this regard a fragment is a polypeptide
having an amino acid sequence that entirely ig the zame as
part but net all of the amino acid seguence of the
aforementioned CSG polypeptides and variants or derivatives
thereof.

guch fragments may be "free-standing,” i.e., not part
of or fused to cther aminc acids or polypeptides, or they may
be contained within a larger polypeptide of which they form
a part or region. When contained within a larger polypeptide,
the presemtly discugeed Lragments most preferably form a
single continuous region. Rowever, geveral fragments may be
comprised within a single larger polypeptide. For instance,
certain preferred embodiments relate to a fragment of a C8G
polypeptide of the present comprised within a pracursor
polypeptide designed fTor expression in a host and having
heterologous pre- and pro-polypeptide regioms fused to the
amine terminus of the CSG fragment and an additional region
fused to the carboxyl terminus of the fragment. Therafore,
Eragments in one aspeck of the meaning intended herein, refers
to the poriion or portiona of a fueion pelypeptide or fusiom
protein derived from a CSG polypephtide.

ks representative examples of polypeptide fragments of
the invention, there may be menticned those which have fxom
about 1% Lo about 139 amino scids. In this context “about”
includes the particularly recited range and ranges lavger or
smaller by several, a few, 5, 4, 3, 2 or 1 amino acid at
cither extreme or at hobh extremes. Highly preferred in this
regard are the recited ramges plus or minug as many as 5 amino
acids at either or =t both extremes. Particularly highly

preferred ara the recited ranges plus or minus as many as 3
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amino acids at either or at beoth the recited extremes.
Bepecially preferred are ranges plus or minus 1 amino acid at
either or at hoth extremes or the recibed ranges with ng
additions or deleticns. Most highly preferred of all in this
regard are [ragments from aboubt 15 to about 45 amino acids.

Among especially preferred fragments of the inveution
are truncation mutants of the CSG polypeptides. Truncation
mutants include €3G polypeptides having an amino acid sequendce
encoded by a pelymucleotide of SEQ ID NC: 1, 2, 3, 4, 5, &,
7., 8, 9, 10, 11, 1z, 13, 14, 15, 1s, 17, 18, 19, 20, 21 or 2%,
or varlants or @erivatives thereof, except for deletion of a
continuous series of residues (that is, a continucus regiom,
part or portion) that includes the amine terminus, or a
continuous series of residues that includes the carboxyl
terminus or, as in double truncation mutants, delekion of two
continuoug series of residues, one including the amino
terminug and one including the carboxyl terminus. Fragments
bhaving the size ranges set out herein also are preferred
embodiments of truncation fragments, which are especially
preferred ameng fragments genexally.

Also preferred in thiz aspect of the inventicn are
fragments charzcterized by structural or funetional attributes
of the C8G polypeptides of the pregent invention. Preferred
embodiments of the invention in this regard include fragments
that comprise alpha-helix and alpha-helix forming regions
("alpha-regions"), beta-sheet and beta-sheet-forming regicns
("heta-regiong™), twrn and turn-forming regions ("turn-
regions"), coil and coil-forming regioms (“ceil-regions"},
hydrophilic regions, hydrophobic regions, alpha amphipathic
regicna, beta amphipathic regions, flexible regions, surface-
forming regions and high antigenic index regions of the C8G
polypeptides of the present invention. Regions of the
aforementioned types are identified routinely by apalysis of
the amino acid sequences encoded by the polynuclectides of 2EC
iD Wo: 1, 2, 2, 4, 5, &, 7, 8, 9, 10, 11, 12, 13, 14, 15, 18,
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17, 18, 1%, 20, 21 or 22. Preferred regions include Garmier-
Robson alpha-regions, beta-regions, bturn-regioms and coil-
regicns, Chou-Fasman alpha-regions, beta-rxegions and turm-
regions, Kyte-Doclittle hydrophilic regions and hydrophilic
regions, Eisenberg alpha and beta amphipathic regions,
Karplus-g@chulz flexible regions, Emini surface-forming regioms
and Jamegon-Wolf high antigenic index regions. Rmong highly
preferred fragments in this regard are those that comprise
regiong of C5Ge that combine several structural feaztures, such
ag geveral of the features set out above. In this regard, the
regions defined by selected residues of a 0SG polypeptide
which all are characterized by aminc acid compogiticns highly
characteristic of turn-regions, hydrophilic regions, flexible-
regions, surface-forming regicns, and high antigenic index-
regiong, are especially highly preferred regions. Such
regions may be comwprised within a lavger polypeptide or way
be by themselves a preferrsed fragment of the present
invention, as discussed above. It will be appreciated that
the term "about” zs used in this paragraph has the meaning set
cut above regarding fragments in general.

Further preferred regions are those that mediate
activities of CSG polypeptides. Most highly preferred in this
regard are fragments that bave a chemical, biological ar other
activity of a CSG polypeptide, including thoge with a similar
activity or am improved activity, or with a decreased
undesirable activity. Highly preferred in this regard are
fragments that contain regions that are homologs in sequence,
or in position, or in hoth sequence and te active regions of
related polypeptides, and which include colon specific-binding
proteins. Among particularly preferred fragments in these
regards are truncation wmutants, as discussed above.

It will be appreciated that the inventiom also ralatee
to polynuclectides encoding the aforementioned fragments,
polynuclectides that hybridize to polynucleotides encoding the
fragments, particulaxly those that bybridize under stringent
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conditions, and polynucleotides such as PCR primers for
amplifying polynuclectides that encode the Cragments. In
thege regarda, preferred polynucleotides are thosge that
correspond to the preferred fragmenta, as discussed above.
Fusion Proteins

In cne =mbodiment of the presant invention, the C3G
polypeptides of the present invention ere preferably fused to
other proteins. These fusion preoteine can he used for a
variety of applications. Por ewxample, fusion of the present
polypeptides to Hie-tag, HA-tag, protein A, IgS domains, and
maltose binding proteim facilitates purification. (See also
EP A 3%4,827; Traunecker, et al,, Nature 331: 84-B6 (1888).)
similarly, fusion to IgG-1, TgG-3, and albumin increages the
halflife time in wivo, Huclear localization signals fuszed to
the polvpeptides of the present invention can target the
protein to a specific subeellular localization, while covalent
hetercdimer or homodimers can increase or decrease the
actiwvity of a fusion protein. Fusion proteins can also create
chimeric molecules having more than ome function. Finally,
fusion proteing can increase solubility and/cor stakility of
the fused protein compared to the non-fused protein. ALl of
these types of fusion proteins described above can be made in
accordance with well known protocols.

For example, a (5G polypeptide can be fused to an IgG
nolecule via the following protocol. Briefly, the human Fc
porticn of the Ig8 molecule is PCOR amplified using primers
that span the 5' and 3' ends of the sequence. These primers
also have convenient restriction enzyme sites that facilitate
cloning into an expression vector, preferably a mammalian
expression vector. For example, 1f pC4 (Aocsssion Wo. 2089648}
is used, the human Fc portion ¢an be ligated into the BamHT
cloning site. In this protocol, the 3' BamHI s&ite must be
destroyed. Next, the vector containing the human Fc portion
ie re-restricted with BamHI thereby linsarizing the wvector,
apd a 026 polynmclectide of the present dnvention is ligated
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into this BawHI site. It is preferred that the polyaucleotide
is clomed without a stop codon, otherwise a fusion protein
will not be produced. :

If the naturally occurring signal sequence iz uged to
produce the secreted protein, pC4 daes not need a second
signal peptide. Alternatively, 1f the naturally occcurring
signal seguence is not used, the vector can be modified to
include a hsterclogous signal sequence. (See, 2. g., WO
95/34891.)

Diagnostic Assays

The present invention also relates to diagnostic assays
and methods, both quantitative and qualitative for detecting,
diagnosing, monitoring, staging and prognosticating cancers
by comparing lewels of CSG in a human patient with those of
C3G in a normal human control. For purposes of the present
invention, what is meant by CS¢ levels is, among other things,
native protein expressed by a gene comprising the
polynucleatide sequence of SEQ ID NO: 1, 2, 3, 4, 5, &, 7, 8,
9, 10, 11, 12, 13, 14, 15, 1s, 17, 18, 1%, 20, 21 or 22. By
"28G7 it is alse meant herein pelynucleotides which, due to
degeneracy in genetic <oding, comprise variations in
nucleotide seguence as compared to SEQ ID NO: 1, 2, 3, 4, 5,
s, 7, 8, 9%, 10, 11, 12, 13, 14, 15, 16, 17, 18, 1%, 20, 21 or
22 but which eBtill oncode the game protein. The native
protein being detected may be whole, a breakdown product, a
complex of molecules or chemically modified. In the
alternative, what ig meant by CSCG as used herein, means the
native wRNA encoded by a pelynuclectide sequence of SEQ ID HO:
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
1%, 26, 21 or 22, levels of the gene comprising the
polynuelectide sequence of SEQ ID wWo: 1, 2, 3, 4, 5, 6, 7, 8§,
%, 10, 11, 12, 13, 14, 1%, 1&, 17, l&, 1%, 20, 21, oxr 22, or
levels of a polynuclectide which is capable of hybridizing
wnder stringent ceanditions to the antisenee seguence of SEQ
ip ®No: L1, 2, %, 4, 5, &, 7, 8, %, 10, 11, 12, 13, 14, 15, 15,
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17, 18, 1%, 20, 21, or 22. Suab levels are preferably
determined in at least one of cells, tissues and/or badily
floids, including determination of normal and abnormal levels.
Thus, for inetance, a diagnostic assay in accordance with the
invention for diagnosing overexpression of C$G protein
compared to noxrmal control kbodily f£luids, oellsg, or tissue
aamples may be used to diagnose the presence of colon cancer.

A1l the methods of the present inwvention may optionally
include detexrmining the levels of other cancer markers as well
as C5@. Other cancer markers, in addition teo €8¢, useful in
the present invention will depend om the cancer being tested
and ars known to those of gkill in the art.

The pregent invention provides methode for diagnesing
the presence of ¢olon cancer by analyzing for changes in
levels of 086 in cells, tissues or bodily fluids compared with
levels of C53 in cells, tissues or bedily fluids of preferably
the same type from a normal human contrel, wharein an inorease
in levels of €SG in the patient wversus the norwal buman
contrel ig associgted with the presence of colon cancer.

Without limiting the instant invention, typically, for
a quantitetive diagnostic assay & pesitive result indicating
the patient being tested has ocancer is one in which cells,
tissues or bodily fluid levele of the cancer marker, such az
©39G, are at least two times higher, and mogt preferably are
at leact five times higher, than in preferably the same cells,
tissues or bedily fluid of & normal human contxol.

The present invention alsoe provides a methed of
diagnosing metastatic ceclon eancer in a pabtient haviog calon
cancer which has not yet metastasized for the onset of
metastasis. In the method of the present invention, a human
cancer patient suspected of having colon cancer which may have
metastasized (but which was not previcusly known to have
metastagized) is identified. This is acccmplished by a

variety of means known te those of skill in the art.
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In the present invention, determining the presence of
CS@ levels in cells, tissues or bodily fluid, is particularly
nseful for discriminating between colon cancer which has not
metastasized and cclon cancer wWhich has metastasized.
Existing technigques have difficulty discriminating betwesen
colon cancer which has metagtazsized and colon cancer which has
not metastasized and proper tyeatment selection is often
dependent upon such knowledge.

In the present invention, the cancer marker levels
meagured in such cells, tissues or bodily fluid i= C8G, and
are comparad with levels of CBEG in preferably the game cells,
tissue or bodily fluid type of a normal human contrcl. That
is, 1f the cancer marker being observed ig just €85 in serum,
this level is preferably compared with the level of CSG in
serum of a normal human contrel. An increase in the C5G in
the patient versus the nermal human control is associated with
colon gancer which has metastasized.

Without limiting the instant invention, typleally, for
2 guantitative disgnostic assay a positive result indicating
the cancer im the patient being tested or monitored has
metastasized is one in which calls, tissues or bodily fluid
levels of the gancer marker, such as CSE, are at lseast two
times higher, and most preferably are at least five times
higher, than in preferably the same cells, tissues or bodily
fluid of & normal patient.

Normal human control as used herein jncludes a huwan
patient without cancer and/or non cancercus sawples from the
patient; in the methods for diagnosing or monitoring fox
metastagis, normal human control may preferably also include
gamples from a human patient that is determined by reliable
methods to have =clon cancer which has not wetastaslzed.
Staging

The invention alac provides a method of staging colon
cancer in a human patient. The method comprises identifying

a human patient having such cancer and analywzing cells,
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tissues or bodily flnid from such human patient for C8G. The
C53 levels determined in the patient are then compared with
levels of €8G in preferably the same cells, tissues or bodily
fluid type of a normal human control, wherein an increase in
¢8% levels in the human patient versus the normal human
sontrel is zsscciated with a cancer which is pregressing and
a derrease in the levels of CSG (but atill increased over true
normal levels) is associated with a cancer which is regressing
or in remissiocn.
Mopitoring

Further provided is a method of monitoring colon cancer
in a human patient baving such cancer for the onget of
wetastagig. The merhod comprises identifying a human patient
having such cancer that is not known to have metagtasized;
periodically analyzing cells, kissues or beodily flunid from
such human patient for CSG; and comparing the CSG levels
determined in the human patient with levels of ©8G in
preferably the same cells, tissues or bodily fluid type of a
normal human control, wherein an increase in C8G levels in the
human patient versus the normal human zontxel is associated
with & cancer which has metastasized. In this methed, ncrmal
human contrel samples may also include prieor patient samples.

Purther ‘provided by this dinvention is a method of
monitoring the change in stags of celom cancer in a human
patient having such cancer. The method comprises identifying
a human patient having such cancer; periodically analyzing
cells, tissues or bodily fluid from such human patient for
c8@; and comparing the CSG levels determined in the huwan
patisnt with lewvels of CSG in preferably the sawme cells,
tisspues or bodily f£luid type of a normal human control,
wherein an increase in ©8CG levels in the human pabient versus
the normal human control is associated with a cancer which is
progressing in stage and a decrease in the levels of C8G is

asscciated with a cancer which ig regressing in stage or in
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remission. In this method, normal human control samples may
alsc include prior patient samples.

Monitoring a patient for onget of metastasis is periodic
and preferably done on a quarterly basis. However, this may
be done more or leag frequently depending on the cancer. the
particular pakient, and the stage of the cancer.

Prognostic Testing and (linical Trial Moadtoring

The methods described herein can further be utilized as
prognostic assays to identify subjects having or at risk of
gaveloping a disease or disorder associated with increased
levels of CS5G. The present invention provides a method in
which a test sample iz cbtained from a human patient and C5G
ia detected. The presence of higher CSG levels as compared
to normal human controls is diagnostic for the human patisnt
being at risk for developing camcer, particularly colon
canser.

The effectiveness of therapeuntic agents to decrease
expression or activity of the C8@s of the invention can alsa
be monitored by analyzing levels of expressicon of the 08Gs in
a human patient in climical trials or in im vitro screening
assays such as in bhuman cells. In this way. the gene
expression pattern can serve as a marker, indicative of the
physiological reeponse of the human patient, or cells as the
case may be, te the agent being tested.

Detection of genetic lesions or mutations

The methoda of the present invention can also be used
to detect genetic lesions or mutations in CSG, thereby
determining if a human with ‘the genetic legion is at risk for
colen cancey or has colon cancer. Genetic lesions can be
detected, for example, by ascertaining the existence of a
deletion and/or addition and/or substitution of one oY more
nucleotides from the CS@s of this invention, a chromosomal
rearrangement of C8C, aberrant modification of C8G {such as
of the methylation pattern of the gencmic DNA), the presence
of = non-wild type splicing pattern of a mRNA transcript of
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C5G, allslic losg of ©8G, and/or inappropriate post-
translational medification of CSG protein. Methods to detect
such lesions in the CSG of this invention are known to those
of skill in the art.

For example, in one embodiment, alterations in a gene
corresponding to & C56 polynuclectide of the present invention
are determined via iseclation of RNA from entire families or
individual patients presenting with a phenotype of intersst
{such as a diseasa) is be isnlated. cDHA 13 then generated
from these RNA samples using protocsls known in the art. See,
e.g. Sambrook et al. (MOLECULAR CLOWING: A LABORARTORY MANIIAL,
znd Bd., Ceold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.¥. (198%)}, which is illustrative of the many
laboratory manuale that detail these techoigues. The cONA is
then used as = template for BCR, employing primers surrcunding
regions of interest in SEQ ID NO: 1, 2, 2, 4, 5, &5, 7, 8, 9,
1o, 11, 12, 13, 14, 15, 1le, 17, 18, 13, 20, 21 or 22. PCR
conditions typlcally censist of 35 cycles at 95°C for 30
seccnds; B0-120 seconds at 52-5%8°C; and &0-120 seconds at
70°C, using buffer solutionz described in Sidransky, D., et
al., Becience 252: 706 (1891). PCE products are seguanced
uging primers lakeled st their 5' end with T4 polynuclestide
kinase, employing BegquiTherm Polymerase (Bpicentre
Technolegies) . The intron-sxon borders of selected exons are
alsc determined and genomic PCR preducts analyzed to confirm
the results. PCR products harboring suspected mutations are
then cloned and sequenced to wvalidate the results of the
direct seguencing. PCR products are clened inte T-tailed
vectors as described in Holten, T. A, and Grasham, M. W.,
Nucleic Acids Research, 19 ; 1158 (139%1) and seguenced with
T7 polymerase {mited States Biochemical). Affected
individuales are identified by mutations not present in
uwnaffected individuals.

Genomic rearrangements can also be obegerved as a method

of determining alteratiomg in a gene corresponding to a
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polynucleotide. In this method, genomic clones &are mnick-
translated with digoxigenin deoxy-uridine 5'triphosphate
{Boehringer Manheim), and FISH is performed as degcribed in
Johneen, C. et sl., Methods Cell Biol. 35: 732-9% {1991)
Hybridization with a labeled probe is carried out uaing a vast
excesa of human DNA for apecific hybridizatien to the
corresponding genomic locus. Chromosomes are counterstained
with 4,6-diamino-2-phenylidole and propidium iodide, producing
a combination of C-and R-bands. Aligned images for precise
mapping are obtained using a triple-band filter eet (Chroma
Technology, Brattleborc, VI) in combination with a cooled
charge-coupled device camera (Photometrics, Tucsen., AZ) and
variable excikztion wavelength filterg (Johnsom et al., Genet.
anal., Tech. Appl., 8: 75 (1991)). Image collection, analysis
and chromosomal fractional length measurements are performed
using the ISee Graphical Program System (Inovision
Corporation, Durham, HNC). Chromosome alterationg of the
genemic region hybridized by the probe asre identified as
insertions, deletione, and tranglocations, These alterations
are used as @ diagnostic marker for an associated disease.
Assay Technigues

Assay techniques that can be wsed to determine levels
of gene expresgion (inclnding protein levels), such as CSG of
the prezent invention, in a sample derived from a patient are
well known to those of skill in the art. Such assay mechods
include, witheut limitation, radiociuwmuncassays, Treverse
transcriptase PCR (RT-BCR) assays, dmmunchigtochemistry
assays, in situ hykbridization assays, coupstitive-binding
assays, Western Bleot anelyses, ELISA assays and proteomic
approaches: two-dimensional gel electrophoresia (2D
electrophoresis) and non-gel based appreaches such as mass
spectromeLry or protein interzction profiling. Among these,
ELISAs are frequently preferred to diagnose a geme's expresped

protein in biological fluids.
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An ELISA assay initially comprises preparing an
antibody, 3f not readily available from a commercial scurce,
gpecific te C©5G, preferably a monocleonal antibody. In
addition a reporter antibody generally is prepared which binds
specifically to CBG. The reporter amntibody is attached te a
detectable reagent such as radicactive, £flucrescent or
enzymatic reagent, for example horseradish peroxidase enzyme
or alkaline phosphatase.

To carry out the ELISA, antibody specific to C8G is
inoubated on a solld suppert, e.g. a polystyrene @dish, that
binda the antibody. B2Any free protein hinding sites on the
dish are then covered by incubating with a non-specific
protein such as bovine serum albumin. FKRext, the sample to be
analyzed is incubated in the dish, during which time C5Z binds
to the gpecific antibody attached to the polystyrene dish.
Unbound sample is washed out with buffer. A reperter antibody
gpecifically directed to C8G and linked te a detectable
reagent guch ag horseradish peroxidase is placed in the dish
resulting in binding of the reporter antibody to any
monaclonal antibody boond to CEG. Unattached reporter
ankibody 1s then washed out. Reagente for peroxidase
activity, including a colorimetric substrate are then added
to the dish. Immobilized peroxidase, linked to CSG
antibodies, produces a colored reaction product. The amcount
of color developed in a given time period is proporticnal to
the amount of CSG protein pregent in the sample. Quantitative
resulbs typically are obtained by reference to a satandard
curve.

A competition assay can also be empleoyed wherein
antibodies specific to CSG are attached to a solid suppert and
iabeled CSG and a sample derived from the host are passed over
the solid support. The amount of label detected which is
attached to the =olid support can be correlated to a guankbity
of C3G in the sample,
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Using all or & porticn of a mucleic acid seguence of CSG
of the pregent invention as a hybridization probe, nucleic
acid methods can also be used to detect CSG mREKA as a2 marker
for cclon cancer. Polymerase chain reaction (PCR} and other
micleic acid metheds, such as ligase chain reacticn {LCR) and
nucleic acid sequence based amplification (HASBA), can be used
to detect malignant cells for diagnosis and monitoring of
various malignancies. For example, reverse-transcriptase PCR
{RT-PCR) is a powerful technigue which can be usged to detect
the pregence of a gpecific wRENA populaticen in a complex
mixture of thousands of other mRWA species. In RT-PCR, an
TRNA gpecies is first reverse transcribed to complementary DHA
{cDNA) with use of the enzyme reverse transcriptase; the ¢DNA
is then amplified as in a standard PCE reaction. RT-PCE can
thus reveal by amplification the presence of a gingle species
of mRWA. Accordingly, if the mR¥WA ig highly specific for the
cell that produces it, RT-PCRE can be uged to identify the
prasence of a specific type of cell.

Hybridization to clones or cligonuclectides arrayed on
a solid support {i.e. gridding) cam be used to both detect the
expression of and guantitate the level of expresszion of that
gene. In this approach, & cONA encoding the CSG gene iz fixed
to a substrate. The substrate may be of any suitable type
including but not limited to glass, nitrocellulose, nylon or
plastic. At least z portion of the DNA encading the CSG gene
iz attached to the substrate and then incubated with the
analyte, which wmay be BNA or a complementary DNA (cDNA} copy
of the RNA, isolated from the tissme of interest.
Hybridization between the substrate bound DNA and the analyte
can be detected and quantitated by several means including but
not limited to radicactive labeling or fluorescence labkeling
of the analyte or 2 secondary molecule designed to detect the
hybrid. ODunantitation of the level of gene expression can be
done by compariscn of the jntensity of the signal from the

analyte compared with that determined from known standards.
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The standards can be cbtained by in vitreo trenscription of the
target gene, guantitating the yield, and then uzing that
material to generate a standard curve.

Of the protecmic approaches, 2D elechrophoresis is a
technigque well known to those in the art. Isclation of
individual proteins from a sample such as  serum  is
accomplished using sequential separation of proteins by
different characteristics usuzlly on polyacrylamide gels.
First, proteins are separated by size using an electric
current . The current acts uniformly on all proteing, so
gmaller proteing move farther om the gel than larger proteins.
The eecond dimepsion applies a current perpendicular toe the
first and geparates proteineg not on the basis of size but on
the specific electric charge carried by each protein. Since
no btwo proteins with different sequences are identical on the
basis of both size and charge, the result of a 2D separation
is a square gel in which each protein occupies a unigue spot.
Pnalysis ©oF the spots with chemical or antibody probes, or
gubsequent protein microsequencing can reveal the relative
alundance of a given protein and the itdentity of the proteins
in the sample.

The above tests can be carried cut on samples derived
from a variety of cells, bodily fluids and/or tissue extracts
such as howogenates or solubilized tissue cobtained from a
patient. Tiseus extracts are obtainsd routinely E£rom tigsue
biopsy and autopsy material. Bedily fluids useful in the
present inventicn include blood, urine, saliva or any other
bodily secretion or derivative thereof. By blocd it is meant
to include wheole blicod, plasma, serum or any derivative of
blood.

In Vivo Targeting of CSG/Colon Cancer Therapy

Identification of this C5G is algo useful in the
rational design of new therapesutics for imaging and treating
cancers, and in particular colon cancer. TFor exawmple, in cne

enbodiment, antibodies which specifically bind to €3G can be
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raised and used in vivo in patients suspected of suffering
from colon cancer. Antibodies wilch specifically hind C8G can
be injected into a patient gugpected of having cclon cancer
for diagnostic and/or thergpeutic purposes. Thus, ancther
aspect of the present imvention provides for a method for
preventing the onset and treatment of colon cancer in a human
patient in need of such treatment by administering to the
patient an effective amount of antibody. By reffective
amount it is meant the amount or concentration of antibody
needed to bhind to the target antigens expressed on the tumer
to cause kumor ahrinkage for  surgical  removal, or
disappearance of the tumor, The binding cof the antibody to
the overexpressed CSG is believed to cause the death of the
cancer cell expressing such CSG. The preparation and use of
antibodies for in vivo diagnosis and treatment iz well known
in the art. For example, antibody-chelators labeled with
Indjium-111 have been deecribed for use in the
radicimmuncecintographic imaging of carcincembrycnic aptigen
expressing tumors (Sumerdon et al. Mucl. Med., Biecl, 1920
17:247-254) . In particular, these antibody-chelatorg hawve
been uged in detecting tumors in patients suspected of having
recurrent colorectal cancer {(Griffim et al. J. Clin. Onc. 1591
9:631-640}. Antibodies with paramagnetic ions as labels for
use in nagnetic rescmance Imaging have also been described
{Lauffer, R.B. Magnetic Regonance in Medicine 19%1 22:339-
342}, Antibodies diracted against CSG can be used in a
gimilar manner. Labeled antibodies which specifically bind
CS3 can be injected into patients suspected of having colon
cancer for the purpose of diagnosing or staging of the disease
status of the patient. The labsl used will ke selacted in
accordance with the imaging modality to be used. For example,
radicactive labels such as Indium-11l, Technetium-25m or
Iodine-131 can be uzed for planar scans or single photon
emission cowputed tomegraphy (SPECT) . Pogitron emitting

labals such a= Fluorine-19 can be used in positron emisaion
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tomegraphy. Paramagnetic ions such as Gadlinium (ITI) or
Menganese {IT) ¢an be uged in magnetic resonance imaging
(MRI] . pregence of the label, as compared to imaging of
normal tissue, permits determinaticn of the spread of the
¢ancer. The amount of label within an crgan or tissue also
allows determination of the presence or absence of cancer in
that organ or tissue.

Entibodies which can be used in im vivo wethods include
polyclonal, moncolonal  and  omnicleonal  antibodieg and
antibodies prepared wia molecular biolegy bechniques
Antibody fragments and aptamers and gingle-stranded
oligonuscleotides such as those derived from an in vitro
evolution protocol referred to as SELEX and well knewn to
thoge skilled in the art can also be used.

