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USE OF PROTEIN SATE2 A8 A MARRER FOR COLORECTAL CANCER

Field of the invention
The present invention relates to the field of cancer diagnostics and
prognosis. in particular, it provides a new means for use in detection and
characterization of colo-rectal cancer, via the identification of the SATB2
5 protein as a marker for this cancer type.

Background of the invention

SATB2

10 The gene encoding special AT-rich sequence-binding protein 2
(SATB2) was identified in 1999 during the massive effort of sequencing the
human genome (Kikuno R ef a/ (1999) DNA Res. 6:197-205). Since then, the
SATB2 gene has been considered as expressed mainly in neuronal tissue.

SATBZ is a transcription factor that form parts of the nuclear matrix and

15  orchestrates gene expression in a tissue-specific manner by reguiating high-
order chromatin structure through interaction with AT-rich sequences, also
referred to as matrix attachment regions (MARs) (Dickinson LA et af (1992)
Celt 70, 631-45; FitzPatrick DR et af (2003) Hum. Mol. Genet. 12, 2481-501,
Yasui D, (2002) Nature 419, 641-5; Bode, J (2000) Crit. Rev. Eukaryot. Gene.

20 Expr. 10, 73-80).

Studies of the gene and its protein product, the SATB2 protein, point
towards an involvement in regulation of gene expression as a transcription
factor in neuronal tissue (Dobreva G ef af (2003) Genes Dev. 17:3048-3061;
Britanova O ef a/ (2005) Eur. J. Neurosci. 21,658-668). The SATB2 gene has

25 also been described to have a role in palate development and cleft palate
(FitzPatrick DR et al (2003) Human Mol. Genet. 12:2491-2501; van
Buggenhout G et a/ (2005) Eur. J. Med. Genet. 48:276-289).

Salahshor ef al studied a patient with the adenomatous polyopsis coli

(APC) gene mutation {Salahshor ef al (2005) BMC cancer 5:66). APC

30 patients develop an abnormal amount of colonic adenomas at a young age
that eventually, if left untreated, will progress to colo-rectal cancer. Giobal
gene expression profiling revealed that a group of 84 genes, including
SATBZ, had a significantly altered expression in adenomas compared to
normal mucosa. SATBZ was found significantly down-regulated but was not
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selected for any further analysis. A recent expression profiling study of colo-
rectal cancer in Int J Cancer likewise indicated an altered expression status

for SATB2 at the mRNA level (Groene J ef af (2008) int J Cancer 118, 1828-
1836).

PCT publications WO003/022126 and WO2008/015742 describe other,
similar studies directed to expression profiling of cancer celils. The expression
of a multitude of genes, including SATB2, is analyzed and conclusions are
drawn from the overall expression patterns.

Importantly, the studies referred {o above provide no suggestions
concerning the use of the SATB2 protein as a specific colo-rectal marker or
the use of SATB2 as a prognostic tool for colo-rectal cancer.

Cancer

Cancer is one of the most common causes of disease and death in the
western world. In general, incidence rates increase with age for most forms of
cancer. As human populations continue to live longer, due to an increase of
the general health status, cancer will affect an increasing number of
individuals. The cause of most common cancer types is still at large unknown,
although there is an increasing body of knowledge providing a link between
environmental factors (dietary, tobacco smoke, UV radiation etc) as well as
genetic factors (germ line mutations in “cancer genes” such as p53, APC,
BRCA1, XP etc) and the risk for development of cancer.

No definition of cancer is entirely satisfactory from a cell biological
point of view, despite the fact that cancer is essentially a cellular disease and
defined as a transformed cell population with net cell growth and anti-social
behavior. Malignant transformation represents the transition to a malignant
phenotype based on irreversible genetic alterations. Although this has not
been formally proven, malignant transformation is believed to take place in
one celi, from which a subéequentiy developed tumor originates (the “clonality
of cancer’ dogma). Carcinogenesis is the process by which cancer is
generated and is generally accepted to include muitipie events which
ultimately lead to growth of a malignant tumor. This multi-step process
includes several rate-limiting steps, such as addition of mutations and
possibly also epigenetic events, leading to formation of cancer following
stages of precancerous proliferation. The most common forms of cancer arise
in somatic cells and are predominantly of epithelial origin (skin, prostate,
breast, colon and lung) followed by cancers originating from the hematopoetic
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lineage {leukemia and lymphoma) and mesenchymal cells (sarcomas). The
stepwise changes involve accumulation of errors (mutations) in vital
regulatory pathways that determine cell division, asocial behavior and cell
death. Each of these changes provides a selective Darwinian growth
advantage compared to surrounding cells, resulting in a net growth of the
tumor cell population. |t is important to emphasize that a malignant tumor
does not only consist of the transformed tumor cells themselves but alse
surrounding normal cells which act as a supportive stroma. This recruited
cancer stroma consists of connective tissue, blood vessels and various other
normal ceils, e.g. inflammatory cells, which act in concert to supply the
transformed tumor cells with signais necessary for continued tumor growth.

Cancer diagnostics

Microscopic evaluation of a tissue section taken from a tumor remains
the golden standard for determining a diagnosis of cancer. Analysis of
genomic DNA, transcribed genes and expressed proteins all add important
information to the histological features detected in the microscope.
Tomorrow's diagnosis, prognostic information and choice of treatment will in
all likelihood be based on a synoptic evaluation of morphology in conjunction
with analyses of nucleic acids and proteins. Already today, evolving
knowledge based on the human genome sequence and biochemical
pathways, including signaling inside and between cells in a tissue, enable the
dissection of some of the mechanisms that underlie different stages in tumor
formation as well as variation of phenotypes, which define the different types
of cancer.

Despite remarkable progress within molecular biology, cancer
diagnostics still relies on the use of light microscopy. The development of
molecular tools has played an important, although as of yet incremental, role
to discriminate a cancer cell from a normal cell. The most commonly used
method in addition to histochemical staining of tissue sections is
immunohistochemistry. Immunohistochemistry allows the detection of protein
expression patterns in tissues and cells using specific antibodies. The use of
immunohistochemistry in clinical diagnostics has provided a possibility to not
only analyze tissue architecture and cellular morphology, but also to detect
immunoreactivity in different cell populations. This has been important to
support accurate grading and classification of different primary tumors as well
as in the diagnostics of metastases of unknown origin. The most commonly
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used antibodies in clinical practice today include antibodies against cell type
markers, e.g. PSA, MelanA, Thyroglobulin and antibodies recognizing
intermediate filaments, cluster of differentiation (CD) antigens etc. and
markers of malignant potential, e.g. Ki67, p53, HER-2, Aside from

5 immunochistochemistry, the use of in sifu hybridization for detecting gene
amplification and gene sequencing for mutation analysis are evolving
technologies within cancer diagnostics.

Colo-rectal cancer

10 Colo-rectal cancer is one of the most common forms of human cancer
worldwide. Data from the GLOBOCAM 2002 database presented by Parkin ef
al show that around 1 million new cases of colo-rectal cancer are found yearly
(Parkin et al (2007) CA Cancer J Clin 55, 74-108). Further, the incidence of
colo-rectal cancer in the world is approximately 9.4 % of ali cancers, and colo-

15 rectal cancer constitutes the second most common cause of death in the
western world. The five-year survival rate of colo-rectal cancer is
approximately 60 % in the western worid but as low as 30 % in Eastern
Europe and India. ‘ '

Early detection and surgery with excision of the tumor is currently of

20  critical importance for a favorable prognosis. Symptoms depend on where in
the distal gastro-intestinal tract the tumor is located, and include bowel
distress, diarrhea, constipation, pain and anemia (secondary to bleeding from
the tumor into the bowel). Malignant tumors may be categorized into several
stages according to different classification schemes, such as the TNM/UICC

25 classification -1V or Dukes’ stages A-C. The least malignant tumors (Dukes'
stages A and B) have a reasonably favorable outcome, while on the other end
some highly malignant tumors with metastasis (Dukes’ stage C) have poor
survival rates. Current diagnostics are based on patient history, clinical and
endoscopic examination {rectoscopy and colonoscopy) optionally followed by

30 radiological mapping to determine extensiveness of tumor growth. In
conjunction with endoscopic examination, tissue biopsies are performed from
dubious lesions.

For microscopic diagnosis, bicpsy material from suspected tumors is

collected and examined under a microscope. To obtain a firm diagnosis, the

35  tumor tissue is then fixated in formalin, histo-processed and paraffin
embedded. From the resulting paraffin block, tissue sections can be produced
and stained using both histochemical and immunohistochemical methods.
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For localized tumors, i.e. tumors that have not evolved into a
metastasizing disease, surgical intervention with radical resection of the
tumor and surrounding bowel and tissues is performed. The surgical
specimen is then sent to pathology for gross and microscopical analysis. This

& analysis forms the basis for staging of the tumor. The by far most common
form of colo-rectal cancer is adenocarcinoma, representing a tumor of
glandular origin, which can be highly, moderately or lowly differentiated.

For primary tumors, hematoxylin-eosin stained tissue sections are
sufficient to enable a correct diagnosis and classification according to the

10  different colo-rectal cancer classifications. However, as colo-rectal cancer is
very common and has often grown to a considerable size before detection,
metastases are not uncommon. The tumor typically metastasizes to regional
lymph nodes, but distant metastasis in the liver and lung is not unusual. A
common clinical problem with cancer is patients that present a metastasis of

15 unknown origin. In the case where a metastasis is an adenocarcinoma,
several possible primary tumors can be suspected, e.g. breast, prostate,
pancreatic, stomach and colo-rectal cancer. For differential diagnostics,
immunchistochemical markers can be used that recognize features inherent
in the cell of origin. At present, cytokeratin 20 (CK20), an intermediate

20 filament marker abundant in the glandular cells of the Gl-tract, is used to
characterize colo-rectal cancer. However, several other adenocarcinomas
can also be positive for CK20 antibodies, whereas not all colo-rectal cancers
are positive. Furthermore, there are no markers available today that can
distinguish tumors of low malignancy grade and low risk for metastasis from

25  highly malignant tumors with a reduced chance of survival.

In order for doctors to give specific treatment for the right type of
cancer and as early as possible, the provision of new molecular markers that
are specific to colo-rectal cancer alone, and affords the possibility of
differentiating patients into different risk categories is crucial. In summary,

30 there is a great demand for new means to advance the diagnostics and
screening of colo-rectal cancer.

Disclosure of the invention
It is an object of the present invention to meet this demand through the
35 provision of a marker useful for the diagnosis and/or prognosis of colo-rectal
cancer in a subject.
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it is a related object of the invention to provide a marker which is useful
for distinguishing between colo-rectal cancers and other types of cancer.

It is another object of the present invention to provide new methods for
the diagnosis, prognosis and/or treatment of colo-rectal cancer.

5 Itis a related object of the present invention to provide a kit that can be
used in connection with methods for the diagnosis, prognosis and/or
treatment of colo-rectal cancer.

Another abject of the present invention is to provide novel compounds
useful for diagnosis, prognosis and/or therapy of colo-rectal cancer.

10 For these and other objects apparent to the skilled person from the
present disclosure, the present invention provides, in its different aspects,
new means for determining the status and prognosis of colo-rectal cancer,
and for the treatment thereof.

Thus, in a first aspect, the present invention provides a method for

15 determining whether a prognosis for colo-rectat cancer in a mammalian
subject having or suspected of having colo-rectal cancer is poor, comprising
the steps of:

a) providing a sample from the subject;
b) quantifying the amount of SATB2 protein present in said sample to

20  yield a sample value;

¢} comparing the sample value obtained in step b) with a reference
value; and, if said sample value is lower than said reference value,

d) concluding that the prognosis for colo-rectal cancer in said subject is
poor. |

25 This first aspect of the present invention is based on the previously
unrecognized fact that the expression of SATB2 protein in samples from a
subject having or suspected of having colo-rectal cancer may serve as an
indicator of disease status in subjects. More particularly, the present invention
identifies for the first time a correlation between a low value of SATB2

30  expression on the one hand and more aggressive or high-risk forms of colo-
rectal cancer on the other. The present invention based on SATB2 expression
as an indicator of colo-rectal cancer prognosis has a number of benefits. For
cancer in general, early detection of aggressive forms is of vital importance as
it enables curing treatment. This is particularly true for colo-rectal cancer, for

35  which several large studies have shown that subjects with early cancers, i.e.
representing stage 1 and stage 2 tumors (essentially Dukes’ A and B), have a
substantially better prognosis as compared to subjects with late stage tumors.
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This difference is not dependent on the mode of treatment since radical
resection is performed for all types of colo-rectal cancer. Rather, the large
difference in survival is clearly related to early detection, correct diagnosis
and adequate surgical treatment. The SATB2 protein, as a marker for which a
certain level of expression is correlated with a certain pattern of disease
progression, has a great potential for example in a panel for differential
diagnostics of metastasis.