Screening Assays

The present invention also provides wethods for
identifying modulators wbich kind to CSG protein or have a
modulatory effect on the expression or actiwvity of 30
protein. Modulators which decrease the expression or activity
of CBG protein are believed to be useful in treating colon
cencer. Such screening assays are known to those of skill in
the art and include, without limitation, cell-based assays and
cell free assays.

small molecules predicted via computer imaging to
especifically hind to regions of 08§ can also be designed,
synthesized and tested for use in the imaging and treatment
of colon cancer. Purthar, libraries of molecules can be
scresned for potential anticancer agents by asseseing the
ability of the mclecule to bind to the CsGe identified herein.
Molecules identified in the library as being capable of
binding to CSG are key candidates for further evaluation for
use in the treatment of colen cancer. In 7 preferred
embodiment, theae molecunles will downregulate expression

and/cr activity of C8G in cells.

JP 2004-510408 A 2004.4.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(89)

WO 0192528 POTIUSOLATSHS

10

15

29

25

30

35

- 38 -

Adoptive Immunotherapy and Vaccineg

Adoptive immunotherapy of cancer refers Lo a therapevtic
approach in which immune c¢ells with an antitumor reactivity
are administered to a tumor-bearing hest, with the aim that
the cells mediate either airectly or indirectly, the
regression of an  established  tumor. Transfusion of
lymphooytes, particularly T Ilymphecytes, falls into this
category and investigators at the National Cancer Institute
(NCI) have used auntologousg reinfusgion of peripheral blood
lymphocytes or tumor-infiltrating lymphogoytes (TIL}, T cell
cultures from biopesies of subcutaneous lymph nodule=, to treat
several human ceancers (Rosenherg, £. A., U.2. Patent Ho.
4,690,914, ismsued Sep. 1, 19%B7; Rosenberg, S. A., et al.,
1888, M. England J. Med. 219%:1676-1680) .

The prssgent invention relates to compositicms and
methods of adoptive immunotherapy for the prevention and/or
treatment of primary and metastatic celon cancer in humans
using macrophages sensitized to the antigenic C56 molecules,
with or without non-covalent complexes of heat shock protein
{hap). Antigenicity or immunogenicity of the CS5G is readily
confirmed by the abkbility of the (5@ protein or a fragment
thereof to raise antibodiea or educate naive effector cells,
which in turn lys=e target cells expressing the antigen (or
epitope) .

Cancer cells are, by definitiom, abnormal and contain
proteins which should be recoguized by the immune system a3
foreign since they are nob present in normal tigsues. Howsver,
the immune system often seemg to ignore this abneormality and
faile to attack tumors. The foreign CSG proteins that are
produced by the cancer cells can be used to reveal their
presence. The CSG is broken into short fragments, called
tumor antigens, which are displayed on the surface of the
cell. These tumor antigeng are held or pregented on the cell
surface hy molecules called MHC, of which there are Ltwo types:

clase T and II., Tumor antigens in association with MHC class
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I molecules are reccgnized by cytotoxic T cells while antigen-
MHC class II cowmplexes are recognized by a second subset of
T cells called helper cells. These cells secrete cytokines
which slow or stop tumor growth and help ancther type of whice
blood cell, B cells, to make antibodies against the tumor
cells.

In adoptive immunotherapy, T cells or other antigen
presenting cells (APCs} are stimulated outside the body (ex
vive), using the tumor specific CSG antigen, The stimulated
cells are then reinfused into the patiant where they attack
the cancerous cells. Eeeearch has shown that using both
cytotoxic and helper T cells is far more effective than using
either subset alone. additionally, the (86 antigem may be
complexed with heat shock proteins to stimulate the APCE as
described in U.S. Patent No. 5,985,270,

The APCs can be selected from among those antigen
presenting cells known in the art including, but not limited
to, macrophages, dendritic eells, B lymphocytes, and a
combination thereof, and are preferably macrophages. 1In a
preferred use, wherein cells are autclogous to the ipdividual,
autologous immune cells such ag lymphooytes, macrophages or
other APCs are used to circumvent the issue of whom to select
as the donor of the immune cells for adoptive transfer.
another problem circumvented by use of antcleogous immune cells
is graft wversus hoet disease which <an be fakal if
unsuccessfnlly treated.

In adoptive immuanctherapy with gene therapy, DNA of the
C8G can be introduced into effector cells similarly as in
conventicnal gene therapy. This cap enhance the cytotoxicity
of the effector cells to tumor <ells as they have been
manipulated to produce the antigenic proteln resulting in
improvement of the adoptive immunotherapy.

C8G antigens of thie invention are alsc useful as
components of ¢olen cancer vaccines. The vaccine comprises

an immunogenically stimulatory amount of a C3G antigen.
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Immunogenically stimulatory amount refers to that amount of
antigen that is able to invoke the desgired iwmune response in
the recipient for the amelicration, or treatment of colon
cancer., Effective amountg may be determined empizically by
standard proceduvres well known to those skilled in the art.

The CSG antigen may be provided in any cne of a number
of wvaccine formulations which are degigned te induce the
desired type of immune response, e.g., antibedy and/or cell
mediated. Such formulaticns are known in the art and include,
but are net limited to, formulationg such as those described
in U.5. Patent 5,585,103. Vaccine formulations cf the present
invention used to stimulate immune responses can alsc include
pharmaceutically acceptable adjuvants.

Vectors, hoat cella, expression

The present invention also relates to wvectors which
include polynuclestides of the prespent invention, host cells
which are genetically ehgineesred with vectors of the invention
and the production of polypeptides of the invention by
recombinant techniques.

Host cells can be genetically engineered to incorporate
CEG polynucleotides and express CSG polypeptides of the
present invention. For instance, CSG polynuclectides may be
introduced into host cells using well koown technigues of
infection, transduction, transfection, transvaecticn and
transformation. The €8¢ polynuclectides may be introduced
alone or with  other polynucleotides, Such  other
polynuclectides may be introduced independantly, co-introduced
or introduced djoined to the C5G polynuclectides of the
inventicn.

For example, C8G polynuclectides of the inventicn may
be transfected into host cells with another, eeparate,
polynuclectide encoding a delectable marker, using standard
techniques for ¢o-tranpfection and selsctien in, for instance,
mammalian cellg. In this case, the polynucleotides generally

will be stably incorporated into the host cell genome.
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Alternatively, the €S2 polynuclectide way be joined to
a vector containing a selectable marker for propagation in a
host, The vector congtruct may be introduced intc host cells
by the aforementioned techniques. Generally, a plasmid vector
is introduced as DNA in a precipitate, such as a calcium
phosphate precipitate, or in a complex with & charged lipid.
Electroporation also may be wused to introduce Q3G
polynuclectides into a heost. If the vector is a viruz, it may
be packaged im vitro or introduced into a packaging cell and
the packaged virie may be transduced inte wells, A wide
wvariety of well kmown technigues conducted routinely by those
of skill inm Gthe art are suitable for making CEG
polynuclecotides and for introducing CSG polynuclectides into
cells in accordance with this aapect of the invention. Such
tachnigues are reviewed at length in reference texte such as
Sambrook et al., previcusly cited herein.

Vectors which may be unsed in the pressent jpvention
include, for example, plasmid vectors, single- or double-
stranded phage vectors, and gingle- or double-stranded RNA or
DNA viral veckors., Such vectorg may be introduced into cells
ag polynucleotides, preferably DNA, by well known techniques
for introducing DWA and ENA into cells. The vectors, in the
case of phage and viral vectors, also may be and preferably
are introduced into cells as packaged or encapsidated virus
by well known techniques for infection and transduction.
Viral vectors may be replication competent or replication
defective. In the latter case -viral propagation generally
will occur only in complementing host cells.

Preferred vectors for expression of polynuclestides and
polypeptides of the present invention ineclude, but ars not
limited to, vectors comprising cis-acting control regions
effective for expression in a host operatively linked to the
polynucleotide to be expressed. Appropriate trang-acting
factors either are gupplied by the host, supplied by a
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complementing vector or supplied by the wvector itself upon
intreduction inte the host.

In certain preferred embodimenta in this regard, the
vectors provide for gpecific expressiom. BSuch specifiec
expredgion may be inducible expression or expression only in
certain types of cells or both inducible and cell-specific.
Particularly preferred among inducible vectors are vectors
that can he induced tc express by envircumental factors that
are easy to manipulate, such as temperatbure and nutrient
additives. A varisty of vectors suitable to thie aspect of
the lmvention, including constitutive and induecible expression
vectors for use in prokaryotic and eukaryctic hests, are well
known and employed routinely by those of skill in the art.

The engineersd host cells can be cultured in
conventicnal nutrient media which may be modified as
appropriate for, inter alia, activating promoters, selecting
transformante or amplifyving genee. Culture conditicns such
ag temperature, pH and the like, previously used with the host
cell selected for expression, generally will he aunitable for
expression of CSG polypeptides of the present invention.

& great varieby of expression vecters can be used to
express CSG polypeptides of the invention., Such wvectors
ineclude chronosomal, episomal and virus-derived wvectors.
Vectors may be derived from bacterial plasmids, £rom
bacteriophage, Erom yeast episomes, from yeast chromoscmal
elements, from virusesg such ag baculoviruses, papova viruses,
such as B8V40, vaccinia wviruses, adesnoviruses, fowl pox
viruses, pseudorables wviruses and retroviruses, and from
combinations thereof such as those derived from plasmid and
bacteriophage genetic elements, such as coswmlds and phagemids.
Al11 may be used for expreasion in accordance with this aspect
of the present jnventicn. Generally, any wvector suitable to
maintain, propagate or express polynucleotides to express a
polypeptide in a host may be used for expression in this

ragard.
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The appropriate DNA seguence may be inserted into the
vector by any of a wvariety of well-known and routine
technigues. In general, a DNA seguence for expression is
joined to an expression vector by cleaving the DNA sequence
and the expression wvector with one or more restriction
endonucleases and then Jjoining the restricticn fragmente
together using T4 DNA ligase, Procedures for restriction and
ligation that can be used to thig end are well known and
routine to those of skill. Suitable procedures in this
regard, and for constructing expression vectors using
alternative technigues, which also are well known and routine
to these skill, are set forth inm great detail in Sambrook et
al. cited elsewhere herein.

The DNA sequence in the expression vector is operabively
linked to appropriate expressiom control eeguence(s),
including, for instance, a prometer to direct mREA
transcription. Representative promoters include the phage
lambda PL promoter, the F. coli lac, trp and tac promcters,
the SV40 early and late promoters, and premoters of retroviral
LTR5, to name just a few of the well-known promoters. It will
be understood that numerous promcoters nok mentioned are also
suitable for use in this aspect of the invention and are well
known and readily may be employed by those of skill in the
mamner illustrated by the discussion and the examples herein.

In general, expression constructs will contain sites for
tranecription initiation and terminaticen, and, in the
transcribed regicn, a ribosome binding sibte for translabtion.
The coding portion of the wature transcripts expressed by the
constructs will include a translation initiating AUG at the
beginning and a2 termination codon appropriately positicned at
the end of the polvpeptide to be translated.

In addition, the constructs may contain control regicns
that regulate as well as engender ewpression. Generally, in

accordance with many commonly practiced procedurss, such
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regions will operate by controlling transcriptiom, such as
repressor binding sites and enhancers, among others.

vectore for propavaticn and expression generally will
include selectable markers. Such markers alsc may be guitable
for amplification or the wectors may c<ontain additional
markers for this purpose, It this regard, the expression
vactorsg preferably contain one or more selectable marker genes
to provide a phenotypic trait for selection of transformed
hogt cells. Preferred narkers include dihydrofolate reductase
or neomycin resistance for eukaryotic cell culture, and
tetracycline or ampicillin resietance genes for culturing in
E. ccli and other bacteria.

The wvector containing the appropriabte DNA sequence ag
described elsewhere herein, as well as an appropriate
promoter, and other appropriate control sequences, may be
introduced into an appropriate host using a variety of well
known technigues suitable to expression therein of a deesired
pelypeptide. Representative examples of appropriate hosts
include bacterial cells, such as E. coli, Streptomyces and
Salmonella typhimuriuvm cells; fungal ¢ellas, such as yeast
cells; insect cells such as Drosophila 82 and Spadoptera SI9
cells; animal cells such as CHC, COS and Bowes melanoma cells;
and plant cells. Hosts for a great variety of expression
constructs are well known, and those of skill will be enabled
by the present disclosure readily to select a host for
expressing a C8G pclypeptide in accordance with this aspect
of the present invention,

More particularly, the pregent invention also includes
recombinant constructs, such as expression constructs,
canmpriging one or more of the seguences described above. The
constructs comprise a vector, such as a plasmid or viral
vector, into which such CSG seguence of the invention has bheen
inserted. The gequence may be ingerted in z forward or
reverse orientation. In certain preferred emboediments in this

Tegard, the construct further comprises regulatory sequences,
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including, for example, a prowoter, operably linked to the
sequence, Large numberg of guitable wectors and promoters are
known to those of ekill in the art, and there are many
commercially available vectors suitable for use in the present
invention.

The following vecters, wilch are commercially available,
are provided by way of example. Among vectors preferred for
use in bacteria are pQE70, pREED and PUE-2, available from
Qiagen; pBS vectors, Phagescript vectors, Bluescript vectors,
pNHBA, pNH16a, pNHLSR, pNH4ER, available from Stratagene; and
ptrcoga, pKK223-3, pKK233-3, pDRS540, pRITS available from
Pharmacia. Among preferred eukaryctic wvectors are DPWLNEC,
DEVICAT, pCE44, pxXTl and psSd available from Stratagene; and
pSVK3, pEPV, pM3G and pS8VL available from Phaxmacia. These
vectors are listed solely by way of illustration of the many
commercially available and well known wvectors that are
available to those of skill in the art for use in accovdance
wikh thig aspect of the present imvention. It will be
appreciated by those of gkill in the art upon reading this
disclsoure that any other plasmiéd or wvector suitable for
introduction, wmaintenance, propagation and/cr expresgion of
3 CSG polynucleotide cor polypeptide of the invention in a host
may be used in this aspect of the invention.

Promoter regions can be selected from any desired gene
using vectors that contain a reperter transcription wnit
lacking a promoter region, such as a chloramphenicol acetyl
transferase ({"cat®) transcription unit, downstream of a
restriction gite or sites for intreducing a candidate promoter
fragment; L.e., a fragment that may contain a promoter. As
ig well known, introduction inte the vector of a promoter-
containing fragment at the restriction 2ite upstream of the
cat gene engenders production of CAT activiby detectable by
gtandard CAT aggays, Vectors suitable to this end are well
kanown and readily available, Two such vectors are pKK23z-a

and  pCM7. Thus, promoters for expression of  C€2G
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polynucleotides of the present invention include, not only
well known and readily available promoters, but also prometers
that readily way be obtained by the foregoing technigue, using
a reporter gene.

Among known bacterial promoters suitable for expression
of polvnuclectides and polypeptides in accordance with the
present invention ars the #., ccli laci and lac?% promoters, the
T2 and T7 prowmotere, the gpt promoter, the lambda PR, PL
promoters and the trp promoter. BAmong known eukaryotic
promoters suitable in this regard ars the CMV immediate esarly
promoter, the HSV thymidine kinase promoter, the early and
late SV40 promoters, the promoters of retroviral LTRs, such
@3 thoze of the Rous sarcoma virus ("REVH) and
metallothionein promoters, such as the mouse metallothionein-T
promotear .

Selection of appropriate wvectors and promcters for
expressicn in a host cell is a well known procedure and the
raquisite technigues for expression vector construction,
introducrion of the vector into the host and expression in the
host are routine skills in the art.

The present invention zlsc relakes to host cells
containing the above-described comstructg. The host cell can
be a higher eukaryotic cell, such as & mammalian cell, or a
lower eukaryctic cell, such as a yeast cell. Altermabively,
the host cell can be a prokaryotic cell, such ae a bacterial
cell.

Introduction ¢f the congiruct into the host cell can be
effected by calceium phosphate transfection, DEAE-dextran
mediated transfection, cationic lipid-mediated transfectiom,
elactroporation, transduction, infection or other meihods.
Such methods are described in wany standard laboratory
manuwals, such as Davis et al. BAJSIC METHODS IN MOLECULAR
BIOLOGY, (1986).

Censtyuctzs in host cells can be used in a conventional

wanner to produce the gene product encoded by the recombinant
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gequance. Alternatively, CSC polypeptides of the invention
can be gynthetiecally produced by conventional peptide
synthesizers.

Makbure probeing can be expressed in mammalian celis,
yveaet, bacteriaz, or other cells under the contrel of
appropriste promoters. ¢ell-free translation systems can also
he employed to preduce such proteins using RiAs derived from
the DNA constructs of the present invention.  Appropriate
cloning and ewpression vectors for use with prokaryctic and
eukaryotic hosta are described by Sambrook et al. cited
elsewhere herein.

Generally, recombinant expresgsicn vectors will incluvde
arigins of rveplication, a promoter derived from a highly-
expressed gene o direck transeription of a downstream
structural esequence, and a selectable marker to permit
isolation of wvector contaipning celle after exposure to the

vector. 2mong suitable promoters are those derived from the

'genes that encode glycolytic  enzymes such a3 3-

phosphoglycerate kinase {"PGK"}, a-factor, acid phesphatase,
and heat shock proteins, ameng others. Selectable wmarkers
include the ampicillin resistance gene of E. <¢oli and the trpl
gene of §. cersvigiae.

Transcription of DNA encoding the CS5G polypeptides of
the present invention by higher eukaryotes may be increased
by inserting an enhancer sequence into the vector. Enhancers
are cis-acting elements of DNA, usually about from i¢ to 300
base paire (bp) that act to increase transcriptional activity
of a promoter in a given host cell-type. Exampleg of
enhancers include the SV40 ephancer, which is located on the
late gide of the rveplication origin at bp 100 to 270, the
cytomegalovirus early promoter enhancer, the polyoma enhancer
cn the late gide of the replication crigin, and adencvirus
enhancers.

A polynucleotide of the present inventicn, encoding a
heterclogous structural eeguence of a C5G polypeptide of the
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present invention, generally will be inserted into the vector
using standard techniques so that it is operably linked to the
promoter for expresgion. The polynucleotide will be
pasitioned so that the transcripbticn start site is located
spproprliately 5' to a ribopome binding site. The ribosome
binding gite will be S' to the AUS that initiates translation
of the polypeptide to be expressed. Generally, there will be
no other cpen reading Irames that begin with an inicviarion
codon, usuwally AUG, lying between the ribosoma binding site
and the imitiating AU3. Alsc, generally, there will be a
translation stop codenl at the end of the polypeptide and there
will bke a polyadenylabicn signal and a transcription
terminaticn signal appropriately disposed at the 3' end of the
tranacribed region.

Appropriate secretion signals may be incorperated inte
the expressed polypeptide for secretion of the translated
protein inte the Iumen of the endoplasmic zeticulum, into the
periplasmic space ¢r intec the extracellular emvircoment. The
signals may be endogenoug to the polypeptide or they may be
heterclogons signals.

The pelypeptide may be expregsed in a nmodified form,
such as a fusion protein, and may include not only secretion
sigmals but alec additional beterologous functional regicne.
Thus, for imstauce, a region of additienal amino acids,
particulariy charged amino acids, may be added to the HN-
terminus of the polypeptide to dmprove stability and
persistence in the host cell during purifivation oxr during
subsequent handling and storage. 2 region also may be added
to the polypeptide to facilitate purification. Such regicns
may be removed prior to final preparation of the polypeptide,
The addition of peptide moieties to polypeptides to engender
secretion or excretion, to improve stability and to facllitate
purificatieon, among others, are familiar and routine

technigues in the art.
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suiteble prokaryotic hosta for propagaticn, maintenance
or expresgion of CSG polynucleotides and pelypeptides in
accordance with the invention include Escherichia coli
Bacillus subtilis and Salmonella typhimurium. Various speciesg
of Peeudomounas, Streptompces, and Staphylococeus are suitable
hosts in this regard. Many other hosts also knowm to those
of skill may also be employed in bthis regard.

As a representative, but non-limiting example, useful
expression vectors for bacterial use can comprise a gelactable
marker and bacterial origin of replication derived from
commercially available plasmids comprising genetic elements
of the well known cloning vector pBR3Z2. Such commercial
vectors include, for example, pKR223-3 (Pharmacia Fine
Chemicals, Uppsala, Sweden) and GEM1 {Promega Biotec, Madiscn,
Wis,, USA). These pBR322 “backbone® mecticns are campined
with an appropriate promoter and the structural sequence te
be exprassed. Following transformation of a suitsble host
strain and growth of the host strain to an appropriate cell
density, where the selected promoter ig inducible it is
induced by appropriate means {e.g,, temperature shift or
expogure to chemical inducer) and cells are cultured for an
additional peried. Cellg typically then are harvested by
centrifugation, disrupted by physical or chemical means, and
the resulting crude extract retained for further purificaticn.
Microbial celle employed in expression of proteins cen be
diarupted by any convenient wethod, including freeze-thaw
cycling, scnication, wechanical digruption, or use of cell
lysing agents, such methods are well know to thoge skilled in
the art.

Varicus mammalian cell culture systems can be employed
for exprasaion, as well. An exemplary mammalian expression
systems is the C0S-7 line of wonkey kidney f£ibroblasts
described in Gluzman et al., Cell 23: 175 (1341). Other
mammalian c¢&ll lines copable of expressing a compatible vector

include for example, the C127, 373, CHO, HeLa, human kidney
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223 and BEE cell lines. Mammalian expreseicon vectors
comprise an origin of replication, a suitable promoter and
enhancer, and any ribosome binding sites, pelyadenylation
sites, splice doncr and acceptor sites, transcriptional
termination geguences, and &' flanking non-transcribed
asequences that are necessary for expression. In certain
preferred embodiments in this regard DHA sequences derived
from the 5V40 splice sites, and the SV40 polyadenylation sgites
are used for reguired pon-transcribed genetic elements of
these typas.

CSG polypeptides can be recoversed and purified from
recombinant cell cultures by well-known metheds including
ammeonium gulfakte ¢r sthanol precipitation, acid extraction,
anien or cation exchange chromatography, pbosphocellulose
chromatographly, hydrophobic interaction chromatography,
affinity chromatography, hydroxylapatite chromatography and
lactin chromatography, Mcst preferably, high pexformance
ligquid chromatography (MPHPELC') is euployed for purification.
Well known technigues for refolding proteing may be employed
to regenerate active conformation when the polypeptide is
denatured during lsolation and or purification.

©8G polypeptides of the pregent invention include
naturally purified products, products of chemical synthetic
procedures, and products produced by recombinant techniques
from a prokaryotic or eukaryotic host, including, for sxample,
bacterial, yeast, higher plant, insect and mammalian cellsg.
Depending vpon the host employed in & recombinant production
procedure, the CSG polypeptides of the present invention may
be glycoeylated or may be non-glycesylated, In addition, C8G
polypsptides cof the invention way alsgc include an initial
modified methicnine residue, in sowe cases as a result of
host-mediated processes.

€85G polynuclectides and polypeptides may be used in
accordance with the preeent invention for a variety of

applicationg, particularly those that make uss of the chemical
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and biclcgical properties of the Cs8Gs. Additional
applications relate to diagnosis and to treatment of dizorders
of cells, tissues and organisme. Thege aspects of the
invention are illustrated further by the following discussion.
Polynucleotide assays

As discussed in some detail supra, this invention is
also related to the wnse of 056 polynuglecotides to detect
complementary pelynuclectides such as, for example, as a
diagnostic reagent., Detegtion of a mutated form of CS@
agsociated with a dysfunction will provide a diagnostic tool
that can add to or define a disgnosis of a disease or
susceptibility to a digease which resulis from under-
expression, over-expression or altered expression of a C8G,
such ag, for exawmple, a susceptibility to inherited colon
cancer.

Individualg carrying muetations in a2 human C3G gene may
be detected at the DNA level by a variety of technigues.
Nucleic acida for diagnosis may be obtained from a patient's
cells, such as from blood, urine, zaliva, tissue biopsy and
autopsy material. The genomic UNA may be used directly for
detection or may be amplified enzymabically using PCE prior
ko analysis{Saiki et al., Nature, 324: 163-166 {1986)). RNa
or cDNA may also be used in a similar manner. Asg an example,
PCR primers complementary to a CSG polynuclectide of 3EQ ID
No: 1, 2, 3, 4, &, 6, 7, &, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 1%, 20, 21 or 22 can be used to identify and analyze CEQ
eypression and mutations. For example, deletions and
ingerticns can be detected by a change in size of the
amplified product in comparison to the normal genotype. Foint
mutations can be identified by hybridizing amplified DNA to
radiclabeled (€8¢ EREA or =slternatively, radiclabeled CSG
antigense DNA sequences. Perfectly matched sequences can be
diagtinguished from mismatched duplexes by RNase A digestion

or by differemnces in melting temperakures.
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Sequence differences between z reference gene and genes
having mutations alse wmay be revealed by direct DNA
gequencing, In addition, clopoed DNZ segments may be employved
as probes to detect specific DNA gegments. The sensitivity
of such methods can be greatly enhanced by appropriate uese of
PCR or another amplification method. For example, a
sequencing primer is used with double-stranded PCR product or
a single-stranded template molecule generated by a modified
PCR. The seguence determinagtion is perfomned by conventional
procedures with radiclabeled mnuclectide or by automatic
sequencing procedures with fluorescent-tags.

Genetic testing based on DNA seguence differences may
be achieved by detection of alterationg in electrophoretic
mopility of DNA fragments in geleg, with or without dematuring
agents. &wmall sequence deletions and insertions can be
vimualized by high resolution gel electrophoresis. DNA
fragments of different sequences way be distinguished on
denaturing formamide gradient gels in which the wmeobilities of
different DNA fragments are retarded in the gel at different
positions according to their specific melting ov partial
melting temperaturss (eee, e.g., Myers et al., Science, 230:
1242 (1%85}).

Sequence changes at specific locations also may be
revealed hy nuclease protecticn assays, such as EWasge and 51
protection or the chemical cleavage method t(e.g.., Cotton et
al., Proc. Watl. Acad. Scil,, USA, 85: 4397-4401 {1285)).

Thus, the detection of a specific DNA sequence may be
achieved by methods such as hybridization, RNase protection,
chemical cleavage, direct DNA sesquencing or the use of
restriction enzymes, (e.g., vrestriction Ifragment length
polymorphisms (“"RFLP") and Scuthern blotting of genomic DNA.
In addition to more conventicnal gel-electrophoresis and DNA
sequencing, mutations alss can be detected by in situ

apalysis.
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Chromeosome assays

The C8C sequences of the presgent invention are alse
valuable for chromogome identification. There is a need for
identifying particular sites on the chromosome and few
chromosome marking reagents based on actual sequence data
{repeat polymorphisms! are presently available for marking
chromosomal location. Each (86 aequence of the present
invention is specifically targeted to and can hybridize with
a particular location on an individual human chromosoms.
Thus, the CSGs can be uged in the mapping of DHRs to
chromoscmes, an important first step in correlating seguences
with genes associated with disease.

In certain preferred embodiments in this regard, the
¢DNA herein disclosed is used to clone genomic DNA of a CSG
of the present invention. This can be accemplished using a
variety of well known technigues and libraries, which
generally are available commercially. The genomic DNA is used
far in situy chromosome mapping using well known technigues fox
this purpose.

In some cases, Sequences ¢an be mapped to chromosomes
by preparing PCR primers (preferably 15-25 bp) from the cDWA,
Cemputer analysis of the 3' untranslated region of the gens
is used to rapidly select primers that do not span more than
one exon in the genomic DN&, thus complicating the
amplification proceas. These primers are then used for BCR
screening of somatic cell hybrids containing individual human
chromosomes , only those hybrids containing the human gene
corrasponding to the primer will yield an amplified fragwent.

DCR mapping of scwmatic cell hybrids is a rapld procedurs
for assigning a particular DNA to a particular chromosome.
Using the present invention with the sawme oligonucleotide
primers, sublocalization can be achieved with panels of
fragments from specific chromosomes or poole of large genomic
clones in am analogous manner. Other mapping strategies that

can similarly be used to map to its chromcsome include in situ
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hybridization, prescreening with  labeled  flow-sorted
chromosomes and preselection by hybridization to construct
chromosome epecific-cbDNA libraries.

Pluoregcence in situ hybridization (YFISH") of a cDNA
clone to a metaphsse chromosomal spread can be used to provide
a precise chromosomal location in one step. Thie technigue
can be used with cDNA as short as S0 or €0 bp. This technigue
is described by Verma =L al. [(HUMAN CHROMOSOMES: A MANUAL OF
BASIC TECHWIQUES, Pergamon Presd, New York {1388):.

Once a sgequence hag been mapped to a precise chromosomal
location, the physical position of the geguence on the
chromogome can ke correlated with genetic map data. Such data
are found, for example, in V. McKusick, MENDELIAN INHERITANCE
IN MAN, available on line through Johns Hopkins University,
Welch Medical Library. The relationship between geneg and
digeasee that have been mapped bto the same chromoscmal region
are then identifi=d through linkags analysis (coinheritance
of physically adjacent genes).

Next, it is necesaary to determine the differences in
the ¢DNA or genomic sequence between affected and unaffected
individuals. 1If a2 mutation is observed in some or all of the
affected individuals but not in zny normal individuzls, then
the mntation i3 likely to ke the causative agent of the
disease.

With current resolution of physical mapping end genetic
mapping technicues, a cDNA Dprecisely localized to =&
chromoczomal region adscciated with the disease could be one
of between 50 and 500 potential causative genee  (This assumes
1 megabase mapping rescluticn and one gene per 20 kb).
Folypeptide assays

As deegcribed in some detail supra, the present invention
alse relates to diagmostic assays such as quantitative and
diagneatic aesays Eor detecting levels of CSG palypeptide in
cells and tissues, and biological fluids such as klood and

urine, including determination of normal and abnormal levels,
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Thus, for instance, & diagnostie assay in accordance with the
present invention for detecting over-expression or under-
expression of a C8G polypeptide compared to normal control
tigsue sawplez wmay be used to detect the presence of
neoplasia. Assay technigues that can be used to determine
levels of a protein, such as a (5% polypeptide of the present
invention, in a sample devived from a host are well-known to
thogse of skill in the art, Such agsay methods include
radiolmmuhocassays, competitive-binding assays, Westernm Blot
analysis and ELISA assays. Amcng these ELISAs frequently ars
preferred,

For example, antibody-sandwich ELISAs ars used to detect
polypeptides in a sample, preferably a bioclogical sample.
wells of a microtiter plate are cozted with specific
antibodies, at a final concentratiom of 0.2 te 10 pg/ml. The
antibodies are either monoclenal or polyclenal and are
produced by metheds as described herein. The wells are blocked
86 that ncon-specific binding of the polypeptide to the well
is reduced. The coated wells are then incubated for » 2 hours
at room temperature with &a sample ¢ontaining the CSG
polypeptide. Praferably, serial dilutions of the sample
should ke used toe validate results. The plates ars then
washed three timee with deionized or distilied water to remove
unbounded polypeptide. Next, 50 pl of specific antibedy-
zlkaline phosphstase conjugate, at a concentration of 25-4040
ng, ig added and incubated for 2 hours at room temperature.
The plates are agaln washed three times with deionized or
distilled water to remove unbounded conjugate. 4-
methylumbelliferyl phosphate (MUP)} or p-nitrophenyl phosphate
{(NPP} substrate solution (75pl) is then added to sach well and
the plate is incubated 1 hour &t room temperature, Tha
reaction is measured by a microtiber plate reader. A standard
curve ig prepared using serial dilutions of & control sample,
and polypeptide concentration is plotted on the X-axis (log

scale) while flucrescence or sbksorbance is pletted on the ¥-
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axis {linear scale). The concentration of the (3G polypeptide
in the sample is interpclated using the standard curve,
Antibodies

As digcussad in some detall supra, C5G polypeptides,
their fragments or other derivatives, or analegs thereof, or
cells expresgsing them can e uged as an immuncgen to produce
antibodies thereta., These antibodies can be polyclonal ox
moneclonal antibedies. The present inventicon alsc includes
chimeric, single chain, a2nd humanized antibodies, as well as
Faby Fragments, or the product of an Fab expressicn library.
Various procedurss known in the art may be used for the
production of such antibodies and fragments.

A variety of methods for antibody production are sst
forth in Current Protocols, Chapter 2.

For example, cells expressing a CEG polypeptide of the
present invention can be adminigtered te an animal te induce
the production of sera containing polyclonal antibodies. In
a preferred wethod, a preparation of the secrered protein is
prepared and purified to render it substantially free of
natural centaminants. Thi2 preparation is then introduced
into an animal in order to produce polyclenal antisera of
greater specific activity. The antibedy obtained will bind
with the CSCG polypeptide itpelf. In this mamnney, sven a
sequence encading cnly & fragment of the CSG polypeptide can
be used to generate antibodies binding the whole native
polypeptide. Such antibodies can then be used to isclate the
08¢ polypeptide from tiesue expressing that CSG pelypeptide.

Alternatively, monoclomnal antibodies can be prepared.
Examplea of technicues for production of menoclonal antibodies
include, but are not limited to, the hybridoma technigue
{Kohler, 6. and Milstein, C., Wabure 256: 485-4%7 (1875), the
triowma techmigque, the human B-cell hybridoma technique (Kozbar
et al,, Immunology Today 4: 72 (1983) and (Cole =t al.. pg.
77-96 in MONOCLONAL ANTIBODIES AND CANCER THERAPY, Alan R.
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Liss, Inc. ({1585). The BBV-hybridoma technigue is useful in
production of human monoclonal antibodies.

Hybridoma technclogies have also heen desgcribed hy Khier
et al. (Bur, J, Tomunol. &: 511 (19%7&}) Khler et 21. (Bur.
J. Immunol. &: 292 {1976)) and Hammerling et al. {in:
Monoclonal 2ntibodies and T-Cell Hybridomas, Elsevier, N. Y.,
Bp. 563-681 (L1981)}. In general, such procedures involve
imminizing an animal {preferably a wouze) with CS3 polypeptide
or, more preferably, with a =secreted CS5G polypeptide-
expresesing cell. Such cells may be cultured in any suitable
tissue culture medium: however, it is preferable to culture
cells in Barle's modified Eagle's medium supplemented with 10%
fetal bovine serum (imactivated at about B5Be°C), and
supplemented with about 10 g/l of nonessential aminc acids,
about 1,000 U/ml of peniecillin, and about 2100 pg/ml of
atreptomycin. The splenocytes of such mice are extracted and
fused with a suitable myeloma cell line. Any suitable wyeloma
cell line may be employed in accordance with the present
invention; however, it is preferable to employ the parent
myeloma cell line (8P2D), available from the ATCC. RAfter
fugion, the resulting hybridoma cells are selectively
maintained in HAT medium, and then cloned by limiting dilution
as described by Wands et zl. (Gastroenteroleogy 80: 225-232
{1981).}. The hybridowa cells cbtained through such =
selection are then assayed to identify clones which secrete
antibcdies capahle of binding the polypeptide.

Alternatively, sdditicnal antibodies capable of binding
to the polypeptide can be preduced in a two-step procedure
using anti-idicotypic antibodies, Such a method makes use of
the fact that antibodies are themselves antigens, and
thersfore, it is possible to obtain an antibody which binds
to & second antibody. In accordance with this method, pretein
specific antibodies are uged to immunize an animal, preferably
& mouge. The splenocytes of such an animal are then used to

produce hybridoma cells, and the hybridoma cells are screened
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to identify clones which produce an antibedy whose ability to
bind to the protein-specific¢ antibody can be blocked by the
polypeptide, Such antibodies comprise anti-idiotypic
antibodies te the protein specific antibody and can be used
to immunize an animal to induce formation of further protein-
specific antibodies.

Teclmigues described for the production of single chain
antibodies (U.S. Patent 4,9%46,778) can alzc be adapted to
produce gingle chain antibodies to immunogenic pelypeptide
products of thig invention. Alsc, tranegenic mice, as well
as other nonhvman transgenic animals, may be used to express
humanized antibodies to immuncgenic polypeptide products of
this inventicm.

Tt will be appreciated that Fab, F(ab'})2Z and other
fragmente of the antibodies of the present invention may also
be used according to the methods disclosed herein. Such
fragments are typically produced by proteclytic cleavage,
uging enzymes such ae papain {to produce Fak fragments] or
pepein (to produce Flab'}2 fragments). Alternatively, secreted
protein-binding fragments can be produced through the
application of reccmbinant DHA technology or through synthetic
chemistry.

For in vive uge of antibodies in humans, it may hbe
preferable to use "hurapized” chimeric monoclonal antibodies.
Such antibodies cam be produced using genetic constructs
derived from hybridoma c¢ells producing the wonoclonal
antibodies describesd above. Methods for producing chimeric
antibodies are known in the art (See, for review, Morrigom,
Science 225: 1202 (18B%S); 0i et al., BicTechnigues 4: 214
{1%86); Cabilly et al., U. 5. Patent 4,516,567; Taniguchi et
al., EP 171496; Morriscn et al., EF 1734%4; Neuberger et al.,
WO B601533; Robinson et al., WO B702671; Bouliasnne et al.,
Mature 312: €43 (1%84); Neuberger et al., Nature 314: 263
(1285} .}
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The above-described antibodies may be employed to
isolate or to identify clones expressing 0SG polypeptides or
purify C8G polypeptides of the present invention by attachment
of the antibody to a solid support for isolation and/or
purification by affinity chromatcgraphy. BAs discussed in more
detail supra, antibodies specific against a CS5G may also be
used to image tumoxs, particularly cancer of the colon, in
patients guffering from cancer. Such antibodies may also be
uged therapeutically to target tumors expressing a CSG.

C8G binding molecules and assays

Thig inventicn alsc provides a method for identification
of molecules, such as receptor melecules, that hind CSGs.
Genes encoding proteins that bind CS3Gs, such as receptor
proteins, can he identified by numercus methods known to those
of £kill in the art. Examples include, but are not limited
to, ligand panning and FACS sorting. Such wmethods are
described in many laboratory manuals such ag, for instance,
Coligan et al., Current Protecels in Immunology 1{2): Chapter
5 {1991}).

Expression cloning may also be smployed for this
purpose. To this end, polyadenylated RNA is prepared from a
eell responsive to a C8G of the present invention., A cDHA
library is created from this RNB and the library is divided
into poola. The pools are then tranafected individually imto
cells that are not responsive to a C86 of the present
invention. The transfected cells then are exposed to labeled
C3G. (S2G polypeptides can be labeled by a variety of well-
knowm technigues including, but net limited te, standard
methods of radio-iodination or inclusion of a recogmition gite
for a smite-specific protein kipnase. Fellowing exposure, the
c¢ells are fixed and binding of labeled CSG is determined.
These procedures conveniently are carried oub on glass slides.
Fools containing labeled CS@ are identified a= contzining
cDNA that produced C3G-kinding cells. Fub-pools are then
prepared from theee pogitives, transfected into host celle and
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screenad as described above. Using an iterative sub-pooling
and re-screening procedgs, one or more single clones that
encode the putative bkinding melecula, such as a receptor
nolecule, van be isclated.

Alternatively a labeled ligand can be photoaffinity
linked to a cell sxtract, svech 23 a membrane or a membrane
extract, preparsed from cells that express a molecule that it
hinds, such as a receptor molecule. Creoss-linked material is
resclved by polyvacrylamide gel electrophoresig ("PAGE") and
exposed to X-ray film. The labeled complex containing the
ligand-recsptor can be excizsed, resolved into peptide
Eragments, and subjected to protein microsequencing. The
amine acid sequence ocbtained from microsequencing can be used
to dedign unique or degenerate oligonucleotide probes to
screen oDNA libraries te identify genes encoding the pukative
receptor molacule.

Polypeptides of the invention also can be used to aeseeg
€3G binding capacity of CSE bpinding wolecules, such as
receptor molscules, in cells or in cell-fres preparations.
Agoniats and antagonists - assays and moleculss

The invention alsc provides a method of screening
compounds to identify those which enhance or block the action
of a C5G on cells. By “compound”, as used heresin, it is meant
to be inclusive of small organic moleculsa, peptides,
polypeptides apd antibodies as well as any other candidate
molecules which have the potential to enhance or agonize or
block or antagonizme the action of CSG on cells. Az uzed
herein, am aganist is a compound which increases the natuxal
biclogical functions of a €8¢ or which functions in a manoner
similar to a C5@, while an antagenist, as used herein, is a
cornpound  which decreases or eliminates such functions.
Various known methods for screening for agonists and/or
antagonists can be adapted for use in identifying <3G agonist

or antagonists.
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For example, a cellular compartment, such as a membrane
or & preparation thereof, such ag a membrane-preparation, may
be prepared from a cell that expresses & molecule that binds
a 0SG, =such ag a molegule of a signaling or regulatory pathway
modulated by C=G. The preparation is incubated with labeled
08¢ in the absence or the presence of a compound which wmay be
a C8G agonist or ankagonist. The abllity <f the compound bo
bind the binding molecule is reflected in decreased binding
of the labeled ligand. Compounds which bind gratuitously,
i.e., without inducing the effectg of a2 C5G upen binding to
the (8¢ binding molacule are most likely to be good
antagonists. Compounds that bind well and elicit effects that
are the same as or closely related to (83 are ageonists. CSG-
like effects of potential agonists and antageonists may by
measured, for inskance, by determining activity of a seccnd
messenger system following interaction of the candidate
molecule with a cell or appropriate cell preparation, and
comparing the sffect with that of C8G or molecules that elicit
the same effects as CBG. Second mesgenger systems that may

be useful in this regard include, but are mot limited to, AMP

guanylate cyclase, ilon channel ox phogphoinositide hydrolysis
second messenger systems.

Another example of an assay for CSG antagoniste ig a
competitive assay that combines C3G and a potential antagonist
with membrane-bound CSG receptor molecules or vecombinant CSG
receptor molecules under appropriate conditions for a
competitive inhibrition asgay. CSG can be labeled, such zs by
radioactivity, such that the number of €3G molecules bound to
@ receptor molecule can be determined accurately to assess che
effectivensss of the potential antagonist.

Poctential antagonists includs small organic molecules,
peptides, polypeptides and antibodies that bind te a 056
polypeptide of the invention and thereby inhibit or extinguish
its activity. Potential antagenists alsoc may be small organic

molecules, a peptide, a polypeptide such as a closely related
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protein or antibedy that binds the same gites on a binding
melecule, guch as a receprar molecule, without inducing CSG-
induced activities, thereby preventing the action of €86 by
excluding CSG from binding.

Potential antagonists include small molecules which bind
to and occupy the binding site of the CSG polypeptide thereby
preventing binding to cellular binding molecules, eguch as
receptor molecules, such that normal biological activity is
prevented. Examples of =wzll melecules include but are not
limited to small corganic molecules, peptides or peptide-like
molecules.

Other potential antagonists ineclude antisense molecules.
Antisense technelogy can be used to contrel gene expression
through antisense DNA or RMA or through triple-helix
formation. anticenee technigues are discuseed, for example,
in Okano, J. Neurcchem. 56: 560 {1981); OLIGODEOXYWUCLEQTIDES
AS ANTISENSE INHIRITORS QF CGENE EXPRESSION, CRC Prass, Booa
Raton, Fla. (1%988). Triple helix formaticn is discussed in,
for instance Lee et al., Nuclesic Acids Research 6: 3073
{1979); Cooney et al., Science 241: 456 (1288); and Darvan et
al., Science 25L: 1360 (1991} . The methods are bessed on
binding of a polynuclectide to a complementary DNA or RNA.
For exzmple, the 5' coding portion of a polynuclecotide that
encodes a mature CS@ polypeptide of the present invention may
be used to design an antisense RNA oligonucleotide of from
about 10 to 40 hage pairs in lepgth. 2 DNA cligomuclectide
is designed to be complementary toe z region of the gene
involved in transcription thereby preventing transcription and
the production of a €85 polypeptide. The antisense RNA
oligenuclectide hybridizes to the mBNA in wvive and blocks
translation of the mRNA molacule into a CSG polypeptide. The
oligonucleotides described above can alsc be delivered to
calls such that the antisense RNA or DNA may be expressged in
wivo to inhibit preduction of a CSG.

Compositiong

JP 2004-510408 A 2004.4.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(114)

WO 0192528 POTIUSOLATSHS

1o

15

20

28

30

35

- 63 -

The present invention alsc relates to compositions
comprising a ©8G polynucleotide or a 083 polypeptide or an
agoniet or antagonist thereof,

For example, & CEG polynucleotide, polypeptide or an
agonist or antagonist therecf of the present invention may he
employed in combination with & non-sterile or sterile cazrier
or carriers for use with cells, tissues or organisms, such ag
a pharmaceutical carrier suitable for adminisgtration to a
subjeck. Such compositions comprise, for imstance, a mediza
additive or a ‘therapeuntically effective amount of a
polypeptide of the invention and a pharmaceutically acceptable
carrier or excipient. 8Such carriers may include, buk are nob
limited to, saline, buffered saline, dextroge, water,
glyvcerol, ethanol and combinations thereof. The formulation
should suit the mode of administratiom.

Compositions of the preeent invention will ke formalated
and dosed in a fashion consigtent with good medical practice,
taking inte aceount the clinical condition of the individual
patient (especially the aide effects of treatment with the
polypeptide or other compound alone), the site of delivery,
the method of administration, the scheduling of
administration, and cther factors known toc practitiomers. The
veffective amount” for purposes hersin is thus determined by
such considerations.

As a general proposition, the total pharmaceutically
effective amount of secreted polypeptide administersd
parenterally per dose will be in the range of about 1,
ug/kg/day to 10 mg/kg/day of patient body weight, =lthough,
zs noted above, this will be subject to therapeutic
discretion. More preferakly, this dose is at least 0.01
wg/kg/day, and mast preferakly for humans between about 0.01
and 1 mg/kg/day for the hormone. If given continucusly, the
polypeptide or other compound is typically administered at a
dese rate of about 1 pg/kg/hour to about 50 mg/kg/hour, either
by 1-4 injectiong per day or by continuous pubcutaneous
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infusicn, for example, using a mini-pump. An intravenous bag
golution may alsc be employed. The length of treatment needed
to observe changes and the interval following treatment for
responses to ocour appears to vary depending on the desired
effect .

rharmaceutical compositions containing the secreted
protein of the invention are administered orally, rectally,
parenterally, intracistemally, intravaginally,
intraperitoneally, topically (as by powders, cintments, gels,
drops or transdermal patchl, bucally, or as an oral or nasal
spray. "Fharmaceutically acceptable carrier" refers to a non-
toxic  seolid, gemizolid  or  liguid  filler, diluent,
encapsulating material or formulation auxiliary of any type.
The term "parenteral" as used herein refers to moedes of
administratien which dinclude intravenous, intramuscular,
intraperitoneal, intrasternal, subcutaneous and intraarticular
injecticn and infusion.

The polypeptide or other compound is also suitably
administered by sustained-release systems. Suitable examples
of sustained-releasge compositions include semipermeable
polymer matrices in the form of shaped articles, e. g., £ilms,
or microcapsules. Sustained-releage matrices ingluds
polylactides (U.S5. Patent 3,773,919 and EP 58481), copolymers
of L-glutamic agid and gamma-ethyl-L-glutamate (Sidman, U. et
al., Bilopclymers 22: 547-556 (1982)), poly (2-hydroxyethyl
methacrylate) (R. Langer et al., J. Biowmed. Mater. Res. 15:
167-277 {1981}, and R. Langer, Chem. Tech. 12: 98-105 (1582]),
ethylens vinyl acetate (R. Langer et al.} and poly-D- (-)-3-
hydroxybutyric acid (EP 133, 988) . Sustained-realease
compositions also imclude liposomally entrapped polypeptides.
Liposomes containing the polypeptide or other compound are
prepared by well known metheods (Epstein et al., Proc. Watl.
Aozd. Scoi. USKR 82: 3688-369Z (1985): Hwang et al . , Proc. Natl.
Acad. Sci. USA 77: 4030-4034 (13980); EP 53323; EP 26676; EP
88026; EP 14394%; EP 142641; Japancsse Pat. Appl. B3-118008;
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U.S. Patent 4,485,045 and 4,544,545; and EP 102324},
Ordinarily, the liposcmes are of the small (about 200-8500
angstroms] unilamellar type inm which the lipid centent is
greater than about 30 mol. percent choleatercl, the selected
proportion being adjusted for the optimal therapy.

For parenteral administration, in one embediment, the
polypeptide or other compound ie formulated generally by
mixing it at the desired degree of gurity, in a unit dosage
injectable form {solntion, suspension, or emulsion), with a
pharmaceutically acceptable carrier, i.e., one that iz nom-
toxic to recipients at the dosages and concentrations employed
and i3 compatible with other ingredients of the formulation.

For example, the formulation preferably does not include
oxidizing agente and other compounds that are known to be
deleterious to the polypeptide or other compound.

Generally, the formilaticns are prepared by contacting
the polypeptide or other compound uniformly and intimately
with liguid carriers or fimely divided solid carriers or both.
Then, if necessary, the product is shaped into the desired
formlation. Preferably the carrier 1s a parenterzl carrier,
more preferably a solutilon that is isctonie with the blood of
the recipient. Examples of such carrier wvehlcles inglude
water, saline, Ringer's gclution, and dextrose sclutien. Non-
aguecus vehicles such as Flxed olls and ethyl oleate are alao
useful herein, as well as lipocomes.

The carrier guitably contains winor amounts of additives
such as substances that enhance isotonicity and chemical
stability. Such materials are mon-toxic to recipients at the
dosages and concentrations employed, and include buffers such
as phosphate, citrate, succinate, acetic acid, and other
organic acids or their salts; antioxidants such as ascorbic
acid; low molecular weight {(less than about ten resgidues)
polypeptides, &. g., polyarginine or tripeptides; protelns,
guch as serum albumin, gelatin, or immuneglobulins;

hydrephilic polymers such as polyvinylpyrrolidome; aming
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acids, such as glycine, glutamic acid, aspartic acid, or
arginine; monosaccharidea, dimaccharider, and other
carbohydrates including cellulcge or its derivatives, glucose,
mannose, or dextrins; chelabting agents such as EDTA; sugar
aleohols such as mannitol or serbitel; countericns such as
sodivm; and/or nonionic surfactants such as polyscorbates,
poloxamers, or PEC.

The gpclypeptide or other compound ig typically
formulated in such wvehiclsg at a concentration of about 0.1
wg/ml to 100 wmg/ml, preferably 1-10 my/ml, zt a pH¥ of about
3 te 8. It will be understood that the use of caertain of the
foregoing excipients, carriera, or stabilizers will result in
the formation of polypeptide salts or =zalts of the other
compounds .

any polypeptide to  be used for  therapsutic
adminigstration should ke eterile. Sterility is readily
accomplished by filtrxation through sterile filtration
membranes {e., g., 0.2 mi¢ron wmembranes}. Therapeutic
polypeptide compesitions generally are placed into a container
having a sterile access port, for example, an intravencus
sclution bag or vial having a stopper pierceable Ly a
hypodermic injection needle.

Polypeptides ordinarily will be stored in unit or multi-
dose containers, for axample, sealed ampules or vials, as an
agueous soluticn or as a lyophilized formulation for
reconstitution. As an exawmple of a lyophilized formulation,
10-ml vials are filled with 5 ml of sterile-filterasd 1 % (w/v)
aguenua polypeptride aplution, and the resulting mixture is
lycpnilized, The infusion soluticn is  prepared by
reconstituting the lyophilized polypeptide uging
racteriostatic Water-for-Injection.

Kits

The invention further relates o phartmceutical packs

end kits comprising one or more contziners filled with cne or

more of the ingredients of the aforementicned compositions of
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the invention. Associated with such containeris] can ke a
notice in the form prescribed by a govermmental agency
regulating the manufacture, use or sale of pharmaceuticals or
biclogical products, reflecting approval by the agency of the
manufacture, use or sale opf the product for human
adminietration.

Adminigtraticn

€23 polypeptides or polymuclectides or other compounds,
preferably agonists or antagonists thersof of the present
invention may be employed alone or in conjunction with other
compounds, such as therapeutic compounds.

The pharmaceutical compeositions may be administered in
any effective, oconvenlent manner including, f£or instance,
administration by topical, oral, anal, vaginal, intravenous,
intraperitoneal, inkramuscular, subcutansous, intranasal or
intradeymal routea among others.

The pharmaceutical campositions generally are
administered din an amount effective for Creatwent or
prophylaxis of a specific indication or indications, In
general, the compoeitions are adwinistersd in an amount of at
least about 10 pg/kg body weight. However, it will be
appreciated that optimum dosage will be determined by standard
methods for each treatment modality and indicaticn, taking
inte acoount the indication, its severity., route of
administration, complicating conditions and the like.

It will be appreciated that conditicns caused by a
dacrease in the standard or nermal expressiocn level of a €54
pelypeptide in an individual can be treated by administering
the CSC polypeptide of the present invention, preferably in
the secreted form, or an ageonist thereof. Thus, the invention
also provides a method of treatrment of an individval in need
of an increased level of a (3G polypeptide comprising
adminiztering to such an individual a pharmaceutical
compositicn comprising an amount of the C8CG polypeptide or an
agonist thereof to increamse the actiwvity lewvel of the CSG

JP 2004-510408 A 2004.4.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(119)

WO 0192528 POTIUSOLATSHS

10

15

20

25

30

- 68 -

polypeptide in puch an individeal. For example, a patient
with decreaged levels of a C8G polypeptide may receive a daily
doge 0.1-100 pg/kg of a CSG polypeptide or agonist thereof for
gix consecutive days. Preferably, if s ©SG pelypeptide is
administered it is in the secreted form.

Compositicns of the present imvention can also be
adminigtered to treating increased levels of a CEG
polypeptide. For example, antisense technology can be used
te inhibit producticn of a CSG polypeptide of the present
inventicn. This technolegy is one example of a method of
decreasing levels of a polypeptide, preferably a secreted
form, due toc a variety of etiolegies, such as cancer. A
paktient diagnesed with aknormally increased levels of a
polypeptide can be administered intravenously antisense
polynucleotides at 0.5, 1.0, 1.5, 2.0 and 3.0 mg/kg day for
21 dayz. This treatment is preferably repeated after a 7-day
rest period if the treatment was well tolerated. Compositions
comprising am antagonist of & C8G polypeptide can also be
administered to decrease levels of USG in a patient.

Gena therapy

The C5G polynuclectides, polypeptides, agonists and
antagonistz that are polypepcides may be employed in
accordance with the present invention by expression of such
polypeptides in vive, in treatment modalities often referred
to as "gens therapy.”