In an embodiment of the invention, the conclusion in step d) of a poor
prognosis may involve establishing that said subject has a shorter expected
survival time than would have been the case if the subject had not exhibited a
low SATB2 expression vaiue. Alternatively or also, the conclusion of a poor
prognosis may involve establishing a lower likelthood of five-year survival
than would have been the case if the subject had not exhibited a low SATB2
expression value. For example, the conclusion may be that said subject has a
likelihood of five-year survival of 65 % or lower, for example 60 % or lower, 50
% or lower, 40 % or lower or 30 % or lower.

Further, regarding subjects having or suspected of having node
negative tumors, the conclusion may be that said subject has a likelihood of
five-year survival of 73 % or lower, for example 70 % or lower, for example 60
% or lower, 50 % or lower, 40 % or lower or 30 % or lower. Regarding female
subjects, the conclusion may be that said subject has a likelihood of five-year
survival of 74 % or lower, for example 70 % or lower, for example 60 % or
lower, 50 % or lower, 40 % or lower or 30 % or lower. Regarding female
patients having or suspected of having node negative tumors, the conclusion
may be that said subject has a likelihood of five-year survival of 80 % or
lower, for example 75 % or lower, for example 70 % or iower, for example 60
% or lower, 50 % or lower, 40 % or lower or 30 % or lower.

The identified correlation between low SATB2 expression and high-risk
forms of colo-rectal cancer may also form the basis for a decision to apply a
different regime for treatment of the subject than would have been the case if
the subject had not exhibited a low SATB2 expression value. Thus, in a
second aspect, the present invention provides a method of freatment of colo-
rectal cancer in a subject in need thereof, comprising

a) providing a sample from the subject;

b) quantifying the amount of SATB2 protein present in said sample to
yield a sample value;
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¢) comparing the sample value obtained in step b) with a reference
value; and, if said sample value is lower than said reference value,

d} treating said subject with a treatment regimen adapted to a poor
prognosis of colo-rectal cancer

in one embodiment of the invention, the treatment regimen is selected
from chemotherapy, neo-adjuvant therapy and combinations thereof.

Thus, the treatment regimen may be neo-adjuvant therapy. Such neo-
adjuvant therapy may consist of radiation therapy only or of radiation therapy
in combination with chemotherapy.

in the method aspects of the present invention described above, the
subject may have, or be suspected of having, colo-rectal cancer in different
forms and/or stages. . ‘

In some embodiments of these aspects, the colo-rectal cancer in
question is a node-negative colo-rectal cancer, i.e. colo-rectal cancer that has
not progressed to the lymph node metastazing stage. in other similar
embodiments, the colo-rectal cancer in question is characterized as being in
either Dukes’ stage A or B. In yet other embodiments, the colo-rectal cancer
in question is colo-rectal adenoma or colo-rectal carcinoma. In these
embodiments, determining that the subject exhibits low SATB2 expression
may be of great value for the prognosis of future progression of the disease
and thus form the basis for an informed decision with regard to future disease
management. Within a group of subjects afflicted with such a comparatively
early stage of disease, subjects with low SATB2Z expression likely are at a
comparatively high risk of developing a more aggressive disease. Low SATB2
expression among subjects having node-negative colo-rectal cancer or
Dukes’ stage A or B colo-rectal cancer may therefore indicate that these
subjects should be monitored more closely and/or treated differently than
subjects that do not exhibit low SATB2 expression. The methods according to
the invention therefore offers the possibility of a greater chance for survival
over a certain period of time and/or longer survival time for such subjects,
owing fo the additional prognostic information given by the SATB2 marker.

In other embodiments, the colo-rectal cancer in question is
metastazing colo-rectal cancer. In other similar embodiments, the colo-rectal
cancer in question is characterized as being in Dukes’ stage C.

in embodiments of the invention, the subject is a human, such as a
woman. As shown in the appended examples, the prognostic value of the
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SATB2 marker is especially marked in the group of human, female subjects
having node-negative forms of colo-rectal cancer.

A determination that the sample value of SATBZ protein expression is
lower than the reference value is sometimes referred to herein as a
determination of “low SATB2 expression”.

In the methods of the invention, the reference value for use as
comparison with the sample value for a subject may be established in various
ways. As one non-limiting example, the reference value may correspond to
the amount of SATB2 expression in healthy tissue of the subject undergoing
the prognosis or therapy. As another example, the reference value may be
provided by the amount of SATB2 expression measured in a standard sample
of normal tissue from another, comparable subject. As another example, the
reference value may be provided by the amount of SATB2 expression
measured in a standard sample of tumor tissue, such as tissue from a Dukes'
stage A or B cancer.

The reference value may be obtained in the course of carrying out the
method according to the above aspects of the present invention. Alternatively,
the reference value is a predetermined value obtained from a reference
sample and corresponding to the amount of SATB2 expression in said
reference sample.

One alternative for the quantification of SATB2 expression in a sample
is the determination of the fraction of cells in the sample exhibit SATB2
expression over a certain tevel. This determination may for example be
performed as described below in the Examples, section 4, definition of
“fraction score”. In embodiments of the methods of the above aspects of the
present invention, the criterion for the conclusion in step d) is a sample value
for the nuciear fraction of SATBZ positive cells, i.e. a “fraction score”, which is
lower than the reference value of 50 %, such as lower than 40 %, such as
lower than 30 %, such as lower than 25 %, such as lower than 20 %, such as
iower than 15 %, such as lower than 10 %, such as lower than 5 %, such as
lower than 1 %. Further, the determination of a poor prognosis may
correspond to a detection of essentially no SATB2 positive cells in a sample,
i.e. a “fraction score” of essentially zero.

Another alternative for the quantification of SATB2 expression in a
sample is the automated measurement of an autoscore for SATB2 expression
using an automated scanner and image processing software. This
determination may for example be performed as described below in the
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Examples, section 5, definition of “autoscore”. In embodiments of the
methods of the above aspects of the present invention, the criterion for the
conclusion in step d) is a sample value for the expression of SATB2 in the
sample cells, i.e. an "autoscore”, which is lower than the reference value of
70, such as lower than 60, such as lower than 50, such as lower than 40,
such as lower than 30, such as lower than 25, such as lower than 20, such as
lower than 15, such as lower than 10, such as lower than 5.

In some embodiments of the invention, the measurement of sample
value and/or reference value, whether as a fraction score or autoscore as
above or as some other known or adapted variable, is performed on glandular
cells from the distal gastro-intestinal tract from a subject, i.e. appendix, colon
and/or rectum, and/or on colo-rectal cancer cells.

In another embodiment of the invention, a determination of poor
prognosis corresponds to no detectable SATB2 expression in glandular cells
from the distal gastro-intestinal tract from a subject.

In the context of the present invention, the terms “sampie value” and
“reference value” are to be interpreted broadly. As described above, the
quantification of SATB2 expression to obtain these values may be done via
automatic means, or via a scoring system based on visual or microscopic
inspection of samples. However, it is also possible for a skilled person, such
as a person skilled in the art of histopathology, to determine the sample and
reference values merely by inspection of e.g. tissue slides that have been
stained for SATB2 expression. The determination of the sample value being
lower than the reference value may thus correspond {o the determination,
upon visual or microscopic inspection, that a sample tissue slide is less
densely stained and/or exhibit fewer stained cells than is the case fora
reference tissue slide. In this case, the sample and reference values are
thought of as mental values that the skilled person determines upon
inspection and comparison. Thus, the invention is not limited to the use of
automatic analysis. .

The particular procedure used for detection of the expression of
SATB2 protein in the methods of the present invention is not limited in any
particular way. In some embodiments of the methods according to the
invention, step b) comprises:

b1) applying to the sample a quantifiable affinity ligand capable of
selective interaction with the SATB2 protein to be quantified, said application
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being performed under conditions that enable binding of the affinity ligand to
any SATB2 protein present in the sample;

b2) removing non-bound affinity iigaﬁd; and

b3) quantifying any affinity ligand remaining in association with the
sample.

In such embodiments of the invention, the sample from the subject
may be a body fluid sample, such as a sample of blood, plasma, serum,
cerebral fluid, urine, semen and exudate. in the method according to the
invention, the sample may, alternatively, be a stool sample, a cytology sample
or a tissue sample, such as a sample of colo-rectal tissue.

In a preferred embodiment, the method according to the invention is
carried out in vitro.

The skilled person will recognize that the usefulness of the present
invention is not limited to the quantification of any particular variant of the
SATB2 protein present in the subject in queéticn, as long as the protein is
encoded by the relevant gene and presents the relevant pattern of
expression. As a non-limiting exampile, the SATB2 protein has an amino acid
sequence which comprises a sequence selected from:

i) SEQ ID NO:1; and |

i} a sequence which is at least 85 % identical to SEQ ID NO:1.

In some embodiments, sequence i) above is at least 90 % identical, at
least 91 % identical, at least 92 % identical, at ieast 93 % identical, at least 94
% identical, at least 95 % identical, at least 96 % identical, at least 97 %
identical, at least 98 % identical or at least 99 % identical to SEQ 1D NO:1.

As another non-limiting example, the SATB2 protein has an amino acid
sequence which comprises a sequence selected from;

H  SEQIDNO:2; and ‘

it} a sequence which is at least 85 % identical to SEQ 1D NO.2.

In some embodiments, sequence ii) above is at least 80 % identical, at
least 91 % identical, at least 92 % identical, at least 93 % identical, at least 94
% identical, at least 85 % identical, at least 96 % identical, at least 97 %
identical, at least 98 % identical or at least 99 % identical to SEQ ID NO:2.

in embodiments of the methods accdrding to the invention, the SATBZ
protein is detected and/or quantified through the application to a sample of a
detectable and/or quantifiable affinity ligand, which is capable of specific or
selective interaction with the SATBZ protein. The application of the affinity
ligand is performed under conditions that enable binding of the affinily ligand
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to any SATBZ protein in the sample. it is regarded as within the capabilities of
those of ordinary skill in the art to select or manufacture the proper affinity
ligand and to select the proper format and conditions for detection and/or
quantification, once the connection between SATB2 and colo-rectal canceris
known through the teaching of the present disclosure. Nevertheless,
examples of affinity ligands that may prove useful, as well as examples of
formats and conditions for detection and/or quantification, are given below for
the sake of illustration,

Thus, in some embodiments of the invention, an affinity ligand is used,
which is selected from the group consisting of antibodies, fragments thereof
and derivatives thereof, i.e. affinity ligands based on an immunogiobulin
scaffold. Antibodies comprise monocional and polyclonal antibodies of any
origin, including murine, human and other antibodies, as well as chimeric
antibodies comprising sequences from different species, such as partly
humanized mouse antibodies. Polyclonal antibodies are produced by
immunization of animals with the antigen of choice, whereas monoclonal
antibodies of defined specificity can be produced using the hybridoma
technology developed by Kéhler and Milstein (Kéhiler G and Milstein C (1978)
Eur. J. Immunol. 6:511-519). Antibody fragments and derivatives comprise
Fab fragments, consisting of the first constant domain of the heavy chain
(CH1), the constant domain of the light chain (CL), the variable domain of the
heavy chain (VH} and the variable domain of the light chain (VL) of an intact
immunoglobulin protein; Fv fragments, consisting of the two variable antibody
domains VH and VL (Skerra A and Pllckthun A {1888) Science 240:1038-
1041), single chain Fv fragments (scFv), consisting of the two VH and VL
domains linked together by a flexible peptide linker (Bird RE and Walker BW
(1991) Trends Biotechnol. 9:132-137); Bence Jones dimers (Stevens FJ ef af
(1991) Biochemistry 30:6803-6805); camelid heavy-chain dimers (Hamers-
Casterman C ef al {1993) Nature 363:446-448) and single variable domains
{Cai X and Garen A (1996) Proc. Natl. Acad. Sci. U.S.A. 93:6280-6285,
Masat L et al (1994) Proc. Natl. Acad. Sci. U.S.A. 91:893-896), and single
domain scaffolds like e.g. the New Antigen Receptor (NAR) from the nurse
shark {Dooley H et al (2003) Mol. Immunol. 40:25-33) and minibodies based
on a variable heavy domain (Skerra A and Plickthun A (1988) Science
240:1038-1041). :

Polycional and monoclonal antibodies, as well as their fragments and
derivatives, represent the traditional choice of affinity ligands in applications
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requiring selective biomolecular recognition, such as in the detection and/or
guantification of SATB2 protein according to the invention. However, those of
skill in the art know that, due to the increasing demand of high throughput
generation of specific binding ligands and low cost production systems, new
biomolecular diversity technologies have been developed during the last
decade. This has enabled a generation of novel types of affinity ligands of
both immunoglobulin as well as non-immunoglobulin origin that have proven
equally useful as binding ligands in biomolecular recognition applications and
can be used instead of, or together with, immunoglobulins.