Thus, £for example, cells from & patient may be
engineered with a polynuclectide, such as a DNA or RNA,
encoding a polypeptide ex vivo, and the engineeregd cells then
can he provided to a patient to ke treated with the
polypeptide. For example, cells may be engineersd ex wive by
the use of a retroviral plasmid vector containing EMA encoding
a polypeptide of the present invention. Such methods are
well-known in the art and their use in the present invention

will be apparent from the teachings herein.
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gimilarly, cells may be engineered in wivo for
expression of = polypeptlide in vivo by procedures known in the
art. For example, a polynuclectide of the invention may be
enginsered for expressicn in a replication defective
retroviral wvector, as discussed supra. The retrovirael
expression construct then may be isclated and introduced into
& packaging cell tranaduced with a retroviral plasmid vecktor
conktaining RNA encoding a polypeptide of the present invention
guch that the packaging cell now produces infectious viral
particles containing the gene of interest. Thess producer
cells may be administered to a patient for engineering cells
in vive and expresgion of the pclvpeptide in vivo. These and
other methods for administering a polypeptide of the present
invention wonld he apparent to those skilled in the art upon
reading the instant application.

Retroviruses from which the retroviral plasmid vectors
herein above mentioned may be derived include, but are ot
limited to, Moloney Murine Leukemia Virus, spleen necrosis
wirna, retroviruses such as Rous Sarcoma Virns, Harvey Sarcoma
Virug, avian leukosis virus, gibbon ape leukemia virus, human
immunodeficiency virug, adencovirus, Myeloproliferative Sarcoma
Virus, and mammary tumer virus. In one embodiment, the
retroviral plaswid vector is derived from Moloney WMurine
neukdmia Virus.

Such wvectors will include one or more promoters for
expressing the polypeptide. The gelection of a suitable
promoter will be apparent to those skilled im the art from the
teachings contained herein. However, examplesz of suitable
promoters which may be employed include, hut are net limited
to, the retroviral LTR, the 8V40 promoter, the human
cytomegalovizus (CMV) promoter described in Miller =t al.,
Biotechniques 7: 98G-%90 (1589}, and eukaryotic cellular
promoters such as the histens, RNA polymerage ITI, and beta-
actin promoters. Other wiral promoters which may be ewployed

include, buk are not limited to, adenovirus prowoters,
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thymidine Xinase (TK) promoters, and B19 parvovirus promoters.
Additional promoters which may be uszed include respiratory
Byncytial virus (R8V) promoter, inducible promoterg such as
the MMT promoter, the metallothionein promcter, heat shock
promcters, the albumin prowoter, the RpeAT promoter, human
globin promoters, viral thymidine kinaze promoters such as the
Herpes Simplex thymidine kinase promoter, retroviral LTRe, the
beta-actin promoter, and humanr growth hormone promeoters. The
promoter also may he the native promoter which controls the
gene encoding the polypeptide.

The nucleic acid seguence encoding the polypeptide of
the present invention will be placed under the control of a
suitable promcter,

In one embodiment, the retroviral plasmid vector is
employed to transduce packaging cell lines to form producer
cell linses. Examples of packaging cells which may be
transfected include, but are not limited to, the PES01, EA317.
¥-2, ¥-AM, PR12, Ti9-1£X, VT-15-17-H2, YCRE, YCRIP, GP+E-86,
GP+envAml2, and DAN cell lines ag deecribed in Miller, A.,
Human Gene Therapy 1: 5-14 {1%%0)., The vector may be
transduced into the packaging cellg through any means known
in the art. Such means include, but are not limiced to,
clectroporation, the use of liposomes, and CaPo,
precipitation. Alterxmatively, the retroviral plasmid vector
may bhe encapsulated into a liposome, or coupled to a lipid,
and then administered to a host. The producer cell line will
generate infectious retroviral wector particles which are
inclusive of the nuecleic acid seguence({s] encoding the
polypeptides. Such retroviral vector particles then may be
employed to traneduce sukaryotic cells, either in vitre or in
viva. The transduced eukaryotic cells will express the
nucleic acid sequence(s) encoding the polypeptide. Bukaryotic
cells which may be transduced include, but are not limited to,
ewbryonic stem cells, embryonic carcinoma cells, as well as

hematopoletic stem ¢ellse, hepatecytes, fibroblasts, mycblasts,
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keratinccytes, endothelial cells, and bronchial epithelizl
cells.

21 exemplary method of gene therapy involves
transplantation of fibroblasts which are capable of expregsging
a CSG polypeptide or an agonist or antagonist thereof onto a
patient, Generally fibroblaste are obtained from a subject
by skin biepsy. The resulting tissue is placed in tissue-
culture medium and separated into amall pileces. Small chunks
of the tiseue are placed on a web surface of a tissue culture
flask, approximately ten pileces are placed in each flask. The
flask is tuxned upside down, closed tight and left at rcom
temperature over night. After 24 hours at room temperature,
the flagk is inverted and the chunks of tissue remain fixed
to the hottom of the flask and freegh media {(e. g.,, Ham's F12
media, with 10% FBS, peniocillin and skreptomycin} is added.
The flasks are then incubated at 37°C for approximately one
week. AL this time, fresh media is added and subsequently
changed every geveral days. After an additicnal two weeks in
eulture, a monolayer of fibroblasts emerge. The monolayer is
trypsinized and scaled into larger Ilasks. pMv-7
{Kirschmeier, ?. T. et al., DNA, 7: 219-25 (1888)), flanked
by the long terminal repeats of the Moloney wurine sarcoma
virus, is digested with BEcoRI and HindIII and subsequently
treated with calf intestinal phosphatase. The linear vector
is fractiomated on agarose gel and purifisd, uaing glass
beads. The cDHA encoding a C8G polypeptide of the present
invention or an agonist or antagonist thereof can be amplified
using PCR primers which correspond to their 5 and 3' end
sequences regpectively. Preferably, the 5' primer contains
an EcoRI site and the 3' primer includes a HindTIT site. Equal
quantities of the Moloney wurine sarcoma virus linear backbone
and the =mplified EcoRI and HindIIT fragment are added
together in the presence of T4 DNA ligase. The resulting
mixture i maintained under conditiona appropriate for
ligation of the two fragmentzs. The ligation mixture is then
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vged to transform bacteria HB 101, which are then plated onto
agar containing kenamycin for the purpose of confirming that
the vector hag the gene of interast properly dinserted.
Amphctropic pA3l7 or GP+aml2 packaging cells are grown in
tissue culture to confluent density in Dulbecco's Modified
Eagles Medium {DMEM) with 10% calf eerum {CS), penicillin and
streptomycin. The MSV vector containing the gens is then
added £o the wedia and the packaging cells transduced with the
vegtor. The packaging calls now produce infectious wviral
particles containing the gene (the packaging cells are now
referred to as producer cellg). Fresh media is added to the
transduced producer cells, and subsequently, the media ig
harvested from a 10 cm plate of confluent producer cells. The
gpent media, containing the infectiouws viral particles, is
filtered through a millipors filter to remove detached
producer cells and this media is then used to infect
fibroblast cells. Media is removed from a sub-confluent plate
of fibroblaste and guickly replaced with the media from the
producer ¢ells. This media is remcved and replaced with fresh
media. If khe titer of wvirus is high, then wvirtually all
fibroblasta will be infected and no eelection is reguized.
If the titer is very low, then it is necsssary to use a
retroviral vector that has a selactable marker, such as nec
or hig. ©Once the fibreblasts have been efficiently infected,
the fibroblasts are analyzed to detarmine whether protein is
produced. The engineered fibroblasts are then transplanted
onto the host, either alone or after having been grown to
confluence on cytodex 3 microcarrier beads.

Alternatively, in wivo gene therapy methods can be used
to treat CSG related disorders, diseases and conditions. Gene
therapy methods relate to the introduction of naked nucleic
acid (DNA, BNA, and antisense DWA or RNA} sequences into an
animal teo increase or decreaee the expression of the

polypeptide.
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For example, & CSG polynucleotide of the present
invention or a nucleic acid sequence encoding an agonist or
antagonist thereto may be cperatively linked to a promotsr or
any cther genetic elements necessary for the expression of the
polypeptide by the target tissue. Such gene therapy and
delivery tecimigques and methods ave kmewn in the art, see, for
example, WO 90/11092, W0 5B/1177%; U.S. Patente 5,693,623,
5,705,151, and 5,580,85%; Tabata H. et al. {(1%97] Cardiovasc.
Res., 35 {3): 470-47%, Chac J et &l. (1997) Pharmaccl. Rea. 35
{6): 517-522, Wolff J. A. {(1%37) Neuromuscul. Disord. 7 (5}:
214-318, Bchwartz B. et al. {1995) Gene Ther. 3 ({(5): 205-411,
Taurumi Y. et al. (1996) Circulation 24 (12): 3281-32%0
(incorporated bherein by reference). The polynuclectide
constructs may be delivered by any method that dJdelivers
injectakle materials to the cells of an animal, such as,
injection into the interstitial space of tissues ({heart,
muscle, skin, lung, 1iver, intestine and the like}. The
polynucleotide constructs can be delivered in a
pharmaceutically acceptable liquid or agueous carrier,

The term "naked® polynucleotide, DNA or RNA, refers to
sequences that are free from any delivery vehicle that acts
to assigt, prowote, or facilitate entry into the c¢ell,
including viral sequences, viral particles, liposome
formulations, lipefectin or precipitating agents and the like.
However, polymiclectides may also be delivered in liposome
formulations (such as those tavnght in Felgner P. L. et al.
[1995) Znn. HNY Bead. Sci. 772: 126-139 and Abdzllah E. et al.
{1995) Bicl. Cell 85 {1): 1-%) which can be prepared by
metheods well known to those skilled in the art.

The polynuclectide vector constructs used in the gene
therapy method are preferably constructe that will »ob
integrake inte the host genome nor will they contain sequences
that aliow for replicationm. Any strong prouoter known to
those skilled in the art can be used for driving the

expression of DWA. Unlike other geme therapies bechnigues,
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one major advantage of intreducing naked mueleic acid
sequences intoc target cells is the transitory nature of the
polynueleotide aynthesis in the cells. Studies have shown
that non-replicating DNA sequences can be introduced inte
cells to provide production of the desired polypeptide for
pericds of vp to six months.

The polynuclecotide construct can be delivered to the
interstitial space of tissues within the an animal, including
of musecle, skin, brain, lung, liver, spleen, bone warrow,
thymus, heart, Ilymph, blood, bone, cartilage, pancreas,
kidney, @all bladder, stomsch, intestime, testls, ovary,
uterus, rectum, nervous aystem, eye, gland, and comnective
Eissue. Interstitial sgpace of the btissues comprises the
intercellular f£luid, mucopolysaccharide matrix among the
reticnlar fibers of organ tissueg, elastic fibers in the walls
of vessels or chambers, collagen fibers of fibrous tissues,
or that =ame mabrix within comnective tissue ensheathing
mugcle cells or in the lacunae of bone. It is similarly the
space occupled by the plasma of the circulation and the lymph
fluid of the lymphatic channels. Delivery to the interstitial
space of muscle tisevne is preferred. The polymuciectide
construct may be conveniently delivered by injection into the
tissues comprising these cells. They are preferably delivered
to and expresged in persistent, non-dividing cells which are
differentiated, although delivery and exprassion way be
achieved in non-differentiated or less completely
differentiated celle, such as, for example, stem cells of
blaod or gkin fibrablasts. In wivo muscle cells are
particularly competent in their ability to take up and express
polynucleotides.

For the naked polynucleotide imjectiomn, an effective
dozage amount of DNA or RNA will be in the range of from about
¢.05 pg/kg body weight to about 50 mg/ky body weight .
rreferably the dosage will he from about 0.005 mg/kg to about
20 wmg/kg and more preferably from about 0.05 mg/kg to about
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5 mg/kg. ©Of course, as the artisan of ordinary skill will
appreciare, this dosage will vary according to the tissue site
of injection. The appropriate and effective dosage of mucleic
acid sequence can readily be determined by those of ordinary
skill in the art and may depend on the condition being treated
and the route of administration. The preferred route of
administration isg by the parenteral route of injection intec
the incerstitial space of tissues., However, other parenteral
routes may alsce be used, such as, inhalation of an aeroscl
formulation particularly for delivery to lungs or bronchial
tissues, throat or mucous membranes of the nose. In addition,
naked polynuclectide constructs can be delivered to arteries
during angioplasty by the catheter used in the procedure.

The dose response effects of injected polynucleotide in
muscle in vivo is determined as follows. Suitable template
DNA for production of mRNA coding for polypeptide of the
present invention is prepared in accordance with a standard
recombinant DNA methodology. The template DNA, which may be
2ither circular or linear, i3 either used as naked DNA or
complexed with liposomes. The quadriceps muscles of mice are
then injected with various amcunts of the template DNA.

Five to six week old femzle and male Balb/C mice are
anestherized by intraperitoneal injection with 0.3 ml of 2.5%
Avertin. A 1.5 om incigicon is made on the anterior thigh, and
the quadriceps muscle is directly visualized. The template
DNA ie injected in 0.1 ml of carrier in a 1 oC syringe through
a 27 ogauge needle over one minute, approximately 0.5 cm from
the digtal insertion site of the muecle into the knee and
about 0.2 om desp. A suture is placed over the injection site
for future localization, and the askin is closed with stainless
steel clips.

After an appropriate incubaticn time {e&. g., 7 days)
muscle extracts are prepared by excising the entire
quadriceps, Every fifth 15 pm cross-section of the individual

gquadriceps muscles is histochemically stained for pretein
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expression. A time course for protein expression may be done
in a =imilar fashion except that quadriceps frem different
wice are harvested at different times. Persistence of DNA in
muacle following injection may be determined by sScuthernm blet
analysis after preparing total cellular DNA and HIRT
aupernatants from injected and contrel mice.

The results of the above experimentation in mice can be
use to extrapolate proper dosages and other treatment
paraneters in humang and other animals using naked
DNA.

Nonhuman Transgenic Animals

The 3G polypeptides of the invention can alsc be
expreseed in nonhuman transgenic znimals, Nonhuman animals
of any species, including, but not limited teo, mice, rats,
rabbits, hamsters, guinea pigs, pigs, micro-pigs, goats,
sheep, ¢ows and non-human primates, . g., baboons, monkeys,
and chimpanzees, may be used to generate transgenic animals.
Any technigue known in the art may be used to introduce the
transgene {I. e., polynucleotides of the invention}) dinto
animals to produce the founder lines of transgenic animals.
such technigues include, but are not limited to, pronuclear
migroinjection (Pateracn et al., Appl. Microbicl. Biotechnol.
40: 691-6%8 (1594); Carver et al., Biotechnology (NY) 11:
1263-1270 (1993} ; Wright et al., Bictechnology (MY} 9: 830-834
(1891); and Hoppe et al., U.S. Patent 4,873,191}); retrovirus
mediated gene transfer into germ lines (Van der Putten et al.,
Proc. Nabl, Acad. Sci., USA BZ:; §148-6152 (1985)), blastocysts
or embryog; gene targeting in embryonic stem cells (Thompson
et al., Cell 56: 313-321 (1989)}; electroporaticn of cells or
embryos {Lo, 1883, Mol. Cell. Biol. 3: 1883-1814 (1983}));
introduction of the polynucleotides of the invention uging a
gene gun (see, e. g., Ulmexr et al., Science 259; 1745 {1%93);
introduoing nucleic acid constructe into embryonic pluripotent
stem cells and transferring the stem cells back into the

blagtocyst; and sperm mediated geme transfer {Lavitrano et
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al., cell s7: 717-723 (1983}). For a review of such
technigues, ses Gordon, "Tramnsgenic Animals,® Intl. Rev. Cytol.
115: 171-229 (1989), which is incorporated by reference herein
in its entirety.

Any technigue known in the art may be used ko produce
transgenic cloned containing polynucleotides of the inventicn,
for example, auwclear transfer into enucleated ocoytes of
nuclei from cultured embryonic, fetal, or adult cells induced
to cuiesgcence (Campall et al., Nature 380: 64-&5 (1996};
Wilmut et al., Wature 2B5: 210813 {19597)}.

The present inventicn provides for transgenic animale
that carry the transgeme in all their cells, as well as
aniwals which carry the trapsgeme in some, but not all their
cells, i.e., mosaic or c¢himeric animals. The transgens may
ba integrated as a single transgene or as multiple copies such
as in concatamers, e. g., head-to-head tandems or head-to-tail
tandems, The transgene may also be selectively introduced
into and activated in a particular cell type by following, for
example, the teaching of Laske et al, (Dasko et al., Proc.
Watl. Acad. Sci. USA 8§9: 623%-6236 (1992)). The regulatory
sequences required for such a cell-type specific activation
will depend upon the particular cell type of interest, and
will he apparent to thoge of skiil in the art. When it is
desired that the polymucleotide transgens be integrated into
the chromosomal gite of the endogenous gene, gene targeting
ig preferred, Briefly, when such a techoigue is te be
utilized, wvectors containing some maclectide sequences
homelogous to the endogenous gene are designed for the purpose
of integrating, via homologous recombination with chromesomal
seguences, into and disrupting the function of the nucleotide
gsequence of the endogencus gens. The transgene may also be
gelectively introduced into a particular cell type, thus
inactivating the endogenous gene in omnly that cell type, by
following, for example, the teaching of Su et al. (Science
265: 103-106 (19%4)). The regulatory seguences reguired for
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such a cell-type specific inactivation will depend upon the
particular cell type of interest, and will be apparent to
those of skill in the art.

Once transgenic animals have been generated, the
expression of the recombinant geme may be assayed utilizing
standard technigques. Initial screening may be accomplished
by Southern blot analysis or PCR technigues to analyze animal
tiggues to verify tlhiat integration of the tranagene haa taken
place. The level of mRNA expression of the transgene in the
tissues of the transgenic animals may also be asaessed using
techniques which include, but are not limited ko, Northerm
blot. analysis of tissue samples cobtalned from the animal, in
situ hybridization analysis, and reverss transcriptase-PCR
frt-PCR} . samples of transgenic gene-expressing tissue may
also be avaluated immunceytochemically or
immunohistochemically using antibedies specific for the
transgene product.

once the founder animals are produced, they may be bred,
inbred, outbred, or cressbred to produce oolonies of the
particular animal. Examples of such breeding stirategies
include, bubt are not limited to:; outbreeding of founder
animals with more than cone integration site in order to
establish separate lines; inbreeding of separate lLines in
order to produce compound Gtransgenics that express the
transgene at higher levelg because of the effects of additive
expression o©f each transgene; crossing of heterozygous
transgenic animals to produce animals homozygous for a given
integration site in order to both augment expression and
eliminate the need for screening <¢f animals by DNA analysis;
crossing of separate homozygous lines to produce compound
haterozygous or homozygous lines; and breeding to place the
transgene on a distinct background that is appropriate for an
experimental model of interest.

Transgenic animals of the invention have uses which

include, but are nct limited to, aniwal meodel systems useful
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in elaborating the biological functicn of CSG polypeptides of
rhe present invention, studying conditions and/cr discorders
associated with aherrant expression of ©3Gs, and in screening
for compounds effective in ameliorating such CSG agsociated
conditions and/or disorders.
¥Knock-out Animals

Endogenous gene expressicon can alsc be reduced by
itnactivating or"knocking out" the gene and/or its promoter
using targeted homologous recombination (e, g., see Smithies
et al,, Nature 317: 230-234 (1985); Thomas & Capecchi, Cell
51: 503512 {1%B7); Thompson et al., Cell 5: 313-321 (198%);
each of which is incorporated by reference herein in ite
entirety). For example, & wmutant, non-functional C3G
pelynucleoctide of the invention (or a completely unrelzted DNA
sequence) Ilanked by DHA homologous to the endogencus CBC
polynueleotide secuence (either the coding regions or
regulatory regions of the gene) can be used, with or without
a gelectable marker and/or a negative selectable marker, to
transfect cells that axpreas polypeptides of the invention in
vive. In another embodiment, technigues known in the art are
used to generate knockouks in c¢ells that contain, but do not
express the gene of intersst. Insertion of the DWA construct,
via targeted homologous recombination, resultg in inactivation
of the targeted g=ne. such approaches are particularly suited
in research and agricultural filelds where modifications to
emhryonic stem cells can be used to generate aniwal offspring
with an inactive targeted gens {(e. g., see Thomas & Capecchi
1987 and Thompson 1589, supra). This spproach can alsoc he
routinely adapted for use in humans provided the recombinant
DNA constructs arxe directly administerad or targeted to the
required gite in vivo uging appropriate varal vectore that
will be apparent to those of gkill in the art.

In further embodiments of the invention, cells that are
genetically englneerad to express the C8G polypeptides of the

invention, or alkernatively, that are genetically engineered
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not to express the C8G polypeptides of the invention (e. g.,
knockouts] are administered to a patient in vive. Such celle
may be obtained from the patient or a MHC compatible domor and
can include, but are not limited to, fibroblasts, bone marrow
cells, blood cells (e, g., lywphocytes), adipocytes, muscle
@ells, and endothelial cells. The cells are genetically
engineered im wvitre using recombinant DNA  technigues to
introduce the coding secguence of polypeptides of the invention
into the cells, or alternatively, to disrupt the coding
sequence and/or endogencus regulatory sequence asgociated with
the polypeptides of the invention, e. g., by transduction
{using viral wvectors, and preferably vectors that integrate
the tramsgene into the oell genowe} or transfecticn
procedures, including, but not limited to, the use of
plasmids, cosmids, YACH, nakad  DNA, electroporation,
liposgomes, ete.

The coding sequence of the (8¢ polvpeptides of the
ipvention can be placed under the control of & strong
constitutive or inducible promoter or promoter/enhancer to
achieve expression, and preferably secretion, of the U5G
polypeptides of the inventlica, The enginesred cells which
express and preferably secrete the CSG polypeptides of the
invention can be introduced into the patient systemically,
e.g., in the circulation, or intraperitconeally.

Alternatively, the cells can be incorporated inta a
matrix and implanted in the bedy, e.g9.., genetically engineeresd
fibrohlastas can he implanted as part of a skin graft or
genetically engineered endothelial cells can be implanted ae
part of & lymphatic or vascular graft (see, for example, U.S.
Patent 5,399,34% and U.S. Patent 5,460,95% each of which is
incorporated by reference herein in its entirety).

when the cells to be administered are non-autologous or
non-MHC compatible celle, they can be administered using well
known technigues which prevent the development of a host

immune response against the introduced cells. For example,
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the cells may be introduced im =an encapsulated form which,
while allowing For an exchange of components with the
immediate extracellular environment, does not allow the
introduced c¢ells to be recognized by the host immune system.

Transgenic and"knock-out® animals of the invention have
vses which include, but are not limited to, animal wmodel
systems ugeful in elaborating the kioleogical function of CSG
polypeptides of the present invention, studying conditions
and/or disorders assoclated with aberrant C8G expression, and
in gereening for compounds effective in amelicrating such CSG

agsociated conditions and/or disorders.

EXAMPLE

The presemt invention is further described by the
following example. The example 1s provided selely to
illustrate the invention by reference to specific embodiments.
This exemplification, while illustrating certain aspects of
the invention, does not portray the limitations or
circumscribe the scope of the digcloged invention.

211 examples outlined here were carried out using
standard technigues, which are well Xnown and routine to thoee
of skill in the art, except where otherwise described in
detail. Routine molecular biology technigues of the following
example can be carried out as deacribed in standard laboratory
manuals, such &as Sambrook et al., MOLECULAR CLONING: A
LABCRATORY MANUAL, 2nd Ed.; Cold Spring Harbor Lakoratory
Prese, Cold Spring Harbor, WN.¥. {198%}.

Identification of C3Gs

Identification of C8Gs {Coleon Specific Gene) was carried
out by a systamatic analyeise of data in the LIFESER Gold
database available from Incyte Pharmaceuticals, Palo Rlto, CA
using the data mining Cancer Leads Automatic Search Package

referred to herein as CLASP.
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CLASP performs the following steps. First, nighly
expressed organ specific genes are selected based on the
apundance level of the corresponding EST in the targeted organ
versus all the other organs. KNext, the expression level of
each highly expressed organ specific gene ig analyzed in
normal tisgue, tumor tissue, and tiesue libraries aseociated
with tumor or dissase. Candidates are selected based upon
demonstration of components of ESTa as well as expression
exclusively or more frequently in tumer tissue or tumor
libraries.

Thus, CLASPF allows the identification of highly
expressed organ and cancer epecific genes. A final manual in
depth evaluation is then performed to finalize the gene
selection.

Using the CLASP methed, the follewing Incyte segquenceg
were identified as U3Gs.

SEQ ID WO: L.SGold Gene ID

1 237623

224891
3 262167
4 246503
5 203279
& 282538
7 206344
8 222237
g 118593
10 337950
11 5682786
12 3989632
13 203640
14 HEBTS
15 230552
1€ 407124
17 626562
18 230495
1z 470880
20 8%BE01
21 29586
22 370788
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Relative Quantitation of Gene Bxpression

Real-Time guantitative PCR with fluorescent Tagman probes
is a guantitation detecticn system utilizing the 5'- 3/
nuclease activity of Tag DNA polymerase. The method uges an
internal fluorescent olligonucleotide probe {Tagman) labeled
with & 5' reporter dyve and a downstream, 37 guencher dye.
During PCR, the 57-3' nucleage activity of Tag DNA polymerase
releases the reporter, whose fluorescence can then be detected
by the laser detector of the Model 7700 Sequence Detection
gystem [PE Applied Biesystems, Foster Qity, Ch, USR).

Amplification o©f an endogencus control i1z used to
standardize the amount of sample RWA added bo the reaction and
normalize for Reverse Transcriptase (RT) efficiency. Either
cyclophilin, glyceraldehyde-3-phosphate dehydrogenase (GRPDH)
or 188 ribosomal RNA (rRENA} was used as this endogencus
control. To calcolate relative guantitation between all the
semples studied, the target RNA levels for coe sample was used
as the bagis for comparative regults (calibrator).
CQuantitation relative to the *calibrator” can be obtained
ueing the standard curve method or the comparative method
(User Bulletin #2: ABI PRISM 7700 Seqguence Detection System).

The tissue distribution and the level of the target gene
were determined for each sample of normal and cancer tissue.
Total ENA was extracted from normal tissues, cancer tissues
and Ffrom cancers and the corresponding matched adjacent
tissues. Subseguently, first strand cDNA wae prepared with
reversa transoriptase and the polymerase chain reaction was
done using priwmers and Tagman prcobe specific to each target
gene. The resulte were analyzed using the ABI PRISM 7700
Sequence Detector. The absclube numbers are relative levels
of expression of the target gene in a particular tissue
compared to the calibrator tissue.

The following primers were used for Teal-time

gquantitative PCR:
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forward primexr:

TGGAAATACGATTCAGEGETCAT (SEQ ID NO:23)
revarse primer:

CGGGTGTACCTCACTEACTTC (SEQ ID NO:24)
G-EPCR probe:

TOTCTTCCGAGAGAACCAGGCTCCG (SEQ ID MO:25}

The absolute numbers depicted in Takle 1 are relative
levels of expression of Gene ID 203272 {alsc referxred to
herein as Qinl2¢% or SEQ ID WD:5) in 24 normal different
tlassues. 2ll the values were compared to normal liver
{calibrator). These RNA samples are commercially availakle
pools, originated by pooling samples of a particular tiseue

from different individuals.

Table 1: Ralative Levels of CBG Clnl29 Expreasion in Pooled
Samples

]
:

TISSUE

|adrenal Gland
Bladder

Brain

Cerviy

Colon
Endomstrium
Escophagus

Heart

Kidney

Liver

ung

Mammary Gland
Mascle

Ovary

Pancreas
Prostate
Rectum

small Inteatine
Spleen

Stomach

Testis

Thymos

Trachea |
Tterus |

<

(=1 ==

=] =

Jolal
g

[
-]

=
=
1|

o|o|o|o)

o

Pl
on

[=]

[w]Ee] L]
|| ol

feir=1M

The relative levels of expression in Table 1 show that
CInl2% WBEWA expresaicn is detected at high levels in the pool
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of normal rectum (23), and at & lower levels in kidney (3.7).
In contrask, ¢1lnl2% is expressed at very low levela in the
other zZZ normal tissue pocls analyzed. Purther, the level of
expression in rectum is € fold higher compared to the
expressien in kidney. These results demcnstrate that Clnl28
MRNA expression is highly specific for rectum tissus.

The absclute numbers in Table 1 were cbtained analyzing
pools of samples of a particular tissue from different
individuals. They can not be compared to the absolute numbers
originated from RMA obtained from tissue samples of a single
individual in Tabla 2.

The absolute numbers depicted in Tzable 2 are relative
lavels of expression of Clni2¢ in 21 pairs of matching
samples. a1l the wvalues are compared Lo mnarmal liver
{ealibrator). A mabching pair is formed by mRNMA from the
cancer gsample for a particular tissue and mRNA from the normal

adjacent sample for that same tissue from the same individual.

Table 2: Relative Levels of €3G Clnl2% Expressicn in
Individual Samples

Zample ID Tiggue CANCER RUMAT,
C1nAS598 Colen ageending (€)1 383 24
ClnCMe? Colon cecum (B)2 15 E]
CInCXGA Colon rectum (A}3 §5 113
C1nMT38 Colon splenic flexture (D)4 33 i3
CInrCz24 Colon rectum (D) E 77 29
ClnRCe? Colocn rectum (B)6 0.9 15
C1nRS45 Colon rectosilgmoid (CV7 161 25
ClnsG27 Colon sigmoid {CJ 3 43 13
C1ln3G33 Colon sigmoid (C)9 150 100
C1lnsG3s Colon sigmoid (BY1Q 186 a3
CInRCR9 Coclon rectum (D)11 0 28
E1d32XK Bladder 1 1 a
CuwxES52 Cervix 1 7] Q
EndofXA Endometrium 1 0 0.7
[KidTo6%D ___ |[Kidney 1 G 5.7
LivISKA [Liver 1 1.7 3.2
Lngd7X0 Lung 1 3.4 [0
Mam5 9% ‘Wammry Gland 1 1.3 0
Pro3dB [Prostate 1 %) %)
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Among 42 samples in Table 2 representing 11 different
tissues significant expressicn is geen only in colon, kKidney,
and small intestine tissues. These results wconfirm the bissue
specificity results obtained with nermal samples shown in
Table 1. Table 1 and Table 2 represent a combined total of
66 gampleg in 24 human tissue types. Only one small intestine
gample, one lung sample, one liver sample, and one kidney
sample showed expression of Clnl2%, out of a total of forbty-
twoe samples representing 22 different tissue types different
than colon and rectum.

Comparisons of the lewel of mRNA expression in colen
cancer samples and the normal adjacent tissue from the same
individueals are shown in Table 2. CInl22 is expressed at
higher lewels in 8 of 11 {73%) cancer samples (colen 1, 2, 4,
5, 7., B, 9, 10} compared to noruwal adjacent tiesue.

Altogether, the high level of tissue specificity, plus
the mRNA upregulaticn im 73% of the colon cancer matching
samples tested indicate CInl2% to be a diagnestic marker for

colon cancer.

It will be clear that the invention may be practiced
otherwige than as particularly described in the foregoing
descoription  and examples. Numerous modifications  and
variations of the present invention ares possible in light of
the above teachings and, therefore, are within the scope cf

the appended claims.

The entire diaclosure of each decument cited (including
patents, patent applications, journal articles, abetracts,
laboratory mannals, books, or other disclogures) in the

Background of the Inventicn, Detailed Description, and
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Bxamples is hereby incorporated herein by reference. Furthsr,
the hard copy of the sequence listing submitted herewith and
the corresponding computer readable form are both incorporated

herein by reference in their entireties.
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What is claimed is:

1. An 058G comprieing:

(a) a polynucleotide of SBQ ID RNO:1, 2, 2, 4, 5, 6, 7,
g, 9, 10, 11, 12, 13, 14, 15, 16, 17, 1B, 1%, 20, 21 or 22,
ar & varizat thereof;

(b} a protein expressed by & polynuclectide of SEQ ID
Wo:-i, 2, 3, 4, 5, 6, 7, 8, 9, 1o, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21 or 22, or a variant therecf; or

(¢} a polyoucleotide which is capable of hybridising
under gtringent conditions to the antisense seguence of SEQ
iD WNO: 1, 2, 3, 4, 5, &, 7, 8, 9, 14, 1i, 12, 13, 24, 15, 18,
17, 18, 18, 280, 21, or 22.

2. A method for diagneosing the presence of colon cancer
in = patient comprising:

(a} derermining levels of a €86 of claim 1 in cells,
tizsues or bedily £luids in a patient; and

(b} comparing the determined levels of 3@ with levels
of C5G in cells, tissues or bodily fluids from a normal human
control, wharein a change in determined levels of CSG in said
patient wversus normal buman contrel is associated with the

presence of Colon cancer.

3. B method of diagnosing metastases of colon cancer
in a patient comprising:

{a) identifving a patient having colon cancer that is not
known to have metastasized;

{b} determining levels of a CUSG of claim 1 in a sample
af cells, tissues, or bodily £luid from said patient; and

(c} comparing the dstermined CSG levels with levels of
C8G in rells, Ltissve, or bodily fluid of a normal human
contrel, wherein an increasme in determined C8G levels in the
patient wersug the normal human centrel is associated with a

cancer which has metastasized.
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4. A method of staging colon cancer in a pstient having
colon cancer compriging:

(a) identifying a patient having colon cancer;

(b} determining levels of a €85G of claim 1 in a sample
of cells, tissue, or bodily fluid from said patient; and

(¢} comparing determined CSG levels with levels of CSG
in ecelles, tisgues, or bodily fluid of a normal human control,
wherein an inprease in determined CSG lavels in said patient
versgus the normal human control i associated with a cancer
which is progressing and a decrease in the determined CsC
levels iz asscociated with a cancer which is regressing or in

remission,

5. A methed of monitoring colon cancer in a patient for
the onset of metastasie comprising:

fa) identifyving a patient having colon cancer that is not
known to have metastasized;

(b) periodically determining levels of a C8G of claim 1
in samples of cells, tissues, or bodily £luid from said
patient; and

{c) comparing the periodically determined C5G levels with
levels of CSG in cells, tissues, or bodily fluid of a normal
human conktxrcl, wherein an increage in any one of the
periodically determined C8G levels in the patient versus the
normal human conkrol is asscciated with a cancer which has

metastasized.

G, A methnd of monitoring a change in stage of colon
cancer in a patient comprising:

(a) identifying a patient having colon cancer;

(bl periodically determining levels of a CSG of claim 1
in cells, tissues, or bodily fluid from sald patient; and

(¢) comparing the periodically determiped CS3 levels with
levels of CSG in cells, tissues, or bedily fluid of a normal

homan control, wherein an increase in any one <f the
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periodically determined CS@ levels in the patient versus the
normal human control ig associated with a cancer which is
progressing in stage and a decrease is assoclated with a

cancer which is regreesing in stage or in remission.

7. & methoed of identifying potential therapeutic agents
for use in imaging end itreatipg colon cancer comprising
acreening cowpounds for an akilicy to bind to or decrease
expression of a C8G of claim 1 relative te the C35 in the
apsence of the compound wherein the ability of the compound
to bind to the C3C or decrease exprsesion of the C5G is
indicative of the compound being useful in imaging and

treating colon cancer.

- An antibody which specifically binds a polypeptide
encoded by a CSG of claim 1.

9, A method cof iwaging coleon cancer inm a paktient
corprizing administering to the patient an antibeody of claim
8.

10. The method of claim 9 wherein said antibedy is

lzbeled with paramagnetic icons or a radiolsotope.

11. A method of treating ceclon cancer in a patient
comprieing administering to the patient a compound which

downregulates expression or activity of a CSG of claim 1.

12. A method of inducing an immune response agalnst a
target cell expressing a C8G of claim 1 comprising delivering
to a human patient an imeuncgenically stimulatory amount of
& C3G polypeptide sc that an immune responge 1lg mounted

against the target cell.
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13. The method cof claim 12 wherein the CBG polypeptide
ig encoded by a pclynucleotide of SEQ ID NO:1, 2, 3, 4, b, &,
7, &, 9, 1¢, 11, 12, 13, 14, 15, 1s, 17, 18, 1%, 20, 21, ocr

22.

14. A vaccine for treating ceolon cancer comprising an
C8¢ of claim 1.
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SEQUENCE LISTING

<110> Macina, Roberto A

Chen,

Bei-yu

Pluta, Jdason

s,

Yongming

Recipown, Herve

diabDexus, Inc.

<130> Method of Dlagnosing, Monitoring. Staging.

Treating Colon Cancer

<130> DEX-0Z08

@140
<14l

<1505 €0/207,363

<151> 2000-

«150s 25

05-ZE

<170> PatentIn Ver. 2

210> 1
«<211x 211
<212> DNA
213> HOMO

=400 1

tttttbrtor
tagtacaagt
agttttattg
gaaatgtatt
gtgaogtogy
gtottttoct
acgacgoago
ggtggageat
argogettgo
adagteagys
toagaaggtg
ggagtraaas
gkoeacecky
gteoagetgas
cagoaaggoc

ctecgggacg

sapiens

ttooctgtEt
attgaacagt
grttgotghe
tttrctgekt
tgocagtety
goocktgagy
agaaatasag
gogacetiia
ogggageaaz
aayggrgeke
cakbockgebt
Cagragoues
toecktagebg
agagoootby
sggaccagoc
c

2L

gttoataatyg
agoyagagty
tkcaccaaga
tococgaggaa
gabtoaazat
coctgggoaga
cacaaccihca
ttegttaaga
gogacagaaa
cgagectogo
cebgeagggy
agtbgt tgca
GACTYCACA
ctgggacagg
cragoatgca

tttactgtac
gktgtgazat
aagacitgtg
goggcactta
ateccktgeat
ctctooeoetg
graagtctca
catcaggetc
agectgagatg
atoccocgge
cttgaaacac
ctoektgggg
ckagtttgca
coceacgtact
gagegetetg

asagaaacaa
aamgoaccay
attbitgaaa
cagkgttecct
goactgoigs
acaccotlee
ggoacgaaga
cagatatgaa
aacagtgeet
©Eg399CAge
caaggeacto
gtgacatgog
gotgteccag
tootoagoan
geagocatga
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Imaging and

aacccaggaa
tttggaagac
acttetacet
aggcttteoct
tdcttanggsa
guectatece
actytecteg
ctttcagcag
ggcagoaate
kogaggtgee
cagggatect
ggtagcegca
acaaagoect
agetogagga
ccacegtgyg

120
1&0
240
300
360
430
480
540
600
660
720
780
840
200
511
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€210 2
<211» 322
<712 DNA
<313 HOMO

<3a0%

saplens

<221> unsure

<222> [244)

<400» 2

gacaagcaas
ttiazagaaa
cckoaatcotg
caggattatg
aaanegtcto
agotetoaag

<210> 3

211> 4589
«<21Z» DNR
«213> Homo

<400z 2

atggatazat
cigaatagac
Ragaghocay
gtaccactoe
tttiatgagy
aatittagae
aaccgaatac
gggataacca
aaaatteoaac
ctcaaaataa
aaactggaay
ctatboaaca
ggttttcaat
tacctagasa
aaagtroboag
agegamacay
azatacctag
cractgotoa
atagoaagas
ggtattoaat
tatctagaaa
aaagtctcag
agacaaacag
aaatacerag

saacoohtga
gLgtitgety
gtttatgaaa
trtgttgace
tatgettacg
tegotgaaga

sapiens

tectcaacar
caataacagg
gacocagatgy
ctorgaaagt
ccaacatcak
caatatettl
agoageacak
azgacaraaa
aacectteoak
taagagoeak
cattoocktht
tagttbtgga
taggaaaaga
accccattet
Jdatacaaaat
agagacazat
gaatcraact
atgaaataaa
toaatateat
taggazasga
accecattgt
gatacazaat
agagecaaat
gaatcocaact

tgatbattea
aaaataaaga
caactgacaa
catctotgac
aasctgoaga
ct

atacactcto
ctetgatate
attoacaget
attacaatca
cotgatacca
gatgaacath
camaaagoth
cozcatgatt
gctaaaaaceo
ctatggcaas
garaactyge
agttetggee
ggaagkcasa
choageecaa
caatgtacaa
catgaakgaa
tacaagggat
agagoabaca
gasaatggoo
ggaagtcaza
cLcagoocaa
caatgtacaa
catgagtoaz
tacaagggac

teacttggat
aatccagazna
acacctiict
agttagageo
tanagctotyg

coaagactaa
gtygcaataa
gaattctace
atagaraaag
aagcogggon
gatgeaaaaa
atecaccatg
stctcaatag
ctoaataaat
gocacagesa
acaagacagg
=gggeaatta
ttghecebgt
aatcteckea
aaatcacaag
ctococattos
gtgaaggacc
aacamnabgga
ata:r.gcm:a
ttgtecootgh
aatckectta
aaatcacaag
ctoceaktea
gtgraggacc

gagtgoocas
ttggcagage
cctgatggoe
gatatoacty
tkgettgaca

accaggaaga
tocaagagett
agaggtacaa
agocaatoet
gagacacaac
kcctoaataa
atcaagtggg
atgoagaaaa
tagatattga
atatcatnct
gakgooetet
gytaggagaa
ttogcagztga
agctgatazag
cattoctata
caattgotea
Tottoaagga
agascattoce
agattatgcot
ttgeaoatga
agetgataag
cattettata
caattgetbe
tobteasgga
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roagtcaage
agtttgheet
agtatghcooe
gaagatattc
acabtgazagaa

agttgaatet
acTaaccaas
ggaggaacty
coctaacteg
casaaalagay
aatactggca
ctieatceet
ggeoetttgac
tgggacatat
gaatgggeas
cteaccacke
ggaaataaag
catgattgta
caactkcage
caccaataac
anagagaata
gaéctacaaa
atgctoatgg
agatatzaag
catgattgta
caactteage
caccancaas
maagagaata
gaactacaaa

60

1z0
180
240
o0
32z

120
1&0
240
ioo
3g0
420
480
540
[0
BED
720
780
840
300
260
1020
1080
1140
1200
1280
1320
1380
1340
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coactgetca
atagygaagaa
tgtacagcaa
gaggcectga
graatcgaco
acgtcacasg
catacacaca
agacatacar.‘
cktgaageta
tggaagacaa
ctggttgotg
tgtggagaga
gctgaatatg
ctattteacq
atazagatgtt
tybtacasca
ttbgttotee
tobatagtbyg
daaaaatgca
accacrtacta
agaattgtyt
egactgaata
gggatggtga
ggoagtgaca
atctgrageg
Qacacacage
agottagtgs
Sgygaagaca
wacacagtoy
ggagatttac
ggggooettt
ggattaaccc
ggaaaggaca
gatourayty
ctetaaatoo
taazxcotbga
gtgacttocs
aatattogoo
gtgaatygyaa
aagyatgacy
gtaaaagtge
agtggagoac
agacetgaaa
togygagget
cctggccaaa
tggacagctc
agtacaagta
gctctrakco

aggasataas
tcaatategt
tggggecatt
gtaaktcact
coaabgtgce
atgaggasgg
caccasacgo
gCcacacacgc
caggaaagey
aggetgacta
agtctackteo
agggtgsaag
gascaLaagy
agtacaataa
cagoaggtat
aaagatgcac
astccogeca
aattctgtae
ateteogaag
tgaczacaca
gittagtoct
ARgoagJoca
catttgacayg
gggacscact
gacttogatc
agttatggog
Ttagyaagaa
acactataag
crtttggggee
agacatatgs
catoaggaaa
tocagaacag
ctttgbttot
gacagaagoa
caggaattge
ceetgactgh
maacgaacas
aaggagecta
aaacagttaaq
gtgtctacte
gagetetggy
tgtacetace
traataagga
catttgtgge
tecarcgaceb
ctggggatga
teortgater
<aRaggaagc

agaggatace
gaaaztggoo
taagagttct
cattcagotg
agaagatgaa
gagagtcaga
acaagetogt
acgtragaay
attttattte
totgagacca
tccmggtaat
gatccaccke
tagggeattt
tgatgagans
tactggtaca
attcaakaas
gacggagaag
agaacaaaac
cacatgggaa
gocaccaaat
tgacaaatet
gctibtoctg
tgctgccoat
agecaazags
ggestthbact
agiygogacaa
atatcoaact
tggotgebtt
ctoctgoeget
ttcagatcaa
tggagctgtc
ccagtggstg
tatcacctgg
aggtoggcttt
taaggttgga
cacgteooogt
ggacaceage
cecaattete
cttggaacta
aaggtattte
aggagttasac
tggctggatt
tgatgttcaza
ttotgatgte
gasggodgasa
tratgacecat
cagagacaas
cagctetgag

aacaaatgsga
atactgcooa
gtghtcatct
sacaacaatg
acactcatte
gagaaactch
gtgoacacac
gacatggtga
amaaatytby
azaacttgaga
galgaaccct
actootgatt
gtecatgagt
ttctackeat
azkgtagtaa
gtaaraggac
gobtckataa
cagaacaaag
gtoatccotg
cecacekbtet
ggaageoatgg
ctgoagacag
gtacaaaztg
ttacctgorg
gatabgtyge
gazaaatocaa
gatcgatotg
aacgaggtos
caagractag
gttcagaaca
tetocagogot
aatggTacag
acaabgoage
gtagbggaca
actiggasat
gegtocaakyg
aaattececea
agggccagtg
ctggataatg
acaacttatg
goagecagac
gagaatgatg
cacaagcaag
ccaaatgetc
aktoacyggd
ggancagete
ttcaatgaat
gamgtotbtt

agaacattte
agagagzaal
tgattcitea
gotatgaagg
sacaaatzaa
ckeottocoee
acacgeccat
eccaggoate
ccatkttoat
crtacazaas
acectgagea
tcattgeagg
gggctcatck
ccaatggaag
agaagtgtca
tctatgaaaa
kgtbtgeaca
aagotocaaa
attotgagsa
cattgetgea
cgactggtaa
ttgagotggy
aactoataca
cagotioagy
aacatttgee
attgggecte
aaabttgtoct
aarcaaagtgg
aggagotgtc
atggccetoat
coatacagot
tgatogtgoa
ghogcraaat
azaacaccasa
acagtctgea
ctacectgac
gococtetggt
tcacagooot
gagoagghge
acacgaakoy
ggagagtgat
agdatacaatg
tgtgtttcag
ccatacctge
geagketoat
acaagtatakt
ctottocaagr
tgtttaaace

(145)

POTIUSOLATSHS

atoctcatgy
cacrgggaga
cottoctagaa
cattgtegtt
gggggagtac
gtlagatata
goacacacye
tctgtatetg
tocotgaaaca
tgotgatgkt
gatgagcazc
azazdagtta
acgatgggga
aatacaagca
aggaggeage
aggatgtgag
acatgttgat
caagcaasaat
ctttaagaas
gattggacaa
cogeckoaat
gtoctggett
gataaacadt
agggacgtbce
Egttttcoat
Ectggcootge
gotgacggat
tgooateate
caaaaktgaca
tgatgerktt
tgagagtaag
cagcacegtg
ccttotetgo
aatggeetac
agcaagokboa
tccaattaca
agtttatgca
gzbtgaatoa
Egatgctaci
tagatacagt
acccoocageag
gaatccacea
cagaacates
tetottooea
taatetgact
cattcgaata
gaatactact
agaaaacatt

1500
1560
1620
1680
1740
1800
1360
1920
1380
a04n
2100
2150
2220
2280
2340
2400
24ED
2520
2880
ZE40
2700
2780
Zaz0
L-El
2340
3uon
2060
21zo
3180
3240
2300
3360
3&20
3480
3540
€00
2660
372
3780
3840
3500
3360
402¢
408D
4140
4200
4260
4320
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actitigaaa
aaatcagasa
gagadacota
attedtgyoa
atagcctag

«220> 4
«311s 3208
«312> DNA
<213 Homo

400> &

tteggretega
aagagigraa
cteaagtgtt
caagaacage
aaacaragoe
tagtggtock
gracoacage
gtacacatag
coctecacaak
Ltagctacck
tecttobgaa
agtggootee
gtoccageaa
agektactat
atgbaagaaa
acccagaaga
ttzaagatgt
Lcictgteac
gtaacaatlt
kazagraatt
tggattgatt
tgegatgtge
ceagtebeag
gagtegtoys
gggaactgec
gctoatecte
geaktgatty
ttgattgacy
gagrataacg
geagaaatce
tcagaakgtg
ghtttagacaa
tettettona
ttgraaacgsa
cgatgetatt

atggcacaga
tatccaacat
gtectgatga
TheaAdatit

sapiens

GEgtaaaact
actgktgtyga
aatatactga
gtazaatgaa
accaaccaag
acagtagctg
aaatacacet
tkoctocaca
tectatacet
choacataat
agacaaagta
cactgggeac
toottgoraz
astacaagtt
ggaaaggtat
gaaacatkee
atttggeaca
caagattebg
tggoagaaaq
tataagtage
gagggetagg
aaaktgctgac
agtgtcekga
gtogootgea
aaaagkgkge
acttattigt
tcactageaz
Aagacttboz
gagogkette
cgtagktlica
gardolgeta
gactgeatgg
tckagacata
caregasgot
agegotgtge

totkttoabh
tgcacgagta
aacgtotgot
aaaaattacg

gooaaggaaa
atgageotga
cttatgoagt
agorateatt
goaackoage
cagrotgatac
tothteocaa
attoctacad
actgetglag
caccgettea
acazbgaaat
cgettattt
agatgatceceo
thigootgty
tocectggaga
atggoctate
tocbgtttaty
aaatgegtge
cacaagtgac
troaageaact
aaccaagact
cigraaangygl
tgceigeaas
gkgttgegtt
atttgggeta
gggrarcate
gatecazataa
adatctaaaa
ccheoaggtca
agacacagoa
tggooodeaa
agaagtgagc
ctgocagtoe
cacttactaa
toagagagygt

gutatbcagy
teortbghbita
cocttghocka
tggaagraga

gtaattacct
troatasaacy
attoaaacaa
catcttacte
tgacgobgta
cacbgaazch
cagetactte
ckgotcooce
acagtgagtc
totegaaatg
gtcccc:acc
ggatgacoat
cotgtgoaga
tELtagaaggg
agattteagk
aagacttgea
agacagactgt
tbgatgacaa
aabgagqaaga
tbktctaaact
ggetggatya
¢kaaeorana
gracagoaca
grotgecegg
cagtggactc
gctggeattg
caazagegaa
ctgoggtege
ggattacgge
goatgeaces
coatatgrac
acoacgtaaa
Ecatctgraa
aataagaatc
gogrrooete

chglbtgataa
ttoctocaca
atatteatat
taggagaact

ataggagttt
gagCaggoes
aaacattgea
tkcttoogbe
acaaccacay
aatttgeedt
acergetoce
cataattagt
aaccacaaakt
atggattaat
acagaagaca
gcacgoctaa
taartcgtta
tettactaca
gacagratea
tagtgaaatt
aattotiact
gttttgttaa
ctgtgactog
atgattggac
clhgcctoaat
gageccttto
agegaatget
tctaccagga
gactgtaaog
toattctdag
geatattgaa
acagucktca
etccaagaga
gucctgaata
atatotatba
gactotggoc
rggraacgtt
tatgacatta
caatcagtaa

(146)

POTIUSOLATSHS

ggtogatctyg
gactocgdca
caacageass
goagetgtea

getgagettg
tteattatte
ctagatggtg
tectktctgt
aaactgeogac
gaaactyeta
ccoataatra
acacatagtk
gtasatkcag
toacaakgos
atcaatccte
acagcacagt
ttgtttgtta
actattetan
gaaacatttg
actagetigt
gtaaggcaca
tgtaaczata
agazaattaa
cctgtogotg
ggghttagos
tgosttaath
taatazagaz
agatgctaat
acaaztttca
catgataate
gaacgagaac
coaatotaty
cocgoeetagat
ttagaatcca
ttctagoagt
toogggagtt
gkgeaatgtec
acatgbagat
canagrtactg

1380
4440
4500
4560
4569

&0

130
180
Z40
300
260
420
480
540
600
650
720
780
Ba0
200

1820
1080
1140
1200
1260
1220
1280
1440
1500
1580
1€20
1680
1740
1800
1860
1320
1984
2040
2100
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agacaatgch
ttoceaabot
cktgagttaa
gagggosaty
acaagtcaga
[loletelel ot kel
ctggaaagas
gtrtttgatg
Ezcagtbktt
gtagaaggaa
aggztocace
toatgeerte
gagecttagg
geggagettg
grgocatggg
canocatada
tttaacacaa
tattttattt
gtgeokttgt

210> 5

<211 3610
«212> DHA
«213> Bomo

<400> 5§

gatgtygogea
gotbotgebe
cotgtgacct
agaactyget
tggacooact
ggtgoecttco
ctetetotet
agtgtgacto
geTggggang
tgootgootyg
acancttctg
aagatectge
gigooecctgyg
cttotigoga
AggrYeATac
chogactgga
gagcagaage
cacageotock
caggactgag
aagghbetobg
gbeageagad

taggyugtteg
agaggsaaqe
gttgacetaa
agaaagogat
akagggoaca
ttgaaaacca
gacatatett
ctaattagaa
gaacatgcta
gagaggoasna
trogiteott
ctgaagacty
gteagtttig
ttgetcagaa
ggectcagoo
cacagzacaea
atgttattag
gttattatta
tagatggaaa

sapiens

cgecbcagag
cccagtiote
cagggtgtge
tacttgycay
cogetgatag
ctotgotgge
ctotgterot
gatttboagag
geagogteat
Eaccotekgt
coggototge
totgeoeget
gedogebagy
gaacgatgoc
catggggtte
agctotgago
ttoaagtgog
tgagaggctg
tggtacgcto
aggazagteac
agoazgtgay

tttottaatbt
ctooccagoa
chteocootgy
acegaccatc
cetgeltota
ggrecccaga
ttoagottet
ggeotggact
ggaggragaa
ggaaactggg
aggtoeaocte
Qetgggagaz
aaaattgyay
gtocccagees
ttetetgaty
cacacacaaa
tgtcooctete
titgttobtg
aasaas

ceagaagett
cocagoeact
tcoctgtickoo
coastaggaz
grggtgggcs
attottoget
cagacktgoa
aaagggaact
gooogoaaaa
grggggecge
ctoocogoge
ctgccazagag
agataactta
gagitootes
clLygacgagy
acdgagagag
gEEgECECEg
caageggygay
ggagtcacay
coggottygga
ctketacaag

ctbbteccty
ttgottoger
gacgacatac
ttteatacas
toecctecaat
gettggoaac
tcaggaggay
ataataatgk
cggggecaga
tggggaggak
ctooatygoag
gotttaaaaa
acaaacktgt
tocoagectag
acoogaggct
tgggggraac
tatttctaat
actgtitaatt

atggotoooa
giggtetaca
accctaggga
attotgggta
gggitctagy
ctcteketot
gccoghhton
ugegtggget
cecgteacct
tggaggatge
totdceagat
gagtagcadgg
crgrgagyag
gEatgttcty
coatteagan
atgagattgt
atcgascaag
cibgocageagc
atthggaagy
guogeageta
atgroagagt

gtagggoaac
coctgggeca
cgcatcaach
toacaagota
ggaggagatt
ctagccteaa
tgocttggoa
ccatctaktog
gagtaaaaaa
cazttagaga
cazaygages
acagaaaaLc
cttgycaaag
gggtgtangy
cagotghgge
ccacatccac
agcoctgtec
gtgaatygta

cctgotowmat
gatbccaggs
coagaaggag
attcgagacg
gaacacaaga
ctettbetet
cetococtgeg
gaggegaccg
g9aa3ggatg
ggtgaccatt
gggggeccaa
cagagactoa
cacggegaga
cagggagagt
ctaccgggat
aggatgtaaa
caagaageoey
agegatgtet
agaggyatga
aaggagetog
caageoagag