The biomolecutar diversity needed for selection of affinity ligands may
be generated by combinatorial engineering of one of a plurality of possible
scaffold molecules, and specific and/or selective affinity ligands are then
selected using a suitable selection platform. The scaffold molecule may be of

immunaglobulin protein origin {(Bradbury AR and Marks JD {2004) J. immunol.

Meths. 290:29-49), of non-immunoglobulin protein origin (Nygren PA and
Skerra A (2004) J. Immunol. Meths. 280:3-28), or of an oligonucleotide origin
(Gold L et af (1985) Annu. Rev. Biochem. 64.763-797).

A large number of non-immunoglobulin protein scaffolds have been
used as supporting structures in development of novel binding proteins. Non-
limiting examples of such structures, useful for generating affinity ligands
against SATB2 for use in the present invention, are staphylococcal protein A
and domains thereof and derivatives of these domains, such as protein Z
(Nord K ef al (1997} Nat. Bictechnol. 15:772-777); lipocalins (Beste G ef a/
(1999) Proc. Natl. Acad. Sci. U.S.A. 86:1898-1803); ankyrin repeat domains
(Binz HK et al (2003) J. Mol. Biol. 332:489-503); cellulose binding domains
(CBD) (Smith GP et af {1998) J. Mol. Biol. 277:317-332; Lehtio J ef af (2000)
Proteins 41:316-322), y crystallines (Fiedler U and Rudolph R, W0O01/04144),
green fluorescent protein (GFP) (Peelle B ef af (2001) Chem. Biol. 8:521-
534); human cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) {(Hufton
SE et al (2000} FEBS Lett. 475:225-231; Irving RA et al (2001) J. Immunol.
Meth. 248:31-45); protease inhibitors, such as Knottin proteins (Wentzel A of
al (2001) J. Bacteriol. 183:7273-7284; Baggio R et al (2002} J. Mol. Recognit.
15:126-134) and Kunitz domains (Roberts BL ef a/ (1992) Gene 121:9-15;
Dennis MS and Lazarus RA (1994) J. Biol. Chem, 268:22137-22144); PDZ
domains (Schneider S ef af (1899) Nat. Biotechnof. 17:170-175); peptide
aptamers, such as thioredoxin (Lu Z et al (1995) Biotechnology 13:366-372;
Klevenz B ef af (2002) Cell. Mol. Life Sci. 59:1993-1898); staphylococcal

.4

12
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nuclease (Norman TC ef af (1999) Science 285:581-585),; tendamistals
(McConell SJ and Hoess RH (1995) J. Mol. Biol. 250:460-479; Li R ef a/
(2003) Protein Eng. 16:65-72); trinectins based on the fibronectin type il
domain (Koide A ef af (1998) J. Mol. Biol. 284:1141-1151; Xu L ef af (2002)
Chem. Biol. 9:933-942); and zinc fingers (Bianchi E ef af (1995} J. Mol. Biol.
247:154-160; Klug A {1999) J. Mol. Biol. 2083:215-218; Segal DJ et al (2003)
Biochemistry 42:2137-2148).

The above mentioned examples of non-immunoglobulin protein
scaffolds include scaffold proteins presenting a single randomized loop used
for the generation of novel binding specificities, protein scaffolds with a rigid
secondary structure where side chains protruding from the protein surface are
randomized for the generation of novel binding specificities, and scaffolds
exhibiting a non-contiguous hyper-variable loop region used for the
generation of novel binding specificities.

In addition to non-immunocglobulin proteins, oligonucleotides may also
be used as affinity ligands. Single stranded nucleic acids, called aptamers or
decoys, fold into well-defined three-dimensional structures and bind to their
target with high affinity and specificity. (Ellington AD and Szostak JW (1290)
Nature 346:818-822; Brody EN and Gold L {2000} J. Biotechnol. 74:5-13;
Mayer G and Jenne A (2004) BioDrugs 18:351.359). The oligonucieotide
ligands can be either RNA or DNA and can bind to a wide range of target
molecule classes.

For selection of the desired affinity ligand from a pool of variants of any
of the scaffold structures mentioned above, a number of selection platforms
are available for the isolation of a specific novel ligand against a target protein
of choice. Selection platforms include, but are not limited to, phage display
{Smith GP (1985) Science 228:1315-1317), ribosome display (Hanes J and
Pitckthun A (1997) Proc. Natl. Acad. Sci. U.S.A. 94:4037-4842), yeast two-
hybrid system (Fields S and Song O {1989) Nature 340:245-246), mRNA
display (Roberts RW and Szostak JW (1997) Proc. Natl, Acad. Sci. U.S A.
04:12297-12302), SELEX {System Evolution of Ligands by Exponential
Enrichment) (Tuerk C and Gold L (1990) Science 249:505-510) and protein
fragment compiementation assays (PCA) {(Remy | and Michnick SV (1899)
Proc. Natl. Acad. Sci. U.8.A. 96:5394-5399).

Thus, in embodiments of the invention, an affinity ligand may be used,
which is a non-immunoglobulin affinity ligand derived from any of the protein
scaffolds listed above, or an oligonuclectide molecule.
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In some embodiments of the methods according to the invention, an
affinity ligand capable of selective interaction with the SATB2 protein is
detectable and/or quantifiable. The detection and/or quantification of such an
affinity ligand may be accomplished in any way known to the skilled person

5 for detection and/or quantification of binding reagents in assays based on
biological interactions. Thus, any affinity ligand, as described in the previous
section, may be used quantitatively or qualitatively to detect the presence of
the SATB2 protein. These “primary” affinity ligands may be labeled
themselves with various markers or are in turn detected by secondary,

10 labeled affinity ligands to allow detection, visualization and/or quantification.
This can be accomplished using any one or more of a multitude of labels,
which can be conjugated to the affinity ligand capable of interaction with
SATB2 or to any secondary affinity ligand, using any one or more of a
multitude of techniques known to the skilled person, and not as such involving

15  any undue experimentation.

Non-limiting examples of labels that can be conjugated to primary
and/or secondary affinity ligands include fluorescent dyes or metals (e.g.
fluorescein, rhodamine, phycoerythrin, fluorescamine), chromophoric dyes
(e.g. rhodopsin), chemiluminescent compounds (e.g. luminal, imidazole) and

20 bioluminescent proteins (e.g. luciferin, luciferase), haptens (e.g. biotin}. A
variety of other useful fluorescers and chromophores are described in Stryer
L (1868) Science 182:526-533 and Brand L and Gohike JR (1972) Annu. Rev.
Biochem. 41.843-868. Affinity ligands can also be labeled with enzymes (e.g.
horseradish peroxidase, alkaline phosphatase, beta-lactamase),

25 radioisotopes (e.g. °*H, *C, *P, S or "?°) and particies {e.g. gold). The
different types of labels can be conjugated to an affinity ligand using various
chemistries, e.g. the amine reaction or the thiol reaction. However, other
reactive groups than amines and thiols can be used, e.g. aldehydes,
carboxylic acids and glutamine.

30 The method aspects of the invention may be put to use in any of
several known formats and set-ups, of which a non-limiting selection are
discussed below. '

In a set-up based on histology, the detection, localization and/or
quantification of a labeled affinity ligand bound to its SATB2 target may

35 involve visual techniques, such as light microscopy or immunofluoresence
microscopy. Other methods may involve the detection via flow cytometry or
fuminometry.
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As explained above, detection and/or quantification of SATB2 protein
in a subject may be accomplished by removing a biological sample from the
subject, such as a tissue sample (biopsy), for example from colo-rectal tissue,
blood sample, cerebral fluid, urine or stool. The affinity ligand is applied to the

5 biological sample for detection and/or quantification of the SATB2 marker
protein. This procedure enables not only detection of SATB2 protein, but may
in addition show the distribution and relative level of expression thereof.

The method of visualization of labels on the affinity ligand may include,
but is not restricted to, fluorometric, luminometric and/or enzymatic

10 technigues. Fluorescence is detected and/or quantified by exposing
fluorescent labels to light of a specific wavelength and thereafter detecting
and/or quantifying the emitted light of a specific wavelength. The presence of
a luminescently tagged affinity ligand may be detected and/or quantified by
luminescence developed during a chemical reaction. Detection of an

15 enzymatic reaction is due to a color shift in the sample arising from chemical
reaction. Those of skill in the art are aware that a variety of different protocols
can be modified in order for proper detection and/or quantification.

In the method according to the invention, a biological sample may be
immobilized onto a solid phase support or carrier, such as nitrocellulose or

20 any other solid support matrix capable of immobilizing any SATB2 protein
present in the biological sample applied to it. Some well-known solid state
support materials useful in the present invention include glass, carbohydrate
(e.g. Sepharose), nylon, plastic, wool, polystyrene, polyethene,
polypropylene, dextran, amylase, fiims, resins, cellulose, polyacrylamide,

25 agarose, alumina, gabbros and magnetite. if the primary affinity ligand is not
labeled in itself, the supporting matrix can thereafter be washed with various
buffers known in the art and then exposed to a secondary labeled affinity
ligand, washed once again with buffers to remove unbound affinity ligands,
and thereafter selective affinity ligands can be detected and/or quantified with

30  conventional methods. The binding properties for an affinity ligand will vary
from one solid state support to the other, but those skilled in the art will be
able to determine operative and optimal assay conditions for each
determination by routine experimentation.

A method to detect and/or quantify the SATB2 protein as required by

35 the present invention is by linking the affinity ligand to an enzyme that can
then later be detected and/or quantified in an enzyme immunoassay (such as
an EIA or ELISA). Such techniques are well established, and their realization
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does not present any undue difficulties to the skilled person. In such methods,
the biological sample is brought into contact with a solid material or with a
solid material conjugated to an affinity ligand against the SATB2 protein,
which is then detected and/or quantified with an enzymatically labeled
secondary affinity ligand. Following this, an appropriate substrate is brought
to react in appropriate buffers with the enzymatic labe! to produce a chemical
moiety, which for example is detected and/or quantified using a
spectrophotometer, fluorometer, luminometer or by visual means.

As stated above, primary and any secondary affinity ligands can be
labeled with radioisotopes to enable detection and/or quantification. Non-
limiting examples of appropriate radiolabels in the current invention are °H,
4G, 3P, *°3 or '), The specific activity of the labeled affinity ligand is
dependent upon the haif-life of the radiclabel, isotopic purity, and how the
label has been incorporated into the affinity ligand. Affinity ligands are
preferably labeled using well known techniques (Wensel TG and Meares CF
(1983) in: Radioimmuncimaging and Radioimmunotherapy (Burchiel SW and
Rhodes BA eds.) Elsevier, New York, pp 185-186). A thus radiclabeled
affinity ligand can be used to visualize SATB2 protein by detection of
radioactivity in vivo or in vitro. Radionuclear scanning with e.g. gamma
camera, magnetic resonance spectroscopy or emission tomography function
for detection in vivo and in vilro, while gamma/beta counters, scintillation
counters and radiographies are also used in vitro.

A further aspect of the present invention provides a kit for carrying out
the methods according to the method aspects of the invention above, which
kit comprises:

a) a quantifiable affinity ligand capabie of selective interaction with an
SATB2 protein; and

b) reagents necessary for quantifying the amount of the affinity ligand.

The various components of the kit according to the invention are
selected and specified as described above in connection with the method
aspects of the present invention.

Thus, the kit according to the invention comprises an affinity ligand
against SATB2, as well as other means that help to quantify the specific
and/or selective affinity ligand after it bas bound specifically and/or selectively
to SATB2. For example, the kit of the present invention may contain a
secondary affinity ligand for detecting and/or quantifying a complex formed by
any SATB2 protein and the affinity ligand capable of selective interaction with
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an SATB2 protéin. The kit of the present invention may also contain various
auxiliary substances other than affinity ligands, to enable the kit to be used
easily and efficiently. Examples of auxiliary substances include solvents for
dissolving or reconstituting lyophilized protein components of the kit, wash

S buffers, substrates for measuring enzyme activily in cases where an enzyme

\ is used as a label, and substances such as reaction arresters that are
commonly used in immunoassay reagent kits.

The kit according to the invention may also advantageously comprise a
reference sample for provision of the reference value to be used for

10 comparison with the sample value. Such a reference sample may for example
be constituted by a sampie of tissue having a predetermined amount of
SATB2Z protein, which may then be used by the person of skill in the art of
pathology to determine the SATB2 expression status in the sample being
studied, by ocular or automated comparison of expression levels in the

15 reference sample and the subject sample.

As a further aspect of the present invention, there is provided the use
of an SATB2 protein as a prognostic marker. Also provided is the use of an
SATB2 protein as a prognostic marker for colo-rectal cancer.

As a related aspect of the invention, there is provided the use of an

20  SATB2 protein, or an antigenically active fragment thereof, in the manufacture
of a prognostic agent for the prognosis of colo-rectal cancer. An antigenically
active fragment of an SATB2 protein is a fragment of sufficient size to be
useful for the generation of an affinity ligand, e.g. an antibody, which will
interact with an SATB2 protein comprising the fragment.

25 In embodiments of these use aspects of the invention, the SATB2
protein may, as a non-limiting example, have an amino acid sequence which
comprises a sequence selected from:

i) SEQ ID NO:1; and

ii} a sequence which is at least 85 % identical to SEQ 1D NO:1.

30 In some embodiments, sequence ii) above is at least 90 % identical, at
least 91 % identical, at least 92 % identical, at least 93 % identical, at least 94
% identical, at least 95 % identical, at least 96 % identical, at least 97 %
identical, at least 98 % identical or at least 99 % identical to SEQ 1D NO:1.

As another non-limiting example, the SATB2 protein has an amino acid

35 sequence which comprises a sequence selected from:

i) SEQ ID NO:2; and

it} a sequence which is at least 85 % identical to SEQ 1D NO:2.
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In some embodiments, sequence i) above is at least 90 % identical, at
least 91 % identical, at least 92 % identical, at least 93 % identical, at least 94
% identical, at least 95 % identical, at least 96 % identical, at least 97 %
identical, at least 98 % identical or at least 99 % identical to SEQ 1D NO:2.

As a further aspect thereof, the present invention provides an affinity
ligand capable of selective interaction with an SATB2 protein, which is an
antibody or a fragment or a derivative thereof. Such an antibody, or fragment
or derivative thereof, may for example be one that is obtainable by a process
comprising a step of immunizing an animal with a protein whose amino acid
sequence comprises the sequence SEQ ID NO:1. Processes for the
production of antibodies or fragments or derivatives thereof against a given
target are known in the art, and may be applied in connection with this aspect
of the present invention. Any of those variants of the SATB2 protein (SEQ iD
NQ:2) or the antigenically active fragment thereof (SEQ {D NQ:1) that are
discussed above may, of course, be used in such a process for generating an
antibody or a fragment or derivative thereof.

As a further aspect thereof, the present invention provides use of the
affinity ligand according to the invention as a prognostic agent. A preferred
embodiment of this use is use of the affinity ligand as a prognostic agent for
the prognosis of colo-rectal cancer. The present invention also provides use
of the affinity ligand for the prognosis of colo-rectal cancer. As a related
aspect thereof, the present invention provides use of the affinity ligand
according to the invention in the manufacture of a prognostic agent for the
prognosis of colo-rectal cancer.

The present invention also provides, in another aspect thereof, a
method for the diagnosis of colo-rectal cancer, comprising a step of detecting
an SATB2 protein. This aspect of the present invention is based on the
finding that SATB2 can serve as a protein marker for colo-rectal tissue in
general, and for colo-rectal cancer in particular. As detailed further below,
antibodies generated towards a fragment of the SATB2 protein show a strong
and selective nuclear immunoreactivity in glandular celis from the distal
gastro-intestinal tract, i.e. the appendix, colon and rectum, and in colo-rectal
cancer. The most striking finding is positivity in 11 out of 11 colo-rectal
carcinomas, Aside from colo-rectal cancer, only very few other tumors were
weak or moderately positive.

In addition, SATB2 is relatively little present in other types of cancer,
which in turn makes affinity ligands directed against SATB2 highly interesting
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tools for specifically distinguishing colo-rectal cancer from other cancers.
Most colo-rectal cancers are gland-derived and therefore classified as
adenocarcinomas. This is a typical cancer type, and can derive from various
other organs as well. Therefore, the finding of the present invention is highly
interesting when used to type the tumor metastasis, where the organ origin of
the tumor is often unknown. At present, the available molecular markers for
colo-rectal cancer are cross-reactive with respect to other adenocarcinomas,
and therefore it is difficult to locate a tumor and to identify the origin of a
metastasis. The specific colo-rectal cancer marker according to the invention
will enable a doctor to locate cancer efficiently, provide more efficient
treatment, and eventually help give patients more dependable prognosis.

Another aspect of the present invention involves the simultaneous
testing of cancer samples for the SATB2 and CK20 markers. As detailed in
the Examples, section 6, the predictive value of the combination of testing for
both SATB2 and CK20 expression in distinguishing colo-rectal cancer

“exceeds that of testing for each of the markers taken by themselves. Thus,

the invention provides, in this aspect, a method of diagnosing cole-rectal
cancer, comprising the steps of detecting the SATBZ2 protein and detecting
the CK20 protein. Further, the invention provides a method for detecting if a
metastasis is originating from a colo-rectal cancer by detecting the presence
of the SATB2 protein and/or the CK20 protein. By combining the information
from both CK20 and SATB2, patients would more easily obtain an accurate
diagnosis for colo-rectal disease. The skilled person would be able to adapt
the teachings herein relating to the detection of SATB2 to the method
according to this aspect of the invention, and could perform the simultaneous
or sequential detection and/or quantification of SATB2 and CK20 without
undue burden in the light of the description herein and in the light of the
knowledge in the field of for example immunochistochemistry.

An interesting aspect of the present invention is the predicted leakage
of the SATB2 protein into plasma and stool in cancer patients. As a
comparison, a well-known prostate cancer marker, PSA, which is also
expressed in normal prostate, leaks from the prostate to plasma even in
healthy patients. However, many prostate cancer patients have an elevated
PSA level in their plasma, and therefore screening elevated levels of PSA in
the blood is a common early screening procedure for men in the risk group for
developing prostata cancer. It is predicted that the same is true also for the
link between SATB2 and colo-rectal cancer. Thus, SATB2 is also usefulas a
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tool for screening colo-rectal cancer by using human plasma or other body
fluid or stool as the sample in the present invention. in this regard, the present
invention corresponds to a valuable extension and possibly even replacement
for the present colo-rectal cancer screens such as colo-rectoscopy or
5 sigmoidoscopy, which are so uncomfortable that many people skip them, in
spite of the fact that the American Cancer Institute recommends regular
check-ups for colo-cancer risk groups. A screening method based on the
present invention, using SATB2 as a marker protein for colo-rectal cancer,
brings significant benefit for screening, early detection and treatment of
10  patients that have been afflicted by this type of cancer.
In the context of the present invention, “prognosis” refers to the
prediction of the course or outcome of a disease and its treatment. Prognosis
may also refer to a determination of chance of survivat or recovery from a
disease, as well as to a prediction of the expected survival time of a subject.
15 A prognosis may, specifically, involve establishing the likelihood for survival of
a subject during a period of time into the future, such as three years, five
years, ten years or any other period of time.
In the context of the present invention, “diagnosis” refers to the
determination of the presence of, or the identification of, a disease or
20 disorder. Diagnosis also refers to the conclusion reached through that
process. In this context, “diagnostic” means relating to and aiding in the
determination of the existence or nature of a disease. in the context of the
present invention, “diagnosis” and “diagnostic” also mean monitoring any
naturally occurring changes in a disease over time or any changes due to
25  treatment.
As evident from the above definitions, the terms “prognosis” and
“diagnosis” have overlapping meanings and are not mutuatlly exclusive.
In the context of the present invention, “specific” or "selective”
interaction of e.g. an affinity ligand with its target or antigen means that the
30 interaction is such that a distinction between specific and non-specific, or
between selective and non-selective, interaction becomes meaningful. The
interaction between two proteins is sometimes measured by the dissociation
constant. The dissociation constant describes the strength of binding (or
affinity) between two molecules. Typically the dissociation constant between
35 an antibody and its antigen is from 107 to 10""" M. However, high specificity
does not necessarily require high affinity. Molecules with low affinity (in the
molar range) for its counterpart have been shown to be as specific as
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molecules with much higher affinity. In the case of the present invention, a
specific or selective interaction refers to the extent to which a particular
method can be used to determine the presence and/or amount of a specific
protein, the target protein or a fragment thereof, under given conditions in the
presence of other proteins in a sample of a naturally occurring or processed
biological fluid. In other words, specificity or selectivity is the capacity to
distinguish between related proteins. Specific and selective are sometimes
used interchangeably in the present description.

in the context of the present invention, a “mono-specific antibody” is
one of a population of polycional antibodies which has been affinity purified
on its own antigen, thereby separating such mono-specific antibodies from
other antiserum proteins and non-specific antibodies. This affinity purification
resuits in antibodies that bind selectively to its antigen. in the case of the
present invention, the polyclonal antisera are purified by a two-step
immunoaffinity based protocol to obtain mono-specific antibodies selective for
the target protein. Antibodies directed against generic affinity tags of antigen
fragments are removed in a primary depletion step, using the immobilized tag
protein as the capturing agent. Following the first depletion step, the serum is
loaded on a second affinity column with the antigen as capturing agent, in
order to enrich for antibodies specific for the antigen (see also Nilsson P et af
(2005) Proteomics 5:4327-4337).

Brief description of the figures

Figure 1 illustrates the specificity of the antibody generated against an
SATBZ fragment (SEQ ID NO:1) on a protein microchip containing an
additional 94 different human proteins in duplicates.

Figure 2 shows a tissue Western blot analysis of the purified mono-
specific antibody. Total protein extracts from human cell lines RT-4 (lane 1),
EFO-21 (lane 2) and A-431 (lane 3), as well as from normal human liver {(lane
4) and normal human tonsil (lane 5).

Figures 3A and 3B show immunohistochemical staining of SATB2 in
the cell nuclei of (A) normal cerebral cortex and hippocampus and (B) normal
testis. Figures 3C-3E show staining of SATB2 in glandular cells in mucosa of
(C) appendix, (D) colon, and (E) rectum, all from normal subjects. Figure 3F
shows a higher magnification of the staining in colonal mucosa.
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Figure 4A shows immunohistochemical staining of SATB2 in all of
eleven tested colo-rectal cancer samples (duplicates). Figure 4B shows a
higher magnification of six of the cancer samples shown in Figure 4A.

Figure 5 shows immunchistochemical staining of intermediately
differentiated colo-rectal adenocarcinoma. Figure 5A (left) shows a section
with SATB2 expression, whereas Figure 5B (right) shows a section wherein
SATB2 expression is absent. Both tumor samples are shown in duplicate.

Figure 6 shows the results of a survival analysis based on
immunohistochemical staining of 122 subjects diagnosed with colo-rectal
carcinomas. Tissue cores were scored for low or high SATBZ level. Solid
lines: nuclear fraction > 25 %. Dashed/dotted lines: nuclear fraction < 25 %.
Tissues from (A) all patients, (B) females only, (C) all node-negative patients,
(D) node-negative females.