(147)

POTIUSOLATSHS

aagaceccat
aaccatgete
atggaggtac
cacketogtg
ctggccaaac
CCcaagaaga
atccagygasac
ogtittaate
acatgacctg
ggagocacaet
cttotctaag
caggagtaan
ggtgccaagsa
tctctgagat
caccancaca
gtaaccaage
bettaaasgk
atgeaataza

ctgacaggaa
aacccataac
ccaggagtaa
cocckbggaatt
ggeggageea
chotetgtet
cttecagbtgty
gagkggacyg
gtecatgagc
ceetgtggac
teectoghgga
catggocect
agatctacktt
cocatgeaco
cgktctcagga
grgtcaagaa
teagagtgea
cetgetggey
atatatcaca
gaggagaagt
caggtgtgag

2160
2220
2280
3340
2400
2460
2520
2580
2640
27060
L7760
Z820
2880
2540
2000
3060
31z0
3180
3206

120
180
240
300

420
180
540
(390}
660
720
780
B40
200
260
1020
1080
1140
1zo0
1260
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atgaagactt
tEtccacand
egeatcatet
gacckggtee
Cragacagos
toogggeges
osggtggecg
cgtchgggen
gaccighong
ggcaggtyac
ttttctoogg
aggetgacan
gggatccage
cgagaganac
geectaagot
Jagkgoagaa
cecggookbto
caagataatt
aacttogbac
Ltateagoae
tggacttgia
caattagoge
caatttagoy

<210> &

<211l> 1627
=21Z> DNA
213> Homo

<400 &

ttttatttte
aacaattaga
atcgacaact
agbttoacag
atgateoatgh
gggtageagy
gccattbtrge
acctggocac
coctggggey
gtgggtcgag
gttguatockt
tacqeaaata
gacactagegy
ggtgraaggh
tgcagtgccg
ggaggacaad
tyagygaaac

ttgtgagtec
azaatactes
ggaaatagat
tekcggaaga
coctgeogett
acegctggca
9g9aggIast
gtgatcatct
clgagogaga
cotocataas
aoaaqgtett
gggggasaty
tooguototy
acggggactt
cectgacgtc
ccacagacgg
ggggaaaaac
atclbgggaa
trtgacacas
taggrggace
gagaatgkoo
tgataggact
ccgagatggc

Fapiens

tagagtgata
getttaggee
gaaaacsage
acagcoaccg
agaagcagga
gggakggtec
ccocbkbteduy
goadatatgd
gqytotectte
aageugacds
coctgtocca
aattotoatt
gtggarscgga
ggatacgace
ghogaagage
attgbecaagy
ateakbgotag

tgaggooatt
cactoecaga
toagggatea
caggaagtca
cgacggcote
agttgacctg
gagzaggeca
ctgcacceay
tocogeycay
gegcagages
cactgroott
Fggegegega
goocagtgtge
gagtctegaa
ctgagectec
ctbcgactgt
taaagaagga
aaatcaggot
aectgaagat
coagggonce
taagaasgtc
ggaghaaggc
tegaggoagt

tatattittt
cetogooetc

teteectgac
galgatgaga
tcactokgaa
gtgaggtaca
seggoggtte
cagctgagey
gg9gagagaty
cagtoctagy
gogtgagagh
caggggoooa
gsecgoetgg
agggeggeges
gdcceggagy
cagoggttat
ctotgacgaek
goetagggea
gacatetaaa
ettgetggac
gectonasce
cteootttoon
kgactcacag
ttaaatccan

ggtctltitte
coracancea

cegttcaaga
atgttcteoaa
cccktcagace
cocggcagas
bgggetteco
ecggeggeoa
ggsctcagdy
coagoacctse
cyacctggae
tecttoacct
acacaaagzgg
EgCggagacy
cteectgbge
ktotacttta
ctggooktek
acagodaace
atgbaatgtt
ttgoactaat
trgraggget
ttoccttotg
acckotggat
tgggatctty

tittetitee
cogeagazee

gatcacgxaa

(148)

POTIUSOLATSHS

agatcogtya
gaaaacttygy
gooagoegga
gaagagcctg
gggckteoton
ctgcacggtg
cegaguacyy
CoUgYGeaTc
tacgagyogs
tcactgycto
tookggocth
geggctotee
cegegtgage
tttatcttag
ctgcacctoa
taggaacceg
tanactyttt
ttgtacagtt
tagggecttt
gtcatttcte
tooatgtate
coetgtgttag

thecazaacs
c¢Ecccatata

tea
acasagcaaa
gecaagagkck
ggasteagas
ctgoacgyey
agreetagge
agcgctggg
gakboggagy
kLgtaccactt
:ggac:cl:c:
eggtogagng
gaagagagtt
aagagaaget
ctecatacgac
taaatataac

< aga
=aaacttget
acasattgaa
gagraaaget
ggtactgtkt
cotgtgtagt
ctagagceac
aacgctgcag
gtaccoggas
tggectgget
atttitctae
gattteoagag
acagtctgke
cracagkgtg
atttegtgea

ectaggastg
tagagaecty
tecatgotga
tcooagaage
cagoatgteoe
caagCoroggg
agegttghteg
gggagteatt
Ltectgtota
aaggggcoge
ctagggagag
aagtggtoca
accktattet
mroaataatgl

toegoettge
attaagtatg
tyogttaggt
gogogeacoe
atagccoegat
geottctotgo
cactggggeoe
gogaategag
cagtggggtt
tbgacttgeg
tyoggaagaa
cagatgaaca
gttggaagga
atataatggt

1324
1380
1340
1500
1560
1620
1680
1140
1EBQ0
1860
1s20
1%80
2040
2100
2160
#3220
2280
2340
2400
2460
2520
2580
2510

€0
120
180
Z40
200
360
420
480
540
(1)
(13
720
T80
40
s00
260
1020
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$oyRIFLIgS
gtacttbeta
cokgagaata
aactcotcac
agaaccoggy
tgcaackggt
tgtgtgastyg
tgtagagaag
ggcatactag
ceaactattt
ageoatg

<21d> 7

<211> 929
«213» DA
<212> Home

<a0d» 7

catogtatgea
Agacaaatac
toecttotgac
ctbtaaaacs
agaataatgk
atgrtatkbtt
gactaaghtt
tttagagaga
agkgttaatg
tattaatacg
attttotgta
taacattegt
ggecaatkgy
tgtgotoekta
attactaatsa
tgazatiaac

210> 8

<211> 2302
<212> DNA
<213> Homo

<i00> &

gagaggasge
ageccacghy
aggggeeget
cgacagenge
gaaaagcaay

gagtagctec
goocacegge
gteggoeact
tcaggagter
cttgactgac
agtgtcacct
tetgctgage
aaacaggUas
gagetegact
ctatcttcta

saplens

atasasaata
gbottcanat
tagtanbgcs
agattgaatt
ttocactagt
gaasagiate
tgettotcty
pggttttece
ggatagarce
aatbeagtag
aaggbatett
catal’.aaaag
tocacattatg
tacagaaadg
aaagtggtit
tagggaatac

sapiens

agcatoagga
tggeinacey
tiggeocctte
gakgctggea
gaagecgoay

acctaagata
traggagta
coatgggaat
gackotagac
agbctgagay
cacktgactg
tgtgtagagt
grtpgaagky
ggogbetcte
aatcaacaaa

anagatacat
acatcagech
chectgooos
attttgckte
gkttegteat
bgtgateter
ttoccecaza
catckctgtg
aztgtagaga
getcacagea
tagaaazata
gctcataaza
cctagacatt
gaaatctgga
gttgakatge
ttcotetata

caccttacea
gggaaggggt
cateoctaogty
gchecoggeco
tgggggtgec

ccttcataga
ggtttgctoe
gotatggcooa
atctogotgg
ctgttkbgeo
aatggtggkbt
tggagrgtec
aggogetagy
ttteoctkbgkg
actttotoct

acacaasalt
ctgaagocte
tectgtecas
tgtgaageke
ttactegeka
aatgagetty
gagaacttta
agaaagctec
acagcatatg
tgaacctttt
tgtatasttt
cgkgtgtgge
chggbrttgt
catettgece
taaataggtt

coasbgooge
gaagtgaacy
CogIgagecs
ctggtggasa
goekhooogoe

accacgtuct
atbcttococa
tgetgoagee
tgggtakbtg
caatttggtg
gtgageotoae
ctogatgact
acttooeaga
gceocatcaca
aacacctaga

ctttaaatgt
tgraccacto
gtgtcaaact
tloctgacta
Laataagaat
kaaacatetk
ttaataacat
agastetaca
atatgtgaza
tgccaaacty
gaanaatggt
tytgtttaote
tgetiggggt
ctgthattaa
granaagekg

tgcctoagea
geoggagace
chaggroote
tegetoacea

cagccegete

(149)

POTIUSOLATSHS

goctbttett
tagoootiag
titgggetge
cattaggggt
tgogatogte
cccattactg
tttgggtggy
aaaattacag
ktcttaggaa
gacctgagea

cecacaciaca
tacacgobge
cccaatcacc
teocogggat
acgaaagaac
gaggaatags
ttaceatote
accaggaata
tgtacttrat
gggggazagc
tatocaaatt
aaaattgtag
taataatggh
kacacctgtc
teacttigea

tocaccocge
acgtggagaa
cggcoatgge
acagragaaa
coggggagoe

1080
1140
1260
1260
1320
1389
1440
1500
1560
1620
1627

&0

1z0
igo
240
00
360
120
E-14
540
509
660
30
780
240
00
928

E0

iz0
180
Z40
a0
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cacgeeacth
coaatekoct
coggoagcag
aagtgegege
gtaaccooca
cageactace
tgtcteatte
aacctgaagt
atttgtggka
agtgcaagge
tocanageast
goacteoogtt
azaactagoa
catttgatga
gggoecacay
caggtateta
attoagaaco
taaatattct
ggbtttggaa
atcggggcta
tgecegectc
gogagatckbt
ttygggegon
tggtcaagtc
gaggeggcac
BCCagggooc
cdoggoasac
agcocacocs
cekgbgotgy
aattaagtec
tttogtocca
agagaaggac
caattcotger
peatcctaaa

<210= 8

<211 1769
«21Z> DNA
=213> HOmMD

<220=

gogoegocca
coggggogen
cogoogoaat
cacgctgote
cgaggacaag
cesaaccoca
caccazattc
gtcaattogy
agagaagata
ttttaatagt
cotgocttat
cacttacagg
ctyktgatttg
ggctactaga
aatacgotbh
toctettacea
castaagaca
geaatbiggt
Chgggagtit
ctgeottgteo
cgggagcoage
carcattgcg
CgeCggegce
cgggetggge
cecoackgoy
cgagctgocca
agatygaagy
ttceccoget
gaggaygggca
atggtcasac
ggaagochtt
aagottatga
ttgtgacktt
bckboochtt

gapiens

<321> unsurs
<232> {(B7B)..(94E)

<400> 2

geocggactg
ggegagecco
ttgaagatct
cogaagacygs
cagbagocoo
agtheocoaaac
agaatattta
tickocaagat
cotyeogogy
coacactaaa
gtttaaaatg
tataagtcta
chtbectaca
gttocaaget
cttagazgaa
caaataaata
chacaattte
ggaatgagaa
agaggtagtey
togtgagegt
giggegegea
geggctgoty
coegaggaga
ggcacaggty
gcbtdetige
geatogoege
gocaaagegy
tgooacacot
ctgggaacca
aagtcacgaa
tocgatgagat
ratttggtet
caaagaagoa
ack

gaccageage
Coanacoage
cgegetoogg
goaggtocte
aatagockge
ccoagackte
<acaatgcct
ttcakgacge
agtagagtgg
ataggctagta
ctictactta
cooctagaay
gagtcotgaa
cgagetogty
aaaactaatt
tttacaabge
cagaaaaata
caacgcgtaa
ctgggtagge
cacraggans
ckbtectett
ccggatghtgt
ctteggggta
gegtgggete
ctttetitet
tgteggocat
ceoetttcte
gogactgeag
agtgeateat
atktcceteo
acttaogaga
tgggttectt
tgtctagact

Lcocoggaga
caagttatac
cegoctttaayg
ggaggaggea
gegotecagg
aggccegeoe
teatgattaa
caaggatgoo
cataattatt
cazttttgta
agaatgokbe
tgcatitobe
atazctageoe
actaggagca
atgecaccoct
mtcctbgaga
aaatdatgas
935ggcggac
agtcctogag
gootyeeteo
ctocthaaag
ceccegtatas
ctggtickce
cecgggagcy
getgttggtg
9gecggayeg
cacgtggtct
ggtogatgot
ctetacaggt
azagatitge
attttatate
ttaaaactot
taactttoce

(150)

POTIUSOLATSHS

accageacec
ggggaraaat
gagaagaAgTa
ggettieetg
actgootaca
ccttacocgt
attttetgg
ttgeatatit
ttttttctae
gtttaacate
tgtueckeoce
acggraatta
accttcottg
cagggggcea
tcttcecgegg
gteakgaaat
ggeatbgetg
ctgaagtctc
cgrgcaggnt
tocegaggace
cggecggage
cttgtockggt
cgguagetge
ggetgagegy
agogattiee
cctaggggeot
ceggoeghte
gaggeagegy
gaacggtatt
ccodategac
ccagttagga
ggctbttgac
ttyaaazacy

30
420
480
540
600
660
720
TEQ
840
300
350
1020
1080
1140
1200
1280
1320
1180
1440
isao
15¢0
ig20
lgg0
1740
1800
le60
1920
1580
2040
21090
2160
2220
2230
2202

attetocagt cacttectat agacttokgg chttcotgioa ggeatatsac aagocbtgaaa €0
trtgtcactg gtbttctaaco ctmegtaaaa agcotgaacaa actcamamgt caacaacttg 120

&
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ttasaatoss
cactcatgac
etcococagyg
tacacctgtg
tgaaccagcs
tatgtttict
atcatchEnk
taacatoaca
cacacctaag
totgttoagg
gatcasttty
ttectageoaz
gaaaagacth
DONANDNGRDN,
gtatcccaaa
aatccaaaac
cggatttogg
ctgatacath
ttggaatttg
tgteatggag
aaataaaatt
2aggottagy
goontaggaad
tgtgtagtat
ggtgggttey
accagatett
accganagaa
ctageggoaa

<210= 19
«211s 2159
<212> DHA
«213> Homo

<400» 10

cactageaga
gockeckggg
coboaacaty
caadctdadd
graggggagh
Lgradagadc
goetgebggac
catgaatgty
geogggocty
antgaagacco
aggucktoag
ggagoaggea

teagagatog
gocatootca
tggagotgoe
toetcatgat
actaggeogtcet
gaggttgata
tgootaacte
cacattgett
agttoctete
gagtcactga
gaattoagag
attagataat
taaggtgtic
INANRRANAN
tocgaaaate
tttigagtge
attggatttk
caattoatgg
tottoggoatt
cactagtace
ggaacatace
cttoatagty
agggatgigt
ca\:agtt:ar.
tggtotogek
aaaggtgotg
caaagcttec
agetetecer

sapiens

gaagotgttg
gggacoaggc
tcaaggoooa
Leagagenea
cagagagico
cgugtataga
attgagacoa
gogreaaaca
ccaggracta
agootgoaga
coaggecagg
cgeLatotyy

ckgggcacte
acctgotgty
caggeagaty
gatgecatty
cacttagack
ggagaggaag
tgcacaggaa
ctectaactk
Lgaccggitc
thtcasacca
cagacctaaa
tapatctita
ccocaaatgh
nnpnonnenn
caaaaataca
caacataaca
ggattitoag
ttitctiabas
gtaagigtta
ttetcagige
tatgatggag
agggaghttg
ctagtoegas
tttatgkygg
gacttraaga
cggacccaaa
acaegtotgga
ghggactga

tccktoeace
accrogectt
goagcagage
cocktocegoa
aggggoecga
gocaagactt
aggaggaget
catgotoota
goactorget
aggorotoga
acagatggag
agecyggoat

catctebgag
gogetoatat
ctgtctgata
bcatsaogtg
ctacccagtt
aasaccttic
ceaggggcag
ggcatcattt
kgtecctotta
chtteageat
cokbtageata
ggaccaatga
cttteacnnn
nunnnannnn
zaztgtacca
zttazaacaa
attagagatg
cectactooa
adagattigt
agaaattaat
goctgtoctat
ggaaaccagg
tgaagoagga
=ggatgttca
atgzagoeogo
gagtgagtag
2UGYGATCE

aceagoaccg
cactggeaca
catitactby
gcaragegtg
gaatgocthg
gatoekgeag
ggactctkaa
caackeecate
crtecagkge
ggaagagety
ggggechget
coctecagaa

tggactcbtg
cctcecagtaa
ggtttgotoo
gagtocettg
acaazaactt
acatgoctot
ggagegeLet
cteoccttiat
acaggtoboa
ettgecttay
atattaaaat
taagaatigh
nannnnannn
nANNNANRaC
azaatctgaa
azatgetcac
cteagetggy
cgtoteggay
agagaccooc
tttacaazat
ggecctoatyg
tggagatage
aggeoggagt
geagograge
agacchteac
cagtaagatt
gageaggrtg

gaccacchgt
cagggagoog
cacoagangg
gagoacttga
cageagotgt
gteagggacy
cgoctagaca
ctgtccatca
caggaaghgd
gagraaagad
acggazagge
cagocccacs

(151)

POTIUSOLATSHS

accccatoct
atcctagyac
ceattcoaca
gactgagaag
zaactckagt
tttgaggett
ctazatttac
gtaactgaca
cateectote
agoataatgt
gasatactac
cracctbaty
TNTONANNONE
tacagatiga
atgctoocaa
tggageattt
tgtcagatge
atttatgtagy
cetttoasat
ggaatggaac
ckoecopaag
catgtacaca
gggaagtaca
agaatoatyg
agraagtgtt
tatggtgaag
aoactgotgy

tocaagaces
tectoageag
agtactccea
tgacatgoaa
tegagatgga
getggeotgea
geatccagge
ccgtgoagga
ggdtagagey
ctegaettgg
cgotoeetat
agaggacceot

180
240
300
360
420
480
540
[
EGD
720
780
Ba0
200
360
1020
1080
1140
1200
1280
1329
1380
1440
1500
15806
1620
1680
1740
176%

1z0
120
240
300
350
420
480
540
600

720
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agagoacag
sagtgecktt
cgaggaagtyg
ggeocaggea
aggtctoace
tectgggaag
tchtecaagbo
tgatetcaco
ctgagagtaa
caggcgakbcga
cotoceagoea
azadetgoee
cacgguaaac
tggtggebeg
aocctasage
tegacttage
tgccacggtg
togggagota
gaggctgica
aatcaggoos
tettetggat
Jaacaggoed
taaccacota
agzatckghh

210> 11

«211> FB72
<212> DHA
«213> Homo

<220

ctoocaccat
astecgecte
ctgzaccaty
aagaccagea
caggeacagl
getggocacc
cotgaaatta
cotootoacs
cottbggatg
gocectgoca
2gCaccctta
agoaagtece
tyackgtguk
tgaagaatga
cgsggaccca
togaggoctg
aggacacttyg
coaggatgat
gaaggatgoh
cgctyatgaa
cccagtitge
agaggckgaa
tttattttac
cagtoaatct

sapiens

€221> unsure
<222x> (3663} ..12664)

«400> 11

gaaaccgaca
tgcacaaaan
caageoctgs
gctagggiga
cggatocoge
tagggooagy
ctotattgbn
agactogoag
goocaggaga
dgctagggge
gotoggoete
gtitocecaaga

caastacctg
actcacacag
gagtctoceg
gatggtgttc
gtgacatcag
COgYUATLaYy
sactgoatgt
gtatgtggga
gggtgtggca
asggcbgogot
teagggaage
aggecatgay

coocasggce
ctocasggeg
tectaadggga
ggaagaagaz
acagttgack
rggctgaagy
atectggoca
cotaaagota
gaottgggee
raccaaccca
gg=ataceagy
btyaazatgea
cecaggtagag
3gcgggacag
bgggacceoag
aagaggtoac
ggtcoccchgac
atgtccacca
tggggataag
agatygcaga
agozaaccer
geaaacagtyg
ctotttocon
cettotcaak

aaatacacag
tacacaccat
ggetgocotg
cocagggaac
chageoccet
yoadagacac
ctLbaggttoo
coagggasgo
gtgttgtggg
Lectbagoay
ctgggetggg
ghtggrgect

140

cotgorasgo
gtoctetien
cattgagoby
aLtrgygaaa
gottocagas
agacaagtgc
ggtgecctga
tcaacctogot
cagectggac
cattchcaga
accetgtbie
agtottgtac
sagctgasay
agoggrtacs
ggocagtoac
agactgacto
gggggageco
ggaggecher
coottaggos
totgataceoce
acacctcray
cocctbctygg
aacctggaga
azaagoakct

coacagacag
agctgoacata
gggctattge
agaagbetoo
cgoggotgeo
ttaggooctkt
aaatgetagt
cgogtackgy
cogittgoag
thotgoaget
ggatootote
coaggacoos

cacaccagty
coegaggadc
ttoatgggaa
gaagagaaca
gatcaagoac
ceckgagete
ggctggocta
acagtocotgh
cackagoogg
tgactggcaa
cetbagggos
gagqetbtgaag
ttctyggacca
trocaageaa
ccotatoggy
caggcagaga
agctacttog
acgadatooh
ceoagottaga
attagagoce
cgtracadag
cogtgtiggsa
attbatgoct
tcaagottsa

acacacacgg
coctgaccca
ccacocoter
agtoogatot
ggyagetgiy
gttgggagaa
totackagag
cocgaagggcce
gagoacacac
tgebattaag
agttacedtt
cocttgtaan

(152)

POTIUSOLATSHS

CCtgagaacc
cagagaggga
agotggagaa
aggacoagyy
agcttcoaace
gtacacatoc
gecagoocaag
ctaagctcac
googactygga
ctbeoagage
tecagteadc
craggaatee
cagrasgegg
catcobggag
ttecaatget
acttckceac
cattaagacc
gtecoggekg
cacctocaag
ogagaatcoe
caaaaacaat
gottacocag
aggcttghcoa
azzaaazaa

aagractcts
aacagkctaa
caccgtedce
taagetetge
ageickgbge
cagagagagy
goatctoate
actggagtca
gbctggoatt
gottogcagg
cacrtbotet
gatagaazat

780

B4Q

LD

380

1020
1080
1140
1z00
1360
1224
1280
1440
1500
1580
120
1680
1740
1800
1880
1320
1580
2040
2100
2158

120
130
240
360
360
20
480
540
600
660
720
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ctetacteag
gagatgogeg
ggatgagact
tecectgcady
accktetgtt
goceaagyet
ggagatagta

agaggetggg
gosactogge
ttggggedee
ggtggaagoa
gbbtggooea
tecaggacag
goacagagos

otgoagooca
tttcagotga
aagcaatctg
aggaagacas
gaatagatat
ctgaotttce
cagctgggac

ceoEatygy
gtoobrttee
cockgaaaag
gaggtotbgt
acogbgacea
atakbeattic
g9tggcagat
g9Cgaageiy
ctgeotgato
ceghooaggg
goocracggan
actglgooaa
gtooatckta
aagaacgtge
ctobacttet
gegogoegat
tiogetaset
cteggactge
ggootctgoa
gagtattgty
gatgettgsg
atgtatcoea
cagtggoogn
geteccaaase
ggatgacotg
ctgacttyga
tggetgtace
attttetkat
aactackgag
caaactaaca
aagatgagaa
actacctoca
ttaggttiae
tegygaaggg
ccchaaaage
ctgggaatay
canaggogtlt
Ltaceagagg
taacasgote
ttgtaggtaa
etyotbgtat

agtaecggag

aggoccacagg
atccttocag
tgecaigggt
teocechtba
trgttocate
geacagygtay
ageocooaac
attgotaeag
grcaaatggg
ttegactbeo
gegeaagheh
aatgaagaaa
ggcaceoett
gtgetogact
tootggagcoo
gracteoacta
cagcocatgo
aggaaggtgt
coceccctgaag
ggoagtedta
gatgtatgag
ctgtgacoto
agastibctt

tacdacaaga g

agoattttte
cectgacack
qogecagadg
gooagokggt
atggotteat
tatatgtctec
cgaggactgt
ttacazagat
agaatgggag
tocatecaak
aggcctggga
ckgacactaa
acotcckggt
atagggtatc
tactggagat
tcagagaace

gocoagesty
cettecatct
cocotggooak
gtooocdegih
toocottdbga
catgcagggg
gggaggatay
accaactota
aatgaactot
aacatcaacts
tcazagtcakt
gatgoggogh
gagoagatge
cotegtggge
atgtcaacag
eoLgugeeat
aacataskbt
cotcogtoat
agagcchgaa
tgettotoda
tacsagatqe
aacatkecige
ctygcadadcc
tgagattaag
gotaachac
gammcceaga
gtygecagia
atgatgaecat
attagtaagg
ccgagttagt
tacggagotg
atgbetgeco
ggltactgyg
gazagggsag
gagrotiictg
gatgtggckt
gacatbagag
gttbggattt
aatatoctott
titgtttatt
dogtatttta