Figure 7 shows the result of hierarchical clustering of expression data
from 218 cancer tissues that were immunohistochemically stained for SATB2
expression and for expression of the conventional colon cancer markers CEA,
CK20, CDX2, p53, Ki67 and Cyclin B1 (CCNB1),

Figure 8 shows a detailed comparison of CK20 and SATB2 expression
based on immunohistochemical stainings of tissue from 122 subjects
diagnosed with colo-rectal carcinomas. Tissue cores were scored for low or
high SATB2Z level and low or high CK20 level.

Figure 9 shows a comparison of CK20 and SATB2 expression based
on immunchistochemical stainings of lymph node metastases from 17
subjects diagnosed with colo-rectal carcinoma. Tissue cores were scored for
SATB2 nuclear fraction and CK20 staining.

Examples
Generation of mone-specific antibodies against SATB2 and use thereof to

detect SATB2 in normal and cancerous samples

1) Generation of antigen
a. Materials and methods

A suitable fragment of the target protein encoded by the EnsEMBL
Gene 1D ENSG00000119042 was designed using bioinformatic tools with the
human genome sequence as template {Lindskog M et al (2005)
Biotechniques 38:723-727, EnsEMBL, www.ensembl.org). A fragment
censisting of 123 amino acids corresponding to amino acids 377-499 (SEQ ID
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NO:1) of the protein SATB2 (SEQ ID NO:2; EnsEMBL entry no.
ENSP00000260926) was designed. A polynucleotide encading the target
protein, which polynucleotide contained nucleotides 1542-1810 of the long
SATB2 gene transcript (SEQ {D NO:3; EnsEMBL entry no.

5 ENSTO00000280826), was isolated by a Superscript™ Cne-Step RT-PCR
amplification kit with Platinum® Taq {Invitrogen) and a human total RNA pooi
panei as template {Human Total RNA Pane! IV, BD Biosciences Clontech).
Flanking restriction sites Notl and Ascl were introduced into the fragment
through the PCR amplification primers, to allow in-frame cloning into the

10 expression vector (forward primer: GTGTCCCAAGCTGTCTTTG, reverse
primer: CTTGGCCCTTTTCATCTCC). Then, the downstream primer was
biotinylated to allow solid-phase cloning as previously described, and the
resulting biotinylated PCR product was immobilized onto Dynabeads M280
Streptavidin (Dynal Biotech) {Larsson M et af (2000) J. Biotechnol. 80:143-

15 157). The fragment was released from the solid support by Notl-Ascl
digestion (New England Biolabs), ligated into the pAff8c vector (Larsson M et
al, supra) in frame with a dual affinity tag consisting of a hexahistidy! tag for
immobilized metal ion chromatography (IMAC) purification and an
immunopotentiating albumin binding protein (ABP) from streptococcal protein

20 G (Sjdlander A ef al (1897) J. Immunol. Methods 201:115-123; Stahi S et af
(1999) Encyclopedia of Bioprocess Technology: Fermentation, Biocatalysis
and Bioseparation (Fleckinger MC and Drew SW, eds) John Wiley and Sons
Inc., New York, pp 49-63), and transformed into £. coli BL21(DE3) cells
(Novagen). The sequences of the clones were verified by dye-terminator

25 cycle sequencing of plasmid DNA amplified using TempliPhi DNA sequencing
amplification kit (GE Healthcare, Uppsala, Sweden) according to the
manufacturer's recommendations.

BL21(DE3) cells harboring the expression vector were inoculated in
100 ml 30 g/t tryptic soy broth (Merck KGaA) supplemented with 5 g/l yeast

30  extract (Merck KGaA) and 50 mg/l kanamycin (Sigma-Aldrich) by addition of 1
mi of an overnight culture in the same culture medium. The cell culture was
incubated in a 1 liter shake flask at 37 °C and 150 rpm until the optical density
at 600 nm reached 0.5-1.5. Protein expression was then induced by addition
of isopropyl--D-thiogalactopyranoside {Apollo Scientific) to a final

35 concentration of 1 mM, and the incubation was continued overnight at 25 °C
and 150 rpm. The cells were harvested by centrifugation at 2400 g, and the
peliet was re-suspended in 5 ml lysis buffer (7 M guanidine hydrochloride, 47
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mM Naz;HPO4, 2.65 mM NaM,PO,, 10 mM Tris-HCI, 100 mM NaCl, 20 mM 8-
mercaptoethanol, pH = 8.0) and incubated for 2 hours at 37 °C and 150 rpm.
After centrifugation at 35300 g, the supernatant containing the denatured and
solubilized gene products was collected.

The Hiss-tagged fusion protein was purified by immobilized metal ion
affinity chromatography (IMAC) on columns with 1 mi Talon® metal (Coz*)
affinity resin (BD Biosciences Clontech) using an automated protein
purification procedure (Steen J et af (2006) Protein Expr. Purif. 46:173-178)
on an ASPEC XL4™ (Gilson). The resin was equilibrated with 20 mi
denaturing washing buffer (6 M guanidine hydrochloride, 46.6 mM Na;HPQ,,
3.4 mM NaH;PO,, 300 mM NaCli, pH 8.0-8.2). The resin was then washed
with a minimum of 31.5 m! washing buffer prior to elution in 2.5 mli elution
buffer (6 M urea, 50 mM NaH,PQO,4, 100 mM NaCli, 30 mM acetic acid, 70 mM
Na-acetate, pH 5.0). The eluted material was fractioned in three pools of 500,
700 and 1300 ul. The 700 pi fraction, containing the antigen, and the pooled
500 and 1300 pl fractions were stored for further use.

The antigen fraction was diluted to a final concentration of 1 M urea
with phosphate buffered saline (PBS; 1.8 mM NaHzPO,, 8.1 mM NazHPO,,
154 mM NaCl) followed by a concentration step to increase the protein
concentration using Vivapore 10/20 ml concentrator with molecular weight cut
off at 7500 Da (Vivascience AG). The protein concentration was determined
using a bicinchoninic acid (BCA) micro assay protoco! {Pierce)} with a bovine
serum albumin standard according to the manufacturer's recommendations.
The protein quality was analyzed on a Bicanalyzer instrument using the
Protein 50 or 200 assay (Agilent Technologies).

b} Results

A gene fragment corresponding to nucieotides 1542-1910 of the long
transcript (SEQ 1D NO:3) of the SATB2 gene and encoding a peptide (SEQ ID
NO:1) consisting of amino acids 377 to 499 of the target protein SATB2 (SEQ
D NO:2) was successfully isolated by RT-PCR from a human RNA pool using
primers specific for the protein fragment. However, there was one single silent
nucleotide mutation in the sequence compared to the sequence of
ENSG000001198042 from EnsEMBL. The 123 amino acid fragment (SEQ ID
NO:1) of the target protein (SEQ 1D NO:2) was designed to lack
transmembrane regions to ensure efficient expression in £. cofi, and to lack
any signal peptide, since those are cleaved off in the mature protein. In
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addition, the protein fragment was designed to consist of a unique sequence
with low homology with other human proteins, to minimize cross reactivity of
generated affinity reagents, and to be of a suitable size to allow the formation
of conformational epitopes and still allow efficient cloning and expression in
bacterial systems.

A clone encoding the correct amino acid sequence was identified, and,
upon expression in E. coli, a single protein of the correct size was produced
and subsequently purified using immobilized metal ion chromatography. After
dilution of the eluted sample to a final concentration of 1 M urea and
concentration of the sample to 1 mi, the concentration of the protein fragment
was determined to be 7,4 mg/mi and was 98 % pure according to purity
analysis.

2} Generation of antibodies
a) Materials and methods

The purified SATB2 fragment as obtained above was used as antigen
to immunize a rabbit in accordance with the national guidelines {Swedish
permit no. A 84-02). The rabbit was immunized intramuscularly with 200 ug of
antigen in Freund's complete adjuvant as the primary immunization, and
boosted three times in four week intervals with 100 pg antigen in Freund's
incomplete adjuvant.

Antiserum from the immunized animal was purified by a three-step
immunoaffinity based protocol (Agaton C et af (2004) J. Chromatogr. A
1043:33-40; Nilsson P et af (2005) Proteomics 5:4327-4337). In the first step,
10 mi of total antiserum was buffered with 10x PBS to a final concentration of
1x PBS {1.9 mM NaH;PO4, 8.1 mM Na;HPO,, 154 mM NacCl), filtered using a
0.46 ym pore-size filter (Acrodisc®, Life Science) and applied to a an affinity
column containing 5 mi N-hydroxysuccinimide-activated Sepharose™ 4 Fast
Flow (GE Healthcare) coupled to the dual affinity tag protein Hisg-ABP (a
hexahistidyl tag and an albumin binding protein tag) expressed from the
pAff8¢ vector and purified in the same way as described above for the antigen
protein fragment. In the second step, the flow-through, depleted of antibodies
against the dual affinity tag Hisg-ABP, was loaded at a flow rate of 0.5 mi/min
on a 1 ml Hi-Trap NHS-activated HP column (GE Healthcare) coupled to the
SATB2 protein fragment used as antigen for immunization (SEQ 1D NO:1).
The Hiss-ABP protein and the protein fragment antigen had been coupled fo

- the NHS activated matrix as recommended by the manufacturer, Unbound

.12
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material was washed away with 1x PBST (1x PBS, 0.1 % Tween20, pH 7.25),
and capiured antibodies were eluted using a low pH glycine buffer (0.2 M
giycine, 1 mM EGTA, pH 2.5). The eluted antibody fraction was collected
automatically, and loaded onto two 5 ml HiTrap™ desalting columns (GE
5 Healthcare) connected in series for efficient buffer exchange in the third step.
The second and third purification steps were run on the AKTAxpress™
platform (GE Healthcare). The antigen selective (mono-specific) antibodies
(msAbs) were eluted with PBS buffer, supplemented with glycerol and NaN;
to final concentrations of 50 % and 0.02 %, respectively, for long term storage
10 at-20 °C (Nilsson P ef a/ (2005) Proteomics 5:4327-4337).
The specificity and selectivity of the affinity purified antibody fraction
were analyzed by binding analysis against the antigen itself and against 94
other human protein fragments in a protein array set-up (Nilsson P et a/
(2005) Proteomics 5:4327-4337). The protein fragments were diluted to 40
15 pg/miin 0.1 M urea and 1x PBS (pH 7.4) and 50 ul of each was transferred to
the wells of a 96-well spotting plate. The protein fragments were spotted and
immobilized onto epoxy slides (SuperEpoxy, TeleChem) using a pin-and-ring
arrayer {(Affymetrix 427). The slide was washed in 1x PBS (5 min) and the
surface was then blocked (SuperBlock®, Pierce) for 30 minutes. An adhesive
20 16-well silicone mask (Schieicher & Schuell) was applied to the glass before
the mono-specific antibodies were added (diluted 1:2000 in 1x PBST to appr.
50 ng/mi) and incubated on a shaker for 60 min. Affinity tag-specific IgY
antibodies were co-incubated with the mono-specific antibodies in order to
quantify the amount of protein in each spot. The siide was washed with 1x
25 PBST and 1x PBS twice for 10 min each. Secondary antibodies (goat anti-
rabbit antibody conjugated with Alexa 647 and goat anti-chicken antibody
conjugated with Alexa 555, Molecular Probes) were diluted 1:60000 to 30
ng/ml in 1x PBST and incubated for 60 min. After the same washing
procedure as for the first incubation, the slide was spinned dry and scanned
30 (G2565BA array scanner, Agilent) and images were quantified using image
analysis software (GenePix 5.1, Axon Instruments). The results are discussed
below and presented in Figure 1.
In addition, the specificity and selectivity of the affinity purified antibady
were analyzed by Western blot. Western blot was performed by separation of
35  total profein extracts from selected human cell lines and tissues on pre-cast
10-20 % Criterion™ SDS-PAGE gradient gels (Bio-Rad Laboratories) under
reducing conditions, followed by electro-transfer to PVDF membranes (Bio-



(70) JP 2012-73260 A 2012.4.12

WO 2007/140966 PCT/EP2007/064931

28

Rad Laboratories) according to the manufacturer's recommendations. The
membranes were blocked (5 % dry milk, 1x TBST,; 0.1 M Tris-HC!, 0.6 M
NaCl, 0.5 % Tween20) for 1 h at room temperature, incubated with the
primary affinity purified antibody diluted 1:500 in blocking buffer and washed
5 in TBST. The secondary HRP-conjugated antibody (swine anti-rabbit

immunoglobulin/HRP, DakoCytomation) was diluted 1:3000 in blocking buffer
and chemiluminescence detection was carried out using a Chemidoc™ CCD
camera (Bio-Rad Laboratories) and SuperSignal® West Dura Extended
Duration substrate (Pierce), according to the manufacturer’s protocol. The

10 results are discussed below and presented in Figure 2.

b) Results :

The quality of polyclonal antibody preparations has proven to be
dependent on the degree of stringency in the antibody purifications, and it has

16  previously been shown that depletion of antibodies directed against epitopes
not originated from the target protein is necessary to avoid cross-reactivity to
other proteins and background binding (Agaton C et af (2004) J. Chromatogt.
A 1043:33-40). .

Thus, a protein microarray analysis was performed to ensure that

20 mono-specific polyclonal antibodies of high specificity had been generated by
depletion of antibodies directed against the Hisg-tag as well as of antibodies
against the ABP-tag. This was followed by affinity capture of antigen selective
antibodies on an affinity column with immobilized antigen.

To quantify the amount of protein in each spot of the protein array, a

25 two color dye labeling system was used, with a combination of primary and
secondary antibodies. Tag-specific IgY antibodies generated in hen were
detected with a secondary goat anti-hen antibody labeled with Alexa 555
fluorescent dye. The specific binding of the rabbit msAb to its antigen on the
array was detected with a fluorescently Alexa 647 labeled goat anti-rabbit

30 antibody. In Figure 1, the array results are shown as bars corresponding to
the amount of Alexa 647 fluorescence intensity (y axis) detected from each
spot of the array. Each protein fragment is spotted in duplicates, and each bar
on the x axis of the diagram represents one protein spot. The protein array
analysis shows that the affinity purified mono-specific antibody against

35 SATB2 is highly selective to the correct protein fragment and shows a very
low background to all other protein fragments analyzed on the array.
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The result of the Western blot analysis (Figure 2) shows that the
antibody specifically detects a single band of approximately 100 kDa in a
bladder tumor cell line (RT-4), an ovary cystadenocarcinoma cell line (EFO-
21} and an epidermoid cell line (A-431) (lanes 1-3). in addition, a weaker
specific band is seen in liver and tonsil tissue samples (lanes 4-5). The
theoretical molecular weight of SATB2 is 82 kDa (as calculated from the
SATB2 amino acid sequence SEQ 1D NO:2), corresponding well to the resuits
obtained with account taken of the fact that the analyzed protein may be
giycosylated or otherwise modified under the conditions of the analysis.

3} Tissue profiling by immunohistochemistry
a} Material and Methods

In total, 576 paraffin cores containing human tissues were analyzed
using the mono-specific antibody sample. All tissues used as donor blocks for
tissue microarray {TMA) production were selected from the archives at the
Department of Pathology, University Hospital, Uppsala, in agreement with
approval from the local sthical committee. Corresponding tissue sections
were examined to determine diagnosis and to select representative areas in
donor blocks. Normal tissue was defined as microscopically normal (nhon-
neoplastic} and was most often selected from specimens collected from the
vicinity of surgically removed tumors. Cancer tissue was reviewed for
diagnosis and classification. All tissues were formalin fixated, paraffin
embedded, and sectioned for diagnostic purposes.

The TMA production was performed essentially as previousiy
described (Kononen J et al {(1998) Nature Med. 4:844-847; Kallioniemi OF et
al (2001) Hum. Mol. Genet. 10:657-662). Briefly, a hole was made in the
recipient TMA block. A cylindrical core tissue sample from the donor block
was acquired and deposited in the recipient TMA block. This was repeated in
an automated tissue arrayer from Beecher Instrument (ATA-27, Beecher
Instruments, Sun Prairie, CA, USA) until 2 complete TMA design was
produced. TMA recipient blocks were baked at 42 °C for 2 h prior to
sectioning.

The design of TMA:s was focused on obtaining samples from a large
range of representative normal tissues, and on including representative
cancer tissues. This has previously been described in detail in Kampf C et a/
(2004) Ciin. Proteomics 1:285-300. In brief, samples from 48 normal tissues
and from 20 of the most common cancer types affecting humans were
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selected. In total, eight different designs of TMA blocks, each containing 72
cores of tissue with 1 mm diameter, were produced. Two of the TMA's
represenied normal tissues, corresponding to 48 different normal tissues in
triplicates from different individuals. The remaining 6 TMA:s represented

5 cancer tissue from 20 different types of cancer. For 17 of the 20 cancer types,
12 individually different tumors were sampled, and for the remaining 3 cancer
types, 4 individually different tumors were sampled, all in duplicates from the
same tumor. The TMA blocks were sectioned with 4 pm thickness using a
waterfall microtome (Leica), and placed onto SuperFrost® (Roche Applied

10  Science) glass slides for immunohistochemical analysis.

Automated immunohistochemistry was performed as previously
described (Kampf C et al (2004) Clin. Proteomics 1:285-300). In brief, the
glass slides were incubated for 45 min in 60 °C, de-paraffinized in xylene (2 x
15 min) and hydrated in graded alcohols. For antigen retrieval, slides were

16 immersed in TRS (Target Retrieval Solution, pH 6.0, DakoCytomation) and
boiled for 4 min at 125 °C in a Decioaking chamber® (Biocare Medical).
Slides were placed in the Autostainer® (DakoCytomation) and endogenous
peroxidase was initiaily blocked with H,O, (DakoCytomation). The primary
antibody and goat anti-rabbit peroxidase conjugated Envision® were

20  incubated for 30 min each at room temperature. Between all steps, slides
were rinsed in wash buffer (DakoCytomation). Finally, diaminobenzidine
(DakoCytomation) was used as chromogen and Harris hematoxylin (Sigma-
Aldrich) was used for counterstaining. The slides were mounted with Pertex®
(Histolab).

25 All immunohistochemically stained sections from the eight different
TMA:s were scanned using a ScanScope T2 automated slide-scanning
systems (Aperio Technologies). In order to represent the total content of the
eight TMA:s, 576 digital images were generated. Scanning was performed at
20 times magnification. Digital images were separated and extracted as

30 individual tagged image file format (TIFF) files for storage of original data. In
order to be able to handle the images in a web-based annotation system, the
individual images were compressed from TIFF format into JPEG format. All
images of immunohistochemically stained tissue were manually evaluated
under the microscope and annotated by a board certified pathologist or by

35 specially educated personnel (followed by verification of a pathologist).
Annotation of each different normal and cancer tissue was performed using a
simplified scheme for classification of immunochistochemical cutcome. Each
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tissue was examined for representativity and immunoreactivity. The different
tissue specific cell types included in each normal tissue type were annotated.
For each cancer, tumor cells and stroma were annotated. Basic annotation
parameters included an evaluation of i) staining intensity, ii) fraction of stained
5 celis and iii) subcellular localization (nuclear and/or

cytoplasmic/membranous). Staining intensity was subjectively evaluated in
accordance to standards used in clinical histo-pathological diagnostics and
outcome was classified as: negative = no inﬁmunoreactivity, weak = faint
immunoreactivity, moderate = medium immunoreactivity or strong = distinct

10 and strong immunoreactivity. The fraction of stained cells was classified as
<2 %, 2-25 %, 26-75 % or > 75 % immunoreactive cells of the representative
cell population. Based on both the intensity and fraction of immunoreactive
cells, a “staining score” was given for each tissue sample: 0 = negative, 1 =
weak, 2 = moderate and 3 = strong. |

15
b) Results

The results from tissue profiling with the mono-specific antibody

generated towards a recombinant protein fragment of the human target
protein SATBZ shows a particular immunoreactivity (dark grey) in several

20 normal tissues and in colo-rectal cancer (Tébies 1-4 and Figures 3-4).

Table 1 shows the SATB2 protein expression pattern in normal human

tissues. Using immunohistochemistry and TMA technology, 144 spots (1 mm
in diameter) representing 48 different types of normal tissue were screened
for expression of SATB2. Table 1 shows the level of expression in the

25  different tissues. Strong expression (staining score 3) was found in tissues
from the distal Gl-tract and in two areas of the brain. Moderate (staining score
2) levels of expression was detected in the testis and epididymis. Focal
lymphoid cells showed moderate or weak (staining score 1) expression. All
other cells and tissues were negative (staining score 0). N.R. means that no

30 representative tissues were present. SATB2 is also expressed in some
neuronal tissues and testis.
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Table 1: Expression pattern of SATB2Z in normal tissues
Tissue type Cell type Staining
score
Adrenal giand cortical cells
medullar cells

Appendix

glandular cells

lymphoid tissue

Bone marrow

bone marrow poetic cells

Breast glandular cells
Bronchus surface epithelial cells
Cerebellum celis in granular layer

cells in molecular layer

purkinje cells

Cerebral cortex

neuronal cells

non-neuronal cells

Cervix, uterine

glangular celis

surface epithekial cells {squamous)

Colon

glandular celis

Duodenum

glandular cells

Endometrium 1

cells in endometrial stroma/ECM

cells in myometrium/ECM

glandular celis

Endometrium 2

cells in endometrial stroma/ECM

cells in myometrium/ECM

glandular celis

Epididymis glandular cells
Esophagus surface epithelial cells
Fallopian tube glanduiar cells
Gall bladder glandular cells

Heart muscle

myocyies

Hippocampus

neuronal cells

non-neuronal celis

Kidney

cells in glomeruli

celis in tubuli

Lateral ventricle

neuronal cells

non-neuronal celis

Liver bile duct celis
hepatocyles
Lung alveolar ceils
macrophagas
Lymph node follicle cells (cortex)
non-follicle cells (paracortex)
Nasopharynx surface epithelial cells
Oral mucosa surface epithelial cells
Ovary follicle ceils
ovarian stromal cells
Pancreas exocrine pancreas

islet cells

Parathyroid gland

glandular cells

Placenta decidual cells
frophoblastic cells
Prostate glandular cells

= pd
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Rectum

glandular celis

Bailivary gland

glandular cells

Seminal vescicle

glandular cells

Skeletal muscle

myocyles

Skin

adnexal cells

epidermal cells

Small intestine

glandular cells

Smooth muscle

smooth muscle cells

Soft tissue 1 mesenchymal cells
Soft tissue 2 mesenchymal cells
Spleen cells in red pulp

cells in white pulp
Stomach 1 glandular celis
Stomach 2 glandular cells
Testis cells in duclus seminiferus

leydig cells

Thyroid gland

glandular celis

Tonsil

follicle cells (cortex)

non-follicte cells {(paracoriex)

surface epithelial cells

Urinary biadder

surface epithelial cells

Vagina

surface epithelial cells

Vuivalfanal skin

surface epithelial cells

OO O QO|OIMN O CHOIO[ OISO OO | Sl

Figure 3A shows a microscopic enlargement, which exhibits nuclear
positivity (dark grey) in neurons from cerebral cortex and hippocampus.
Surrounding tissue and glial cells were negétive {light grey). Tissue sections

5 from testis showed a moderate and mainly nuclear positivity (dark grey) in the
ductus seminiferous {Figure 3B).

A specific finding in the histological array involving this invention was
the distinct, strong nuclear positivity (dark grey) found in glandular cells of the
mucosa in appendix (Figure 3C), colon (3D) and rectum (3E). Note the

10  negative staining (light grey) of other cell types, e.g. inflammatory cells,
endotheliai cells, also present in the mucosa. Figure 3F shows two high
power magnifications of the colonic mucosa showing that ali glandular cells
have strong nuclear expression (dark grey) of the SATB2 protein.