11

gyCeccacay
gatcitctgoh
ttradagyge
tacceetgge
kggecaghct
teaggcaitg
tgogoacagh
tgettoacaz
ghgaaatggy
chtggacitc
cttgaaazge
gacgtitget
tigektacet
agagggcagt
toatgookga
agocccagetg
tggrgrgect
cggeagaigg
totatgeagt
cacatcatgy
ctgegotact
gugaggaget
gttetaqget
zoagggatat
totcagggac
gacaccacat
azgagookta
tocatggect
accagocyet
ttotovacas
aaacoatuta
acceocthoaac
gttcacecag
gorckggyge
attggattgs
aattacotte
caggtttatk
ccatgeatat
tgcaacdtt
agotctaage
aagagoaaad
cttooatete
atttgetggg
gagaatgttg
tgatcteoaat
aktgttotat
goghotggge
tgagactreoa

taggecaaga
cbtcagectt
cbgggcaccc
cacataqatc
Lygstotoke
ggcagaathke
aathcaaggat
ggeEatgtgy
ggatggatte
tggagetaeoe
atecagootgg
aggazgtetg
codgtaggas
ggtgoctgaa
teoctaceotgt
gtgaccocaa
teagcoaact
gaactacgty
gaatggtact
cagagcgcag
cekbocagac
ctoettocac
gchgaggtay
gaaaacagga
acgtgatgot
ceacattety
Tgaccgagoa
googoectic
avagatccoo
ggaccagags
ttottocagoa
ccaaatgtga
gaagckotgt
ckoaagotge
tagaagagaa
agotgeotagg
gttattgcoea
ggoaggatea
gacaaatago
octgocttate
ogcgebibbt
acttasccan
tacgtyaata
ggtaggcage
gtgraaacat
gktgatgata
gyootkegtta
tggaggasee

(153)

POTIUSOLATSHS

ctaaggtctt
tEccaagiea
tagecectta
agctggteas
tokggcoooa
cttgtagcan
tgocattget
cockaagaag
agactttaty
ctggotoaca
gaggg9565ac
ggtceagogs
accoteagge
gooctgyatg
cecccoagag
tgtccacage
caaatgoeoda
gaagtgtect
acagaaagaa
tocgettota
acctyagsag
ctgcagogat
ceageageaa
geaacatkct
gacggattbt
tggtacecoct
otggactggt
tacagcoaag
ggatgcogga
cageggotag
ccahaaacng
caggacctgg
coasagtcoat
atttoctygg
ggacctgtga
aagagcgact
goatcatata
ggcteoateag

tocasatgt
trtggtgtert
asagagcttt
ccaccochae
tooctzataa
cagcactett
gacagagaby
titgtethng
teorgaaccec
ataactacct

T60
40
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ccactiaaga
coaggoakog
gagotothth
agtgacaagg
ccebgraatg

<210> 12

<21l= 4728
212> DNA
<Z)3> Homo

=400 12

atggecagac
cotgoggoed
caggagctgy
cacacgagtg
cakgtggecc
ccockgrggc
ctggtagecg
agtagagoce
togoaggagy
ttocagagagt
gteacgatay
tgecoogage
gtgotagget
ctgctgsgag
ctgotgtoge
©gagyegety
ttggtacagg
ceogtotooe
cebgoegace
gatacagoero
ggcgeegtgy
gocacggagg
Cacaaggacc
aacacgettt
gocageagen
tteecactay
atcttcaget
agtgacaagt
aggagegoey
gasaagacca
goceactggt
gagaggragg
gococoagoo
cryggaggtoo
agtoagogge

atacetgaza
ggaccaggca
gtgtggtaac
atgcaaactg
teattectgyg

sapians

agcgggtaag
cocagocagga
aggtroogaga
agoggatgco
coactaccaz
teaakgtgga
gcatcaacce
agoocageag
ccoocaggagg
tocogothcac
accaggtggy
tgaagctaaa
atgooobosa
gogtgggeoe
tgoacattga
cetoctttagy
ctatceoagge
getcoctgea
tgegogagyy
agaccabctg
ggggrgtgat
ceadgbotag
acgecchoas
goaagagyaa
getEocoEote
gocagooeay
tcoeatacaa
gocagatgte
geageacacyg
tagacotgog
tecagtgogag
taagettoca
aggagetgga
gagaccgger
tgcogogacy

atgotagaca
camagcigty
tgtgataaca
tagoagtiag
aagcetoaag

cttocageoac
actgoaggag
coggctogor
gcgacgtges
cekgggtyey
coaggatgon
cgtggtocea
ceooetggas
tggacacagc
ghetgagate
cacttttgeor
goggctetgt
cgagtogety
eatgeackeg
geagtacagg
cteatocacs
cacagectoag
ggatasgoge
tgtggccaag
LgacgEggoa
cegocagokg
cobgeteggy
gactggcace
getetgocte
vocacagogg
cgbgcaggot
agooatccte
cottgotgte
g3gcgecang
gocacgaagse
ctgobgttat
geacgaggeg
ggagegacag
cgoctoctoo
rgcccactek

1z

ctgagtttee
coRcRLEELG
gtaccocgoaa
tgetcagtag
ty

gaggtgtace
cgaccoctot
toctoccaga
cactctanca
cetgactget
ctettotbec
ggggagacct
89geaggecg
coctooeote
cocatotaye
agectocten
tgcaggoacy
caggacateo
gtegtecage
eaggatogec
geoctctgoey
accgtatatg
tetyogegye
gocctacgacs
tegoggggec
ceccegacks
gacatgegea
tatcacogga
acagageoct
agagagaccc
ggectocoes
#tgaaateag
toteotgeoceo
tgtgggeceo
ctggggagee
ctggggogag
tacocagegg
ctgtooogtn
cagatuaace
azcatgeken

cagootceon
actcagggaa
aatbgagtic
cageaacgod

cageggagee
ccogtoaggh
tcaacaagth
tgctroaceat
gtochoogegt
teaaggactt
ccgotgagge
aaggcgtaga
cigacuagea
tggattacca
tecogeoctgge
ggeroctagy
goaagaacca
tcttocasgg
gectoatgeg
cectggaact
gcakoctghe
gyctgogeay
cagtgogaga
atgagragaa
tggtgaagoe
accagattgt
acctgtotgg
gggrtcacte
sagggtocca
ccacactich
gcactgggag
atggrbgeay
ggatgatasg
cageaactae
ggcoaghacs
agcoagooac
aggtgticat
agtbcoctgta
ccatcaange

(154)

POTIUSOLATSHS

ttagetaggy
93gateggga
ctogtotaga
akcagaccag

agccacagge
gttcateogtg
cotgiancta
cazaagegotyg
ctogetgatg
cktcactagt
tococceogag
gaccactagt
geecatetac
tygoaagcac
ccanactoaac
tgtggacaag
gctgeoogge
gttecgggac
ggggctgsag
cagcasccgy
Cocgglagen
gggecageay
ggacatcitg
ggggctgacy
gotgatectg
cooogacgoe
gagggacgag
aggoBcochyg
gggcggatge
tetkagtote
gtcootogog
<agggagega
2agcotoggh
atgbggaagh
cacgaagaag
aggccotgog
cgtgraggag
crhacacacg
gctgcatgeg

3660
3720
3780
3840
2B7Z
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gococcacta
cggotcaatyg
goeggrakca
geocageooa
gaggocacag
gagttoeget
atggancagqy
gagctgaage
ggctakgrooo
ggaggrgted
tygotgaeea
gotgoeroet
caggockatec
tecogotoce
gacctgcggy
gotgagacea
gtgggagucy
gaggccacat
gaccangeoo
cthtgoaaga
agcbgettee
ceaggicage
agokteooat
aagtgocage
gotggoagea
accatggace
tggttocagt
caggtgoctgg
gegggtagtg
tgaattgaca
tgtbogeetc
gragteagaa
catteoeccegt
cacctctaty
cgaggetcac
oolktattgaa
tgooototog
gtgagctcag
agrebetgto
ggctgeghye
gagecagoek
gracagoocot
ggacoooags
cetgtoange

=110> 13
211> &BB0

coascctygg
tygaccaggs
apccogbgat
fgoagooooct
gaggtggaca
tcacgtetgs
toggoacttt
tazageggct
tcaacgagtg
gocoocatgoca
tegagdagta
thggoteate
aggoacays
tgcaggataa
agggkgtgge
totgtgacat
tgatcocgoca
coagoctget
toaagactgg
cyaagerotg
toctooccaca
ceagogbgaa
acgaggooat
tgtoocttge
cacggggogo
tggggccacy
ggggetgetg
coaguagaad
gagggetgte
gooagtdcte
aatgoeagoo
gagatootgs
gaatgagock
ctttgoocat
tettagbaao
gaottotaagh
gagecoogag
ttrccagoee
ttgecaaccotg
Ectagyeoea
ceccaketge
ghbggttggty
tgetagtaga
ctocoacaac

tgggoctgag
tgooototte
cecaggggag
g3aagggeag
cagoooohoes
ggteecoate
tgctggacto
ctgitgoagg
gclgeaggac
cheggtigte
caggaagoat
cacagootet
tgagacogty
gegekotges
cazggactac
ggcatcgegy
getyrooooy
cggdoggcatg
cacdtgtoat
cotcacagag
geggagagag
gggtggacte
actoatgaaz
tgtctototy
caggtotgog
aagactggey
ttatotgogg
ageoadgact
tgotgagetg
tegtercocn
accagganck
paccocagtbg
gascagctbe
gotgttooct
cotttoasgn
ccecanetgg
tgotggtt ko
aaggegegtyg
aggaagcaac
gegreegtge
tteootacter
gagcagotte
ggaagageag
agcctoatth

13

tgctgtetoe
ttecorcaagg
acckeegetg
Focgaazgey
cctectgace
tggetggath
cteoateages
cacgogetac
ateegoaaga
cagoctohtas
ggecgoenca
gcogoectag
tatgacates
cggaggctge
gscacagtgco
ggccatgaqgo
actgtggtgs
cgcaacdaga
cggazedtyL
coetgggote
acccaagggh
CecooTacas
tcaggeactn
cococcatgook
caccggatga
agoccagraa
cgagygecag
acegrgogoga
Cogagacuda
taetggobgon
goagggatag
cagcacteat
agtoctbgoee
tgggotgeas
totgtecaag
graccoecac
tgcttatgic
cecaaatiaa
ceagogaaca
ttggazecce
coectoebtt
tecageeoct
cozacceagg
ccacctattlh

gegteteget
ackkctteoac
aggotogece
tagagaccac
agcagcececat
accaktggoaa
tggcccaact
tgggtgtaga
accagotyco
aagggttoeg
tgegggaget
aactcagcaa
tgtaccogge
Feaggggeca
gagaggacat
agaaggggct
agoegekeat
ttgtecooga
cLgggageda
actoagggac
cooagggcag
thtottcttag
ggaggtococt
goagcaggga
taagaagoet
ctacatgtyy
tacccacgaa
cgetecocaay
gtgcacaggg
aattecatag
gggaggacey
ggtocracet
ctgeeetgec
tactettcoct
oatbtgotge
acagtgotge
tegactoeto
tgtergotga
atgoagtytyg
ecoaccoagy
gocaghorea
aggatkocta
acaggacage
ctikgtgg

(155)

POTIUSOLATSHS

gatgceocey
tagtctogty
cgagactcga
tggttegoag
ctactteaga
goacgteacy
caacktgeotce
caagytgctg
cggectgoty
ggacctgeoty
gcagegaggg
coggttggta
sgoccceghe
gcagcetgooe
ctitggataca
gacgggegod
cetggocacy
egoacacaag
ogagaacacg
Ccectggooage
atgettoces
tcteatatte
agggacegac
gggaagyagt
cggtgaaaag
aagkgaceac
gaaggagagg
coagatgcotg
ctetgaccta
gkcacaggta
ggggtgtoca
coetetgret
tgooctgtgg
agcttatttg
ctccagasag
cgcagagcac
thecccatet
accaatoatg
§CCaaagags
atgggsceet
tobegotgga
agagggeeca
kgaccooacc

2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
ZB80
2940
itoo
3080
3lzo
3180
3z40
3300
3380
3420
3480
3540
3600
3660
2729
37890
3840
3500
399
40z0
4080
41449
4200
4280
4320
4350
4440
4500
4560
4620
4480
4728
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«212> DNA
<213» Homo

«220%

sapiens

<221l nnsure
<2225 (4293}

<220

<221> unsure
<322x (4307}

=220%

=2%1> unsurs
<232r (£311)

«220>

<321z vosure
<222> {4313}

<220

<Z21> unsure
<223> (4315)

<«220=

<221 unsure
<222> (4327)

<400 12

tooctecacat
gaggacecgy
atggaagags
Caagoasagt
gggagaaaat
caggaatgot
ttggottteot
ctgozttigg
gkageatgag
craccctgoa
aragatcagd
gasaacrgaa
aaggaazaatt
tggagoetyy
aoctgteact
ttgacatoas
agocagtogt
gaaccgeaaa
ttatgeatgh
LLeggTgety

accggekoag
cottgtttty
aatgcoaagt
tggazaticc
gacatacctg
acckgttitt
gaaacggaag
tattagotag
tggtggoroac
ggraggcokhbt
agaadagaan
totcaceteg
aatgdagkbon
atteatcage
ggetagaiag
tgaggatagx
gttgatctag
ggrocoatgbt
gtguaktceta
cgratooggt

crootooagy
ttecatgaaca
gatctgacat
azagayaagt
cagoagatagt
gggaataszac
catazatgtt
tggaagoagt
cagcbgoage
ggacgcacag
gokartatoa
gaaggtgtgt
caccogeigt
abcgteaago
gatcgaatay
gobgotgetg
ggtaatgacg
gaggattygac
actgacatgt
@acgoeoscg

14

acgoagaeay
tegggtbtag
aatacaaatk
ggtgagator
gggetgaaza
tthagagaaa
cttttectos
atgkatggte
tggetgooot
gactggtact
Fagrgateoce
ttgetagtgt
acctghkgoaa
kggagagtos
cgggtgageg
ageagotgea
ctgagaagct
gchgagagga
ggtgageace
CCRCAGCAGT

ccagacacge
tgoctggeaa
Jacgaagtoa
ttactagtea
tatcotethe
ggaagggcca
atttgtotgg
gaagbgoath
atggecctgg
gycagoageg
cttgazaatg
toctgaaata
tgecagtgat
tegacgggcc
aggagccagt
gecagoogety
gatggagttt
gaooeocoggte
atctttotga
coggatooge

(156)

POTIUSOLATSHS

togtggeagct
ctigatguak
cattoaatoa
cagktgaagat
totgeccaat
aaactacgac
atckgagaad
gotgeagoty
ckgebgatgy
gtggagtctg
gaccocacag
actocagoag
gacgacaatc
coeegoeet
gotgtoctot
gggetgacet
bykgtacaat
gtggeccageca
toatoctogge
ttcagcagay
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aacagectog
ceggagtgag
Ectggagaag
tegtaactat
vatcacagag
aggtcgaaga
tgocotaccbg
cctgecoateo
tcoccogggat
ctgygggaaty
acgoagagce
tgggLacctg
cagtgackeh
tactlictgc
gaatcocoag
agtgghgcae
ccaccactac
coccoragtoo
tcageaagtc
coecagggec
taccagoagy
gaggasaagy
tgoaacatat
atoottggto
ctgotaccag
tgactectce
ttekgacacc
geceygetoa
cctagebeca
ctgetoogty
aggaagoact
tocagabcca
agoeaggaca
tttkgaaggg
tocaacoout
ttoagaagaa
acagegtttg
ttttecttit
ggatocotgg
Cageagectt
ckcttigaag
ggoctttatt
tocagtiaag
caaggatgge
gtttgggaca
toceracacst
aagagtctga
ceoastottt

gcecatcagos
tggocagact
ttctotgagg
gtggaccoct
ggagattcat
ctocacctea
thgggcoctt
caggagecag
coaggagage
agocaccteac
=ggooccetg
goagatgage
gtagktoaack
agctccctaa
cgagtggaca
acaygggasa
aazaagoggh
aggectoota
agoggateea
ctoootgago
ctgttcaagt
acgygacaus
gcacocasta
socagaggea
aasaccccoag
accagoocot
gragagggca
saggaggaac
acraagacty
gtgaaatgga
g99aazaggx
gacottgote
accagotget
cagaaagora
agttgattteo
acgcatgsc;
gooccoctoea
ttgoctaaag
aagotitoee
tggrtoctct
atttectgte
ctggggcaag
cagggaotas
aaaatggyty
ggroratgag
gagagtrggac
tagggectay
ggeccetoag

agctggocac
cagggagoag
ggcageagct
ggttacakteca
Litcecagho
ttegocagos
ccoggagtge
guatgggreo
Agcagaegock
aatcecaccto
acagoagtag
cagocagtga
gCacggacat
gcagtgacky
tgcagoatag
cocaggttbe
tccagtggca
ttecteggac
acteageoaqc
Cagrccotgy
tacacsgaat
toecbootga
chtgogagat
caccocttga
gocookghta
ggagccadcat
ggocatgeaa
tcoagoaget
tgetocagga
atggaccaca
ckggatgatg
tgacgcaaaa
geetgtggeg
gotatggeta
cobagacded
occttbatcas
cagtaaggct
gaccagtagy
agetataqry
a3gagttgag
toagagbeoc
aggaaaggat
cdaaaaagtet
caccag:aaz
goeccagoba
tragagcacy
atgeagggea
cgcactkate

15

caggaggtac
ctgcagotoa
acgggtcakt
geatcggact
cetgggacac
toceceggecat
agtggetegg
tuggoatcac
ggcaggagee
acagcaccct
atctagagasa
ckocagotoa
caguctacay
tgaceracta
tgtgacchteot
cagoccatate
tggrangaag
acagcoacag
cectbcgogg
coeagttgac
ccacgeckct
goeonaccest
tettccccat
actgtggace
cheaasttca
ceacchggay
ttatcegecac
atgtgaacag
tgtttthogg
gcasacacaa
gtgggagogt
catctgeaga
tgtgtggget
gocaggbgtt
aatgcateat
ckcoectkeot
gotacatoag
cataggtgag
coggagttoct
aataagaaat
tgagtagtta
gggaattaay
tEErtEEEgS
aggazagagt
ccctagbata
asgtogtyge
gazaatctea
ceactttgga

cagycoaget
gooocigtat
terkgooteo
tgcocooetet
tetogatett
geocactace
cococaogas
cygcltocoea
cageacocct
gotgottgec
agctatbtges
gggooeotgto
ggagtocaty
gkgtactgca
cageckogit
cactaccacc
cotageccay
cragagorac
cggototota
geetecagoa
tetgoegoga
gggccctcgy
tacaccccea
tocaggoctg
acagocagty
aggggackte
tgcoaggtge
gactgtgtga
cecctaccty
tictttigge
gagaggatoc
tgocagoaae
ggatecethy
teocaaaggtg
gttcatacca
tgggtagage
gggeaaccer
ccctyagoac
gttooctgga
agtggggtag
gaasggagga
ggtagaaaga
aasaagttbe
cazacgkgtg
agocatacay
gotgegatcok
gogooacagg
aatgtgaatt

(157)

POTIUSOLATSHS

deaggeagge
gtaccatotyg
atgagttoca
grgkgiteas
accaagaacc
acetooetge
ctggteaett
gagctocacs
acgeacaagg
cagtgooeoet
cagaacgeag
atggetetie
acageagthe
gocctaaagg
cettggacke
gecRELgoa
aaacocggagt
cttctootga
acceacagty
tetgooceag
caccteacac
ccaccacgga
gtgtgegaag
gaagacgagg
tgytogbgees
tgcaatggag
tgkecggocra
gatgttcagy
gcacagagic
cgtacthoet
cgtikectge
atceatgtee
aaggotgags
ctgeteckte
gocasghaog
togtgagaca
ggotetatoa
tazaaggagg
gggtggggta
ggaaaaacto
atttctgctg
ggcaaaaatt
Ettcttagaa
aacccttogy
gtocaaggga
gagkgcgace
geagtectga
gtggegggea

1360
1320
1380
1440
1500
1560
1520
1680
1740
i8on
1860
1220
1980
2030
2100
2160
22290
2280
2340
2400
2460
2520
2580
2840
2700
2760
2820
2EBD
2940
3000
3060
3120
3180
3240
3300
3260
3420
3180
3540
3600
3660
3720
3780
3840
3300
3960
4020
4080
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aangttggag
ackageoaceo
ttkgaatcag
grggtotggt
graagengt o
gaggetagge
aactggttey
cekgaactgg
cattatecat
cagtocataa
togtagaaaga
acotgrteaca
cooggaagoa
tatttatatc
ggotattgog
ggIgoctteg
toggtagagy
aaatgaazgy
tytotaaged
gagchrtaaa
gagaageaay
ctggatttet
ccocaatgot
s9ggaacagy
tgcggetcag
ctgactacco
cegyeceagy
ctotgoegyy
coggaagtgg
ggtegtetat
aggaocctgoy
anctggttgt
aggateogogg
cagetottag
ggtggagata
agaactghbt
tcactgggte
tagctaccty
atgaatceaz
acerrTtaca
goaaztagak
gucattocta
gaagakacoa

<310> 14
c2ll> 1208
<3lid» DNA

Caagaggadc
toaggraado
geactaaact
crrgiagtee
cabtgegtieg
toogattcat
taagceccta
aateccttaac
actbcaggtg
astgggecta
tatgreocaa
agaagoceat
gohcaatcan
coaaagctoo
aggacagags
togetrtoato
gtgggtggtt
gaaazaaagyg
ctaagaactg
agartaaatac
tggaaacoct
totoggtete
totaaaacgg
acagaagons
ccogacacac
cacacagoect
tydeyggocyy
gotaggageg
toggratict
stoectgtta
goaltetgogg
aggyoocatyg
acaggtcttg
acgbLoggty
cgokgotgag
cttttootge
agratgacga
agotgecios
gotggttage
HOLYgrLAty
agoctckttge
goracoctgc
bggotgeoaty

coccasckggy
caccackgge
ccdagaaatat
tgtteotgteg
ttgtcogtaca
gaaakggata
azagtgtggc
tgtgootica
gactcagace
ctbaatagks
aaqgtygaaaa
ctgaaacara
ggaggctzga
tctoagataa
getggbgeta
acaaggoaca
tagtocctat
acacctaate
egcaaagtat
geatetrier
atagrogctet
toCagagaca
ggagacaaaa
agggacaaca
tcoogogoaa
cogoogogoc
cegeaeagad
gagerggogt
gugtaacgay
ttotbcocat
gootgkbttge
ggggaccaayg
cagetgagga
aactbacgtt
tgagtagtog
ttoaggaate

aaactittte
gtaatitata
atttatttoo
tggagetnot
tctangagaa
gggtagagts
trtazgtgaag
gtctattatt
tguggcraat
gttagoagga
qrritattca
geatgggace
ctggaatgac
acaceaatga
cattggegty
agttoccett
AgARCAFGHC
tertacaaat
aaattatcaq
cogoogtage
cocagttagg
ataccagagg
CAAARZAIRA
gooccagataa
gogoagoege
cteggogyge
rteccogeotyg
CCgTCoacat
ctattiactt
cggogaagat
rgtgttegot
gtoggggaza
caggggougt
qyagecgana
galaggakga

crotocagyl
totgaacoea
taatatattt
ocageckngca
gtaaztiath
gagggacttg
atcagggeaa
attatactot
acbcbgtgaa
ctatacatya
agtgacagaa
gecaacaaga
Agrocagegg
ctacgttokg
aagtoiceag
ctgokkccce
atkbtogotic
ggitekbtaghk
ceggaacgay
tcecaggeoca
az2ggagggyt
gagagcagtg
canacgbhoy
zzcageooge
coococcgoes
Lcaggiggit
crggcgagad
fggaagagga
cotgeggaty
ggoectggag
ggtasaggty
gagggceggasa
cttacatgee
gauasIagys
ctgasectys

(158)

POTIUSOLATSHS

tagttgagya
gaccagacge
atccacaaat
ngngngraga
katgrtatca
gocazthaay
ggaagazaga
tcacttcaca
ctegebtitt
gataatagay
gaacatooaa
agaaagoooy
ggoeigaaad
cetgeactes
gggcoagaaa
gagasaggtt
ctagacggtg
aazggaactg
caaacagacy
gcattoctor
ggggctgtor
gattoactge
ggttaccata
gtectoggega
©Yggggeocy
gegargager
aaaccarcte
agtctaagcg
cacaggctgt
acggtgcega
taagtogygs
tggggorege
tttgaatcct
gtoagaggeg
gtagagteac

tomageagaga
cttocotogy
agggeagtee
goatyryagy
cootbgitie
ctictcbgoa
qogyetygge

16

gtgog9g
ttoagathga
CUCCEAgTEe
teactgagea
astceoigttg
cagacaagat
ttttgggagg
aggatbtgga

tgaz

ostgtgtibea
agaacgtgya
gteteotteee
gg39caggas
aagaguagai
tatgeoctog
acacoboghy

g
Lemagbtctc
ggtgaacgay
aactereoace
getggeagga
ttotactaga
agocagobga

4140
4200
4260
4320
4380
4440
4500
4560
4520
4580
&7e0
4800
4860
4520
4980
5040
5100
5160
5220
5280
52490
5400
5480
E520
5580
5640
BY0Y
5780
5820
5880
5840
&0oo
6060
61240
61E0
£240
6300
6360
6430
G480
G540
€600
AREED
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€213y Hoino

<400> 14
goagegecag
guccaggect
cagctaggag
gtcacegagt
agtcecagehoc
cteigtctea
ccagbgaaga
agyghtageay
agoaggcacs
acttgatetg
actgctgaac
aagtooocag
gegoscaggs
togooggoac
acactcacayg
ccaggggoty
tgoageagea
gatgagtctg
tgazaattak
tgacasataa
ttatge

<210> 15

«21T> 3443
<212> DA
213> Homo

<400~ 15

goctrttato
ggtcoocaca
tbhtotokea
qeocoagooh
geatgeacct
actgaaggga
cctgottaga
accagocags
actcaacchg
ctkgectgea
atetgatcka
trbeocaage
cogtotegga
atcagacaat
azaatitakt
gaatltatat

sapieng

gacctotooa
geacccohaa
tgagcagtea
gggcagagsg
tgeotgtoce
ggcacggtge
aaggyttgsg
gRgoccane
acgotggaid
cbcectekte
artetaagaa
gagctoaggy

ggazgeyagy
ageaggract
gagagggage
aggageggac
togoaataac
tacargocoaa
cotgggaggt
ggacgttded
geageetade
cggacactgg
atcectoroa
gacogtgdog

cagagoagea
gobeogtgat
cagoctbgeo
cteocaceggat
gcctoagtga
cgeazcctge
gctacktttac
datgaagtay
tgecageacy
ggctoctgee
aaggttricte
goaggtggoa

tgtrgggaoa
ctacttgtgg
aceetgigoe
ggeotgh oo
gyeggestos
cgecggateg
ctaccecttt
ctacatatty

sapiens

actgaccoaa
ggttitgtta
cactcacaye
atttgoagtoa
egtoacatgs
agoceotatg
gagcoctaacaq
accacooaat
toacticagg
cctacctgka
togacggibo
tatkaoeoet
actgtgtgaa
aagaaaacac
thoaatthat
aacaLgaage

g ggac

gectggogy’t
ttggagageoo
agectetggho
ggagyacacy
acctgetgee
ttatttctta
tranacotag

agegaaaage
toctgtatoe
agacttatay
attgbtbgge
gcacggotag
tgtecttgga
cttgaagraa
cgtgegrgaa
accbgtbtht
cattoogaac
ccoctgaast
atogatbtat
getctttggt
tgaaagagat
ggtastgeta
atatacazaa