Table 2 shows the level of SATB2 expression in 216 different cancer

15 tissues. All 11 colo-rectal carcinomas represented showed positivity, and in 8
of these the expression was strong. Low power microscopic magnifications
with immunchistochemically stained tissue sections showing the analyzed 11
cases of colo-rectal carcinoma are shown in Figure 4A, while high power
magnifications of representative areas from six of the colo-rectal carcinomas

20 are shown in 4B. A vast majority of the cancer cells showed strong nuclear
staining (dark grey) indicating a high level of SATB2 expression as compared
to the surrounding negative (light grey) tissue containing normal cells.
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Tabie 2: Expression pattern of SATB2 in 20 cancer types
Cancer type Subject number
112{3|4|5:6:7|8]8] 10 11 12
Breast cancer 1181010010101 0101 O 0 [ NR
Cervical cancer 1101000100100 0 0 1]
Colo-rectal cancer 331313331313 (312 1 1 N.R.
Endometrialcancer [ 01010(0(010:0[10}10] O 0 0
Head & neckcancer (01010 |0
Kidney cancer 3111|010, 0;0(0:07 O g | NR
Liver cancer 0:01Q1010(0101010] O G 0
Lung cancer 210:;010;01010(0(0! O o D
Malignantcarcinoid 110|010 0
Malignant glioma 2(170101010|0i0:0} O 0 0
Malignantlymphoma [0 | 010, 01010010101 O 0 g
Malignantmelanoma (0 (00101010000 NR INR |NR
Ovarian cancer 1101001010101 0(0! 0 ¢ 0
Pancreatic cancer 0j0i0i0I0;010:i010 0 Q N.R.
Prostate cancer 1010101010101 G10F 0 0 4]
Skin cancer gio0|101010j0101010 0 0 Y
Stomach cancer 2121001010300 10] 0 it 0
Testis cancer 2111010101016 (0 101 O 0 INR
Thyroid cancer 010|000
Urothetial cancer 2121010101050 1010 0 0 NR

4) Colo-rectal cancer TMA
a} Material and methods

5 Archival formalin-fixed paraffin-embedded tissue from 122 patients (63
women and 59 men) diagnosed with colo-rectal carcinoma between 1898 and
2002 was collected from the Department of Pathology, Maimd University
Hospital, Sweden. The median age of patients was 75 (32-88) years. 39
tumors were Dukes’ stage A, 42 Dukes’ stage B and 41 Dukes’ stage C.

10  information regarding the date of death was obtained from the regional
cause-of-death registries for all patients. Ethical permission was obtained
from the Local Ethics Committee.

All 122 cases of colo-rectal carcinoma were histopathologically re-
evaluated on slides stained with hematoxylin and eosin. TMA:s were then

15  constructed by sampling 2 x 1.0 mm cores per case from areas
representative of invasive cancer. The TMA:s were prepared and automated
IMMUNQRISTOCHEMISTRY was performed as described in section 3
above, using the SATB2 antibody prepared as described in section 2 above.

Tissue annotation was essentially done as described in section 3

20  above, with the exception that staining intensity was considered either
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negative (no or faint immunoreactivity) or positive (moderate or strong
reactivity). The fraction of cells exhibiting positive staining intensity in the cell
nucleus was then calculated, vielding a value referred to as the “fraction
score” for the sample. Thus, the "fraction score” corresponds to the

5 percentage of cells in a sample that exhibits a positive staining intensity
according to the definition in this section.

Based on the survival trends for all different strata, a dichotomized
variable was constructed for further statistical analyses, defining a
high/positive SATB2 expression as > 25 % positive nuclei and a low/hegative

10 SATBZ expression as < 25 % positive nuclei. Samples were then classified in
two groups based on the fraction score, using 25 % fraction score as the
dividing criterion. Thus, no signal at all or a positive staining intensity in < 25
% of the cells in a tissue sample (core) classifies that sample in the group "<
25 %", whereas a positive staining intensity in > 25 % of the cells in a core

15 classifies that sample in the group “> 25 %".

The above classification of sampies was used for overall survival
analysis according to the Kaplan-Meler estimator, and the log-rank test was
used to compare survival in different strata. All statistical tests were two-
sided, and p-values of < 0.05 % were considered significant. All calculations

20  were made with the statistical package SPSS 12.0 (SPSS Inc. lllinois, USA).

b} Resuits
Tissue microarray based analysis of 122 colo-rectal carcinomas

showed that 89 tumors (81 %) were positive for SATB2. Surprisingly, low or

25  no expression of SATB2 was not possible to predict by routine sectioning and
histochemical staining, as seen in Figure 5. Both tumor samples (sections
shown in duplicate) were diagnosed as intermediately differentiated colo-
rectal adenocarcinoma. Figure 5A shows a section with strong SATB2
expression, and in Figui"e 5B, the sample lacks SATB2 expression.

30 The results of the survival analysis are shown in Figure 6, where the
diagrams show the cumulative survival in different groupings of patients over
time. Survival analysis based on the entire cohort revealed a trend (p = 0.14)
towards a shorter overall survival (OS) for patients having tumors with low
SATB2 expression (Figure 8A). The relationship between SATB2 expression

35 and the clinicopathological variables sex and Dukes’ stage was also
examined. Female patients {n = 83) having tumors with low SATB2
expression showed an increased trend (p = 0.11) for even shorter OS
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compared to the whole cohort (Figure 6B). Figure 6C shows that a similar
trend (p = 0.10) was observed in node-negative (Dukes’ stage A and B)
patients (n = 80). In the subgroup of node-negative women (n = 44), this trend
was significant (p = 0.04) (Figure 6D).

5 Another way to present the survival analysis data could be by using the
“staining score” described in section 3 above. Then, samples scored as 0 and
1 would be defined as low SATB2Z expression and samples scored as 2 and 3
would be defined as high SATB2 expression. A similar result as that seen in
Figure 6 is expected.

10

5) Quantitative image analysis of TMA data

In order to obfain a quantitative expression measurement, the Aperio
ScanScope CS Slide Scanner (Aperio Technologies, Vista, CA, USA) sysiem
is used to capture digital images of the hybridized TMA slides prepared as

15  described in section 4 above. Scanning is performed at 20 times
magnification and images are stored as multilayered TIFF:s. These digital
images are viewed using imageScope (Aperio) and deemed suitable for
analysis. The images are de-arrayed to visualize individual tissue cores using
TMA Lab (Aperio). iInitially, the Color Deconvolution algorithm {(Aperio} is used

20 to separaie each image into three channels, i.e. red, green and blue (RGB).
This enables each stain to be separately measured and thus makes it
possible to subtract the hematoxylin counterstain from the diaminobenzidine
chromogene staining.

Subsequently, a number of different algorithms are used to quantify

25 nuclear, cytoplasmic or membranous staining. The IHC Nuclear algorithm
(Aperio) is used to quantify nuclear staining of SATB2. Nuclei were identified
based on intensity. Edges of the nuclei are identified using an edge threshoid
method, which automatically adjusts the threshold according to the mean of
the edge pixels. A full description of all algorithms is available from Aperio

30 Technologies. A pseudo-color mark-up image of each core onthe TMA is
generated and evaluated to confirm the accuracy of each algorithm.

The output values from the Nuclear algorithm are a percentage of
positive nuclei and a nuclear RGB intensity value for each core on the TMA
slide. An autoscore (AS) is calculated for the level of SATB2 expression on

35 each tissue core, by multiplying the percentage positive nuclei by the nuclear
RGB intensity for each core. AS analysis is made on cancer TMA samples,
e.g. those described in section 4 above, and overall survival estimated
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according to Kaplan-Meier's method. The log-rank test is used to compare
survival in different strata. Statistical calculations are made with the statistical
package SPSS 12.0 (SPSS inc. lllincis, USA).

6} Clustering analysis
a) Material and methods

In order to investigate the concordance in protein expression between
known markers for colon cancer and SATB2, hierarchical clustering was
performed. Clustering is a suitable method for evaluating trends and
structures in data in initial mining steps. Groupings and categories that are
not obvious by just browsing the data set can easily be detected by using
unsupervised methods like hierarchical clustering. In life science, clustering
has been used quite extensively in RNA transcriptional analysis, such as
microarray data.

"~ The 6 cancer TMA:s described in section 3 were used again, i.e. in
total 216 cancer tissue samples. Besides the antibodies recognizing SATB2Z
prepared as per section 2 above, antibodies against the established markers
CEA (DAKO, Glostrup, Denmark), CK20 (DAKO, Glostrup, Denmark), CDX2
(Novocastra, Newcastle upon Tyne, UK), p53 (DAKO, Glostrup, Denmark),
Ki67 {(DAKO, Glostrup, Denmark) and Cyclin B1 (Transduction laboratories,
Lexington, USA) were tested using an automated
IMMUNOHISTOCHEMISTRY method analogous to that described in section
3.

Pathologists annotated the TMA:s as presented in section 3 and gave
a staining score to each core using a scale from 0-3, where 3-is a strong
(black) staining and 0 is no (white) staining. Clustering was performed using
the statistical computing language R. The clustering algorithm was used on
the two dimensions of the data matrix, tissues and antibodies. In total, 7
antibodies and 216 tissues were used in the clustering procedure. Eight
tissues were removed due to having no images that could quantify the
expression levels. The clustering was made using a top-down hierarchical
method with average agglomeration based on an Euclidian distance metric,
where the distances between clusters are recomputed at each stage by the
Lance-Williams dissimilarity update formula according to the average linkage.
The algorithm used in the clustering orders the sub-trees so that the tighter
cluster is displayed on the left hand side of each node.
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To further study difference and similarities between SATB2 and CK20,
IMMUNOHISTOCHEMISTRY analysis was made using the cancer TMA with
122 carcinoma cores described in section 4. TMA:s were stained with SATB2
antibody prepared as in section 2 and with CK20 antibody obtained from
5 DAKO (Glostrup, Denmark). The two TMA:s were compared after being
annotated according to the “fraction score” defined in section 4.

b) Results
The specificity of SATB2 as a marker for colo-rectal carcinoma as

10  compared to the established markers CEA, CK20, CDX2, p&3, Ki67 and
Cyclin B1 was examined in 216 different tumors. Hierarchical clustering of
data from expression profiles of these 7 different proteins resulted in the
heatmap and accompanying dendrograms shown in Figure 7. From the
heatmap and dendrogram of tumors, it is clear that a vast majority of colo-

15  rectal carcinomas form a cluster that is separated at the highest level based
on high expression levels of SATB2, CK20, CDX2 and CEA. Further, the
analysis shows that SATB2 clusters together with the CK20 and CDX2
cluster, all having a more specific expression than other tested markers that
showed a more general expression pattern. in the cluster of 8 colo-rectal

20 carcinomas, there was also one cervical adenocarcinoma and one case of
cholangiocellular liver carcinoma that were strongly positive for SATB2.
Qutside of this cluster, there were three colo-rectal carcinomas negative for
SATBZ. interestingly, the SATBZ expression pattern is not clearly correlated
to the expression of CK20, and could therefore function as a complement to

25 CK20 during characterization of colo-rectal cancer,

SATB2 and CK20 were analyzed in more detall on the 122 carcinoma
TMA described in section 4. CK20 alone confirmed 88 % (105/122) and
SATB2Z alone confirmed 81 % (89/122) of the 122 colo-rectal carcinomas with
a fraction score of > 25 % (Figure 8). Interestingly, by combining the data

30  from staining for both markers, 93 % (113/122) of the colo-rectal cancers
were clearly positive for one or both of the markers. Only § patients
completely lacked expression of either CK20 or SATB2. This information is of
interest when diagnosing a cancer and, more specifically, when trying fo
identify a metastasis, as a common clinical problem with cancer is patients

35 that present a metastasis of unknown origin. Thus, by combining the
information from both CK20 and SATB2, patients would more easily obtain an
accurate diagnosis for colo-rectal adenocarcinoma.
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Further, the SATB2 and CK20 expression in lymph node metastes
from 17 patients with colo-rectal cancer was analyzed. CK20 alone confirmed
the origin of 88 % (15/17) of the metastases with a staining score of 2 or 3,
SATB2 alone confirmed the origin of 82 % (14/17) of the metastases with a
fraction score of > 25 % (Figure 9). Combining the data from staining for both
markers, the origin of 94 % (16/17) of the metastases was confirmed. This
further supports that information regarding both SATB2 and CK20 expression
is desirable when determining if a metastasis originates from a colo-rectal
cancer.