17

I3

tgtgag
toocoooagos
agtgttoecg
cocoggoeed
argtoackgy
gagtoctgee
ataactgast
ceagtenagg

acraggktta
ttecktacte
cottgtibay
aagaghgtoo
gottgtgoag
gagatgeoayg
accagbgeat
gacttteiga
gaactaacaa
acatggtaga
tataaatget
ctgtggrata
ctagggacca
gactkgoett
ctbageeatt
tgoatetagy

gettetegoe
CUAgAAsca
cagtgotace
ghoaageage
cgaccatttg
teecattgaa
2gacagages
cagtoodage
CoEggaeteee
aagteoiggg
ACUAGCCOUY
cooagagoag
agtotaggge
ggttgggebe
gggccacata
aggtootgoa
ctyoagetac
ggacagyeac
gaadataaac
gagatocagtt

actetgttce
ctagoagcta
9gaagoacty
gothoatgak
gtggootcea
gtgotragtt
cagggactec
gtedoiggad
agctagactt
gactotacaa
garatottea
caacgboact
aaggraggas
toatggatgt
thotetdaaa
sggtaztgay

(159)

POTIUSOLATSHS

ectatgocga
cotctoteta
cagoaagcta
ctoggtocoa
tgagceatct
cockggeeoag
accanggegs
atecacacod
cggeetegga
ctgggoagoa
gtgggacagg
cacktoteotg
cteatgocag
ceoacchgac
getatgeego
cgotagtoeg
grogoactoa
agycagagad
attggtygtt
tocaggigoy

cocotgtgota
ctctgatcoa
gaaktttgaa
gaotggtgatg
ttacccaaac
tacatttttg
tgaggttttc
strtgocatgy
ctgattetet
aatgcttaat
tacttetggt
atcoaggoat
ttatttagty
saasatacta
cacoactgga
getLetetot

120
1849
240
aoq
360
420
480

BOD
(]
720
T80
340
s00
560
1lo0z0
1080
1140
1200
1206

o
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cateaactto
tooettgagy
aagaatotat
azagtatalbs
tatgttcaca
ataagactga
catgaaagea
ctaataagkt
tgt

<210= 158

=311> L1957
<212> DNA
=2123- Homo

<400 1&

geggeegecy
abotgeotat
ggasacgaag
gtgraeggey
gtgggggeas
grgctogggy
ccteoacect
cgaactgoch
cagagagtcs
geecckaceg
cggbgaaaaa
ttecaagttes
cgTeaactat
aatrgatgaa
aaantboggy
tttazagaac
atazatgacat
takbgtasaga
agcbcacsty
atggathtrg
tgaaatcata
atttaattaa

tgoottitan
ackggtataa
titatasaak
totagaatag
ctitctocagh
ggmagtttca
taggactcte
tectttaagt

sapizns

agorkesguge
gcgcccagay
satgaegoaa
ctootgeage
aagogtgooc
agegggacagdy
ccacttteoca
cteeotgaaa
tgtggeickg
teecektoke
ggcactatat
atgyaaaats
ttocgaaces
aaatccotge
cetgototga
agehottoat
aatrcagttt
atttcaates
aantoagoos
teaaatagat
aggattttec
atgacagkct

gatttgeceoo
agttgtasag
aagttebata
cttatatgee
cetockbeea
acagehtocty
cotatctast
atatcaataa

HYHgCaaRne
cgtgdgaady
tgaaaacege
togktgoacc
tgooocoacgg
ggtogtggoa

aatattgtac
tgaacaazac
caataadzbe
ctictgtace
gotetboaac
ctaaggttaa
gtatgitttat
ttaagatctg

toogqoegos
eyesegeect
teotgeectoe
cacogacotg
agagcooogg
cgacteoggey
tooo

ttggaggtas
coagtagaaa
tactctgraa
aaattttcta
ctactateoe
agaaagatac
acatacckia
tactaagtya

goeargeggy
ctoctetote
caaaaacaca
ggctetoact
ctogootggg
grkgaccooga

(160)

POTIUSOLATSHS

atattaaaac
gotattgaka
treccbitte
aataacggat
antaagggbo
ggggaageat
tatatygagg
ccactataag

gaggtaagtg
caggatgaza
tettgocegt
Ftggagtaga
gotgctggoa
gasacgoccaca

gtcktagoea
ggeogEegst
apgedagtbe
cdabasotya
guayaacace
zggyatriga
tattgatgac
aaatctacga
agtacagtoa
catgtaatga
aatgasacgt
goaggagcas
gatattbigao
tcatcheter
titggttaca
tigo

gottghbghba
cttattaagg
trcaggagea
coatattcag
azttggrtot
atthgtttot
aatartttta
tteggtioct

cttggacgga
ttirateggy
gadtcatage
ctagctttca
rogbttobga
gaagaaattt
tatatattco
gggttaagta

attgoeaada
atatgergca
tetgaaaaga
aataggatgt
agazagaztt
goegagagtt
ticatgatgg
ctbgttttta

18

it
gaaackttce
grbggtecaa
teacttgees
akegbcteoca
tgatcotyoa
ggagcaaget
aagaaatgat
atatcatgta
aattaggute
=actttgraa
tatectattg
gyacasgatg
acgattagac
atagotchac
gacktaggat
tgteteoott
coctEttbta
gtgtttgaaa
gaageteogt
aatgatattt
tttrrtaack
azaggtcaaz
tgtaattbtt
agagcttgga

cegetbtgte
graggeageet
ctgagacged
agactecatto
gactgygecy
agtgckttec
gtattgacag
asacchotge
ttegacctes
aragastaca
gatagactag
cHTACRIgE
actactocea
maaaatecckt
gagtaaaaac
grattoctot
tagagggtto
Tgaacatgoa
tgtgtactga
tohgoataga
toatggbett
=agecttgtt
tttaattgba
adaagbggoc

taaa

gecaghlgeca
ggogtetbet
attoecogget
cctctaaace
Cgatggacyt
aggazcagga
garttcagtt
agacaaagca
aaaaazatac
tacatgtgta
gcaatteakn
ggtttboote
acaaaggctt
taazaaazga
aagasaatbt
gtbtecttaga
tecadhtgat
tCatggoece
ggatatcaat
ththotttta
atttataata
actagtacag
ctatgotkrg
ttactacstc

i0z2o
1080
1140
1200
iza0
1320
1380
1440
1443
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tckgttcaaz
Lgrggtagen

«21d> 17
2211> 2074
<212 DNA
<213 Homo

<400= 17

tgcagokbatt
aangtgattg
sagtthatat
tatcastaty
caggagtcag
ccttcoctaca
gtgorRacte
gcaatacage
accaatgeayg
ggacagcaga
agcaggatat
atatazatct
aattttataa
attattacgs
gotgaatcag
caatatgttt
ttogtttiaa
goteatttea
tigtitaata
tctaggtaag
totggagasy
geceoocctggag
agoagetacy
gkateghaga
tgazaatoax
agaaatcaga
tggccacaac
grogoaaaact
gbgaatgtoo
atgaagagac
taaattgatg
ctgagctect
gtggacegea
atgtegtoac
agaactttag

=210> 18

(161)

POTIUSOLATSHS

gagacattty ttcaatctet gegtgteoaae gocttaotiga atteghgott 1920
ataaagoatt gettcaghbtt atazass

sapiens

ttaggttote
gtetggttot
atgacttttt
aagbttitct
tggatagtgt
goaagaagic
caatttacca
tggetaacaa
cagecactca
tcttagtgce
cagkgaattt
tttecactca
agaccttcaa
Egtttibtage
ttagaaaaal
ttcaaataat
kttecaaaatte
fgaaaaatca
tgaatttrac
atcatecaat
tacaatacta
trgitatpuc
tataagtaga
aagaaytaas
taactagaea
ttaatkbggg
ctgasagaca
gectgadagc
cagoaccrge
ttctacttte
ggagacatgs
tgatbgeett
tgcatsaagt
attctoattg
catggtatty

taactteate
ctoceataag
atatttgttt
ttaatttcag
aactgatioe
tgaagadgag
aactageagt
tgytaccgat
goocgggtact
CcagcRacCad
gaattctgaa
aaccatacat
akttttitbaa
ageagtibga
asaacttrcag
ataattggon
ataatagttg
tggtcgtEtt
caatatoaas
gtckgigoee
taccagkatt
atoetooect
gaggtoogee
gaztatgton
ttgattoagg
atttazatit
aaatazacat
aactacagaa
etecacktct
caavcroaco
ggaaaagaaa
aggyacagaa
aagkaaggly
tgaattatgt
aggacttaga

18

gtagtttata
aacktgatttt
aatananath
atkttoaacta
caaaRgoegan
acttecagrac
ggacagtata
ggggtacagyg
accattotac
gtegttgtie
cgtcagtitg
tttaattgat
gtaacattag
caaatagtga
tttatttage
tcaagkgaka
accataatse
ttatgtcbgt
ggtatagtac
catctgtace
cgetactage
agctacttoe
taatgaagat
aatctitaga
agcttaaage
tecacekglhta
titatbtbot
tttcattoat
cocotoanga
cboctrazga
atctktttaa
tkaccccage
caatgaagaa
aaagttgtta
aatg

gggtaagtaa
Ettctactga
tiacaggaac
ttacagazag
gggaaattet
ckgeeatepac
trtgoccattac
goctgoaasac
agtatgoaca
arggtactea
asgatgataa
attaataatt
gttocttatt
ttgtgbttgt
catktatoabt
cacglthbtbea
Lttatettet
ggoaagagke
tactoaggaa
tiktagacog
tacectacta
tacacagcot
acagggaage
azacagagty
acttaaggac
agatgoaasa
zaacatttct
ttatgocttet
cattticaac
agtaataati
agatgattkc
chettgagor
atgttgattg
agagacatac

ag9gaagogs
agoatgtata
taaatttgat
tgaagattea
ttoaaggagy
cactgtaacyg
ceagggaggs
attaaccatg
gaccactgat
aaaattgtaa
<catgtttant
aatatgaact
aggagagoat
ttttacaaat
tagaktaaasa
tagiittagt
Etbtoatttt
tacttgatat
ctatagteta
tzagogtgco
gctactattg
gbctgaagat
tagttctaga
gakagtgegt
ctttactgee
tggactgget
ttttttctak
geattaaach
goecaggaate
tgtttacttg
aaggttbgiy
gaagtaatgt
coaaatbgac
ceiotaaaaa

1987

&0

120
120
240
330
360
420
430
540
B0

20

780

B40

soo

10

ipzo0
1080
1140
1260
1260
1320
1380
1440
15600
1560
1620
1880
1740
LECD
1BED
1920
1980
2080
2074
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€220z
<331>
<322>

€220
321>
=222

<2202
221>
<222

«2202
<221
222>

<7205
<221>

<222

400>

unsure
(74)

nnsure
182}

unsure
(126}

unsurea
{225}

nuneure
(213)

20

Cicaavcaac atotgacata
gaaguartta occontggace
toeoktnaage caaanctaca
gotootteet ctatgtocto
ctbgeageag gaaagaatgd
attggeages kictrorcea
aggaatatta tgttgee

<210>
213
212>
213>

400>

21

708

DNA

Lome sapiens

21

botgaatght ttogtgasba
chaaagagat cdagtactya
cybtgtatte gittooteca
thkgttotooo agecacagga
ttetecateoet astcococtt
actocogktat ggataagaay
atataagoaa gragekbaotog
cotgetgggy atggokgtea
tcagotggaa accacctgoo
ctgeoacoty acotgadagy
tgaaaceagy groooaAcos

thtocogngy
cataagtoty
ctttgctgat
ccatogagat
bgeteacect
ceacotatee

aatctgttet
tgacyetgre
ccacgoacca
cactgaciot
chcocagotga
atcaaggaty
tgtgotagtyg
crhagotbgtgo
ackgooaghy
gaggaagget
agasatctaa

21

agcaacteco
ancatoectgo
toctgtagae
ctgttetygg
tcrgtettac
agcttctteoo

toageoaacee
cttoortott
ggageltcags
gtacaggatg
toaaccoggy
ttctcaacay
tCEEEE\gCCE
thkgtggetat
cagtgtggta
gagaactcag
cteaaacgtoe

tgeotocacog
tgragtecoe
tetgagaaay
gatggagett
agagtoggat
tgntcagggo

tacctgctto
tacteocctgg
gatcaasageg
gggeegtect
gagtactcag
totagagtac
aggcagaccy
gactgtogit
gactggacea
ttetgtgace
coactteatt

(162)

POTIUSOLATSHS

gazagaggoc
tonecattge
gggatagaaa
coaacttoot
tgtgggagyg
toggaceoco

tocaaactoe
aaactaacca
gctitocate
cttgeocteo
tgttectiag
agtcccteke
tectoactge
cgtgggatgt
ctgoecoctg
atgacagtaa
rgttoeatto

1z0
180
240
300

4z0
480
540
a00
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ctgattetty ggteatassg acamactttg taccbctcae araaaaaaa

<210w 232

«211> 3185
w212> DMNA
<213> Homo

<400 22

gecaggaata
ctgrgoctae
gatactgrea
gaggatakagg
ttcaasantyg
cozaaacatyg
agagatgaac
ttocaccechg
gttigbecat
geectbetac
tggtagaaat
tgattcbaca
agaaaaagca
aaaaacocat
atgggaggty
reoctocacct
raagtctgga
thboctgery
togocactatt
gygcagoatta
atttcaggty
tgatggggay
tgttoatttt
aacaggagga
tthtggggot
taagggatta
agtgggaaagy
ctgggatcoo
ctatchcagi
Agogaactca
teoaateaca
tgkttacgra
cattgaatos
tgattottto
cagatatact
crotooactga
BacCcCCycras
zeagataey
raceoaacaa

ssplens

actagacagg
tgraccagtc
togttataga
tgactacage
tatctatatt
azaaccataa
catacaccaa
accitetact
gagtgggete
cgtoctaagt
agagtttata
acaaaactgt
tccataatgt
aatcaagaag
zttagoratt
gkttt cat
ageatggggy
cagactgtts
cstaaataage
cotacatatc
atkggagage
gataacacty
attgotitgg
agkcatbite
ctkacatcag
acactgaata
gacacgttct
agtggaatas
attecaggaa
gaaacattaa
gtgaatgeka
gasattctbac
ozgantggac
axgaatgaty
taaaagttog
atagagcogo
gacchtgaaat
gaggrgoatt
greoazatoac

aacaatogog
aaatacttce
toctergtgty
ttotacgtac
aattcctgay
acatgctgak
geagtteaca
tygamnaaana
acctccgoty
caazaaaaal
agtgtcaagg
atggaaaaga
ttatgoaaag
ckccaagoct
ctoaggaktt
cygetgaagat
gtaaggaccyg
aaaatgagatc
taatccaaat
ctetgggagy
tacattcocca
caagttcttg
gaagagetgo
atghttleaga
gasatactga
gtaatgectg
ttckcateac
taatggaaaa
ctgraaaggt
ctakttanagt
aaatgaataa
aaagatatgt
atacagaagt
gagtotacts
ggctcatgga
gtacatacca
tgatgaggat
togtggtateca
agacctigat

22

Etaktdagag
Ltcattaage
ccagazgatg
ctgtttgaag
retiggaagg
gttatagtbe
gaatgtggag
aczaaatgaa
gggagtgtth
cgaagoaaca
=ggcageigt
ttgtcaatte
tattoattct
s¢adaacata
taaaaacace
cagicaaaga
cctaaaktcaa
ctgggioggy
Aaaaaageaght
aacttceate
actdgatgga
tattgatgas
toatgaages
tgazgetcag
tctoteccag
qatgarcyac
atogaacagt
ttrcacagtg
ggeracttgg
aacttetogs
ggacgtaaac
acckgttett
Ettocaactt
cagatatttt
ggagyTaaaca
ggctgggtagy
actcagacoa
caggtoccaa
goeacagtho

ghbibbgtete
bLgaataataa
aazaaataat
ccacagaaaa
aaaatootaoa
cacgacctac
agaaaggoga
tatggaceac
gatgagtada
aggtgktcey
ctiagtagag
btteckgata
gttgthgzat
aagbgcaatt
atacoratgg
attgtgiget
atgaatcaay
atggtteact
gatgaaagaa
toctebggaa
toogaagtac
gtgaaacaaa
gtaatagaga
aacaatggoo
aaglecetlbo
actgteataa
ctgectoooa
gatgcaactt
guatacaatc
gragcaaatt
agktteccoa
ggagocaaty
tigoataatyg
aeageatata
¢tgeoagget
tgaacsggga
cettggagga
goettooott
atgaggataa

(163)

POTIUSOLATSHS

cotertaget
tggokttoaa
tyadcaaata
aagatititt
gkacazaagy
actcooaggt
akacattcac
caggcaaach
atgaagatoa
caggtatcte
cabtgoagaat
aagtacaaac
tttakaaaga
ttagaagtac
tgaraccaco
tagbtotiga
cagcaaasca
ttgatagtac
acacactcat
ttaaaktatgo
tgetgotgas
gtagggeoecat
tgagcaagat
teattgatge
agekogaaag
trtgatagtac
gtatttetet
ceagaaboge
ttdaagotaa
cttctgtgeo
gotcaatgat
tgactgeett
gtgcagqogs
cagaaaatog
aaaattacgg
aattgaagoa
ttbcagooga
gectgaceaa
gattatiectt

708

120
180
2a0
300
360
420
480
B4l
640
BEO
720
780
B20
500
3ED
1020
1080
1140
1200
1260
13230
1384
14440
1RGO
1660
1620
1&80
1740
1BCD
LBGD
1920
1280
2040
23100
2160
2220
2380
2340
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acatggacay
atzagkgcaa
actgatctgh
atctcagaag
ttgacatcaa
gatgacatty
tciggagtta
tttacktttza
agagaghtrt
teecatytgt
attaastaza
tteatthget
acchogktgt
gazattazaa
atttggaaaa

<210 23
«Zll= 22
212> DHA

caccaggaga
gtattottga
caccaaagaa
aaaatgeaac
aagtatccaa
atcctacacco
atattktcrac
gtaccaccat
aadmaaacaz
gateatazac
aacacroacyg
attctatttg
ataticatbtg
tcatataket
aaatg

taattttgat
totaagagac
ggccaactco
coacatattt
cattgcacaa
tactcotact
gebogtatty
titgaaceita
aacaatgtaa
trakzaaaat
gatatgtaaa
taagaaatag
atgcaacagt
gagtagtcaa

£213> Arvtificial Sequence

220>

<223» Desoription of Artificial Seguence:

<400 23

tggaaataga btragggotc at

<210= 24
<21ls> 21
<31Z2> DNA

213> Artificial Sequence

=320

%323> Description of Artificisl Sequence:

<4G0> 24

cggytgtace tcactgactt ¢

<210= 25
<211» 25
=212 DNA

<213> Artificial Seguence

c220»

<223> Description of artiflcial Seguence:

23

gttggaaaad
agttttgatg
asggasagoh
attgcratta
gkaactbtgk
ectactecka
tetgtgatty
acgaagaaaa
ctaasaggata
aaktttaaga
sactgicaag
Egatgaacaa
Etketgaaat
aatacaagkts

ttcaacgtta
atgekoiboa
thtgrattbas
aaagtzbaga
ttatcectea
crooigataa
ggtckgrtgh
aatcbteoaag
tttotgaate
tgtcooaana
attamamtbt
agatocbiLt
gatattbcaa
aaggagagca

synthetic

synthetic

Synthetic

(164)

POTIUSOLATSHS

tatcataaga
agtzaatact
accagaaaat
taaaagcaat
agcaaatcct
aagteataat
aattgttaac
tagacectaga
ttaaaattoa
ooatactctg
aatagttbca
Lcatactgat
attgecatcaa
aataascaac

2460
2480
2520
2580
2640
2700
2760
23820
2820
2840
3000
3050
3120
3120
3185

22

21
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<400 25
tgtecktoocga gsgaaccagg chcog

24

(165)

POTIUSOLATSHS

25
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€211 §33
<212> DHA
<21%» Homo

<400> 15

atggragagg
agetoccate
gggtgacaga
ggatgtocag
cocacgoggaa
ctgbeoatato
atocgettey
gtatctgtgg
ctggaggdeg
tetgegtign
aatgaccaca
gacktecage
cttecaggag
gtgyaggagy
atcatgooca
atgogetgty

<210> 12
<211» 525
<212 DNAR
<212 Homo

=400» 1%

gooatgogtl
ctoacagoect
ggtgtgceat
cagaatottt
ataggatatg
gagacaatat
atctataccoe
tacgtattet
agcatcatga

<Z1l0x 20
<211» 377
<21Z> DNA
<213= Mome

<320

sapiens

ctgtactgayg
ctectaesge
gagtosoagy
ctgateaagg
ccacaktaca
cogeaktagi
ggugektogy
cttttecagy
atggooeket
agaccaggyc
geatggeott
aaggctgtge
actgtcotgat
agaggactct
acctgaactt
gggtgcagac

saplens

croctbcage
cgcttttaac
tcaakgicge
atggetacas
taaaaaatat
accocastgy
tacacgttat
atgagheagt
ttggagtact

sapiens

<231> unsure

<222 (28}

gatecgcsogy
agatgttoga
adgeoegtiab
ageotgggget
ggctigages
gaggeceady
tacagoecaa
caratggrge
tetoavagek
cageectgge
cactogagat
caagaceLtg
ctaccokbgot
agaccobogg
goctaszaret
accrackgeo

ctgbceatac
cttctggaac
agaagggasy
ctggtacaga
aagtCaagaa
aacoccegoty
aaaagaanat
acaagcaagt
guckoggaty

20

oggcagctya
gactgtgage
gatogaaccoa
gcggotgote
tackoogbto
¢rgacttaca
crcetggoty
aagetctogg
coactaggyg
cacaceotay
gooctgttga
tacrcactegg
cacgattace
ctracootoa
cagcagrbag
tga

agagtgtgea
ctgecazaca
gaggroeette
gggcaanagg
aatgeoeeag
atccagaecg
ckhtgtgaatg
troacctgacc
geretgatat

gucagegegy
tgoacatica
gtoctggaaz
tatgokgtga
coteatoeet
cattgaggat
CLLtoacqge
tggatctaac
cactgoocca
gobgiotoac
toogtgggtg
tooatgaaas
atgggkirac
gutgtgagga
acttbgotgt

ttecoctggoa
gtgoecagac
tagtagtoca
tgoatgecaa
ggecogeaca
tcacceacas
Lagaagtaac
tetoageotyg
ageag

(166)

POTUSOL/17553
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cagegecteg
ataccoactg
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gttcgteaty
tgggoggaca
gatcttcaca
agbgtocacc
gtttgbcaaa
totageoRac

sgagotecty
caatattgat
taatgagtee
ctatocgaakt
caacggtcga
tgacgcagga
cagacasttc
gacegotgre

o
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18 April 1997 (1997-04-12)

ADAMS, M.D., CT AL.,- "EST1B7535 Colom
carcinoma (HCC) cell Tine II Homo sapiens
cDNA 5" end similar to similar te trefoll
factor, intestinal.”

Database accessian no. AA318762
XPOO2194184

relevant to invention 1

the whole document

W0 96 06861 A (THIM LARS ;NOVONORDISK AS
{DK); MIELSEN FER FRAMKLIN (DK); WOELDIK)
7 March 199 {19956-03-07)

relevant to invenfion 1
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WO 88 37093 A (CORIXA CORP)

27 Rugust 1998 (1998-08-27)

relevant ta invention 1; see SeQ I3 NO:
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XPD02194185

relevant to inventicn 1

the whole documenl
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1 October 1994 (1994-10-01)

HAUSER, F., ET A_.: * INTESTINAL TREFOIL
FACTOR PRECURSOR (HP!.B}."
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XPOO2194186

relevant to invention 1

the whole document
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24 November 1998 (1992-11-24)
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ihe whole document
X DATABASE FEMEL “Online! 1
3 August 1999 (1999-08-03;
“Homo sapiens genomic DNA, <hromesome
E6p21.3, HLA class I reglon,
clona: 679622, "
Dazabase accession no. ABOZ3054
XPN02202715
relevant to ipvenltion B
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relevant Ta inventicn &

the whele document

X -& DATABASE IMEL ‘Onlinel 1
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relevant to invention &

the whole document
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INTERNATIONAL SEARCH REPORT PCT/S BL/17683
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see FURTHER INFORMATION sheet PCT/ISA/210

= Ziaime os.:
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see additional sheet

1. s all i lditiuinat seerch faes ware imaly paid by ez appicant, this Intetnational Searck Repor: covers all
searcnabie cams.

k= D As Al searchabls claims GoLC be searched witnout etfort jushiying a9 addiloral fee, tHs Autharty did ne: invile puyment
ot any el (22,

a E Aoty 50z CF e reaulied aoditiona: Searsh 16E6 waie ey 1l by the auplicant 7' Imenational Seah e
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1-14 {all1 partialiy) insofar related to SEQ IR NO: 1, 3 or &
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Fosm PCTASNVE 10 [eontinustor: ol frst sheer (1)) tduly 1994

JP 2004-510408 A 2004.4.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(174)

INTERNATIONAL SEARCH REPORT

Iniernational Applicatien No. PCTAS 01 47583

FURTHER INFORMATION CONTINUED FROM  PCTASA! 210

This International Searching Authority found multiple (groups of}
inventions in this international applicatian, as follows:

Invention 1: Claims 1-14 (all partially)
A coloh specific gene (USG) comprising a polynucleakide of
SEQ 1D WO: 1, and supject-matter related thereto.
Inventions 2-22: Claims 1-14 (211 partiaily)

A colon specific gene (LSG} cemprising a polynuclectide of
SEQ ID NO: 2 - 22, and subject-matter related therato.
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INTERNATIONAL SEARCH REFORT

sematianal appieation e, PCTAS 01 17583

FURTHEA INFORMATION CONTINUED FROM  PCTASA! 210

foattnuation of Box 1.1

Although claims 2-6, 9 and 10 are directed to a diagnnstic methed
practised on the human/animel body, the search has been carried out and
based on the alleged effects of the compound/cempesitian.

Although claims 7 and 11-13 are dirscted te a method of treatmenl of Lhe
human/animal body, the search has been carried out and based on the
alleged effects of the compound/composition.

JP 2004-510408 A 2004.4.8



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

IN NATIONAL SEARCH AREPORT

Mo mevicn on poieat ramity meribers

Int

(176)

sl Applicsiion Na

5 91/17583

PCY /U
Tarent docLment Publgiion 1 Sayel taily Publicalion
ke i) e 1, ; wenibens) dals
WO @83%419 A 12-12-1996 CA 2221798 Al 12-12-1996
us S733743 A 31-03-1998
Wo 9639419 Al 12-12--1996
Al 282052% A 24-12-1996
£P 08473538 Al 17-05-1998
ar 11506342 T 08-06-199%
us 6337195 Bl 08-01-2002
WO QU07632 A 17-02-2000  EP 1147798 Al 20-06-2001
uo 0007632 Al 17-02-2000
WO 9R0RBE] A 07-03-1396 AU 694786 B2 30-07-1988
AU 3341595 A 22-03-1996
BR 9608773 A 36 12-7997
CR 2186876 Al 07-03-.296
CH 1156459 A B 06-08-2997
[y 9700548 A3 13-08-1497
(w4 789364 BB 17-04-2002
Wo 9506861 Al 07-03-_996
EP 0777687 Al 11-06-1937
FL 970783 A 25-02-1997
HU 71917 AZ 28-10-1996
JF 10604720 T 12-05-1998
KR 255911 B1 01-05-2000
NG 970844 A 28-04-1997
PL 31873E Al Q7-07-1987
RU 2162857 €2 10-02-2001
W0 9837093 A 27-(2-1998 US 6261562 Bl 17-07-2001
Al 731840 82 05-04-2001
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