(82) JP 2012-73260 A 2012.4.12

WO 2007/140%66 PCT/EP2007/004931

40
ITEMIZED LISTING OF EMBODIMENTS OF THE INVENTION

The following is a non-limiting and itemized listing of embodiments of
the invention, presented for the purpose of providing further information
5 regarding the various features and combinations provided by the invention in
certain of its aspects.

1. Method for the diagnosis of colo-rectal cancer, comprising a step of
detecting an SATB2 protein. '
10
2. Method according to item 1, wherein the amino acid sequence of the
SATB2Z protein comprises a sequence selected from:
) SEQ ID NO:1; and
i} a sequence which is at least 85 % identical to SEQ D NO:1.
15 '
3. Method according to any preceding item, wherein the amino acid
sequence of the SATB2 protein comprises a sequence selected from:
i} SEQ ID NO:2Z; and
i) a sequence which is at least 85 % identical o SEQ 1D NO:2.
20
4. Method according to any preceding item, comprising the steps of;
a) providing a sample from a patient suspected of having colo-rectal
cancer;
b} applying to the sample a detectable affinity ligand capable of
25  selective interaction with the SATBZ2 protein to be detected, said application
being performed under conditions that enabie binding of the affinity ligand to
any SATB2 protein present in the sample;
¢) removing non-bound affinity ligand; and
d) detecting any affinity ligand remaining in association with the
30 sample.

5. Method according to item 4, in which the sample is a body fluid
sample. ‘

35 6. Method according to item 5, in which the body fluid is selected from
the group consisting of blood, plasma, serum, cerebral fluid, urine, semen and
exudate.
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7. Method according to item 4, in which the sample is a stool sample.
8. Method according to item 4, in which the sample is a tissue sample.

9. Method according to item 4, in which the sample is a cytology
sample.

10. Method according to any one of items 4-9, wherein the detectable
10 affinity ligand is selected from the group consisting of antibodies, fragments
thereof and derivatives thereof.

11. Method according to any one of items 4-9, wherein the detectable
affinity ligand is a protein ligand derived from a scaffold selected from the
15  group consisting of staphylococcal protein A and domains thereof, lipocalins,
ankyrin repeat domains, cellulose binding domains, y crystallines, green
fluorescent protein, human cytotoxic T lymphocyte-associated antigen 4,
protease inhibitors, PDZ domains, peptide aptamers, staphylococcal
nuclease, tendamistats, fibronectin type i1l domain and zinc fingers.
20
12. Method according to any one of items 4-9, wherein the detectable
affinity ligand is an oligonucleotide molecule.

13. Method according to any one of items 4-12, wherein the detectable
25  affinity ligand comprises a label selected from the group consisting of
fluorescent dyes and metals, chromophoric dyes, chemiluminescent
compounds and bioluminescent proteins, enzymes, radioisotopes and
particles.

30 14. Method according to any one of items 4-12, in which said
detectable affinity ligand is detected using a secondary affinity ligand capable
of recognizing the detectable affinity ligand.

15. Method according to item 14, in which said secondary affinity
35 ligand capable of recognizing the detectable affinity ligand comprises a label
selected from the group consisting of fluorescent dyes and metals,
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chromophoric dyes, chemiluminescent compounds and bioluminescent
proteins, enzymes, radioisotopes and patticles.

16. Kit for carrying out the method according to any one of items 1-15,
which comprises

a) a detectable affinity ligand capable of selective interaction with an
SATB2 protein; and

b) reagents necessary for detecting the presence of the affinity ligand.

17. Kit according to item 16, in which the detectable affinity ligand is
selected from the group consisting of antibedies, fragments thereof and
derivatives thereof,

18. Kit according to item 16, in which the detectable affinity ligand is a
protein ligand derived from a scaffold selected from the group consisting of
staphylococeal protein A and domains thereof, lipocalins, ankyrin repeat
domains, cellulose binding domains, y crystailines, green fluorescent protein,
human cytotoxic T lymphocyte-associated antigen 4, protease inhibitors, PDZ
domains, peptide aptamers, staphylococcal nuclease, tendamistats,
fibronectin type il domain and zinc fingers. .

19. Kit according to item 16, wherein the detectable affinity ligand is an
cligonucleotide molecule.

20. Kit according to any one of items 18-18, in which the detectable
affinity ligand comprises a label selected from the group consisting of
fluorescent dyes and melals, chromophoric dyes, chemiluminescent
compounds and bioluminescent proteins, enzymes, radioisctopes and
particles.

21. Kit according to any one of items 16-19, in which said reagents
necessary for detecting the presence of the affinity ligand comprise a
secondary affinity ligand capable of recognizing the detectable affinity ligand.

22. Kit according to item 21, in which said secondary affinity ligand
capable of recognizing the detectable affinity ligand comprises a label
selected from the group consisting of fluorescent dyes or metals,
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chromophoric dyes, chemiluminescent compounds and bioluminescent
proteins, enzymes, radioisotopes and particles.

23. Use of an SATBZ2 protein as a diagnostic marker for colo-rectal
cancer.

24. Use of an SATB2 protein, or an antigenically active fragment
thereof, in the manufacture of a diagnostic agent for the diagnosis of colo-
rectal cancer.

25. Use according any one of items 23 and 24, wherein the amino acid
sequence of the SATBZ protein comprises a sequence selected from:

3 SEQ ID NO:1; and

ii) a sequence which is at least 85 % identical to SEQ ID NO:1.

26. Use according any one of items 23 and 24, wherein the amino acid
sequence of the SATB2 protein comprises a sequence selected from:

i) SEQ ID NO:2; and

i) a sequence which is at least 85 % identical to SEQ 1D NO:2.

27. Affinity ligand capable of selective interaction with an SATB2
protein, which is an antibody or a fragment or a derivative thereof.

28. Affinity ligand according to item 27, which is obtainable by a
process comprising a step of immunizing an animal with a protein whose
amino acid sequence comprises the sequence SEQ 1D NO:1.

29. Use of an affinity ligand according to any one of items 27-28 as a
diagnostic agent.

30. Use of an affinity ligand according to any one of items 27-28 in the
manufacture of a diagnostic agent for the diagnosis of colo-rectal cancer.
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CLAIMS

1. Method for determining whether a prognosis for colo-rectal cancer in
a mammalian subject having or suspected of having colo-rectal cancer is
poor, comprising the steps of:

a) providing a sample from the subject;

b) quantifying the amount of SATB2 protein present in said sample to
yield a sample value;

c) comparing the sample value obtained in step b) with a reference
value; and, if said sample value is lower than said reference value,

d) concluding that the prognosis for colo-rectal cancer in said subject is
poor.

2. Method according to claim 1, wheréin the poor prognosis in step d)
corresponds to a likelihood of five-year survival of 65 % or lower.

3. Method according to claim 2, wherein the poor prognosis in step d)
corresponds to a likelihood of five-year survival of 60 % or lower.

4. Method of treatment of colo-rectal cancer in a subject in need
thereof, comprising

a) providing a sample from the subject;

b} quantifying the amount of SATB2 protein present in said sample to
yield a sample value,

¢) comparing the sample value obtained in step b) with a reference
value; and, if said sample value is lower than said reference value,

d) treating said subject with a treatment regimen adapted to a poor
prognosis of colo-rectal cancer.

5. Method according to claim 4, in which said treatment regimen is
selected from chemotherapy, neo-adjuvant therapy and combinations thereof.

8. Method according to claim 5, in which said treatment regimen is
neo-adjuvant therapy.
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7. Method according to claim 8, in which said nec-adjuvant therapy is
selected from i) radiation therapy only and ii) radiation therapy in combination
with chemotherapy.

8. Method according to any preceding claim, wherein said colo-rectal
cancer is node-negative.

8. Method according to any preceding claim, wherein said colo-rectal
cancer is in Dukes’ stage A or B. '

10. Method according to any preceding claim, wherein said colo-rectal
cancer is colo-rectal adenoma.

11. Method according to any one of claims 1-9, wherein said colo-
rectal cancer is colo-rectal carcinoma.

12. Method according to any one of claims 1-7, wherein said colo-
rectal cancer is metastazing.

13. Method according to any one of claims 1-7 and 12, wherein said
colo-rectal cancer is in Dukes’ stage C.

14. Method according to any preceding claim, wherein said subject is a
human.

15. Method according to claim 14, wherein said subject is a woman.
16. Method according to any preceding claim, wherein said reference
value is a predetermined value corresponding to the amount of SATB2

expression in a reference sample.

17. Method according to any preceding claim, wherein said reference
value is a fraction score of 50 % SATB2 positive cells.

18. Method according to claim 17, wherein said reference value is a
fraction score of 25 % SATB2 positive cells.
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19. Method according to any one of claims 1-16, wherein said
reference value is an SATB2 expression autoscore value of 70.

20. Method according to claim 19, wherein said reference value is an
SATB2 expression autoscore value of 50.

21. Method according to any preceding claim, in which the sample is a
body fluid sample.

22. Method according to claim 21, in which the body fluid is selected
from the group consisting of blood, plasma, serum, cerebral fluid, urine,
semen and exudate.

23. Method according to any one of claims 1-20, in which the sample is
a stool sample.

24. Method according to any one of claims 1-20, in which the sample is
a tissue sample.

25. Method according to claim 24, in which the tissue sample is a colo-
rectal tissue sample.

26. Method according to any one of claims 1-20, in which the sample is
a cytology sample.

27. Method according to any preceding claim, wherein the amino acid
sequence of the SATB2 protein comprises a sequence selected from:

3] SEQ ID NO:1; and

i} a sequence which is at least 85 % identical to SEQ 1D NO:1.

28. Method according to any preceding claim, wherein the amino acid
sequence of the SATB2 protein comprises a sequence selected from:

i} SEQ 1D NO:2; and

it) a sequence which is at least 85 % identical to SEQ D NO:2.

29. Method according to any preceding claim, wherein step b)
comprises:
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b1) applying to the sample a quantifiable affinity ligand capable of
selective interaction with the SATB2 protein to be quantified, said appiication
being performed under conditions that enable binding of the affinity ligand to
any SATB2 protein present in the sample;
5 b2} removing non-bound affinity ligand; and
b3) quantifying any affinity ligand remaining in association with the
sample.

30. Method according to claim 28, wherein the quantifiable affinity
10 ligand is selected from the group consisting of antibodies, fragments thereof
and derivatives thereof.

31. Method according to claim 29, wherein the quantifiable affinity
ligand is a protein ligand derived from a scaffold selected from the group
15  consisting of staphylococcal protein A and domains thereof, lipocalins,
ankyrin repeat domains, cellulose binding domains, y crystallines, green
fluorescent protein, human cytotoxic T lymphocyte-associated antigen 4,
protease inhibitors, PDZ domains, peptide aptamers, staphylococcal
nuclease, tendamistats, fibronectin type Hll domain and zinc fingers.
20
32, Method according to claim 29, wherein the quantifiable affinity
ligand is an oligonucleotide molecule.

33. Method according to claim 29, wherein the quantifiable affinity
25 ligand comprises a label selected from the group consisting of fluorescent
dyes and metals, chromophoric dyes, chemiluminescent compounds and
bicluminescent proteins, enzymes, radioisotopes and particles.

34. Method according to any one of ¢claims 29-33, in which said
30 quantifiable affinity ligand is detected using a secondary affinity ligand
capabie of recognizing the quantifiable affinity ligand.

35, Method according to claim 34, in which said secondary affinity
ligand capable of recognizing the quantifiable affinity ligand comprises a label
35 selected from the group consisting of fluorescent dyes and metals,
chromophoric dyes, chemiluminescent compounds and biocluminescent
proteins, enzymes, radioisotopes and particles.
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36. Kit for carrying out the method according to any preceding claim,
which comprises

a) a quantifiable affinity ligand capabile of selective interaction with an
SATB2 protein; and _

b} reagents necessary for quantifying the amount of the affinity ligand.

37. Kit according to claim 36, in which the quantifiable affinity ligand is
selected from the group consisting of antibodies, fragments thereof and
derivatives thereof.

38. Kit according to claim 36, in which the quantifiable affinity ligand is
a protein ligand derived from a scaffold selected from the group consisting of
staphylococcal protein A and domains thereof, lipocalins, ankyrin repeat
domains, celiuiose binding domains, y crystallines, green flucrescent protein,
human cytotoxic T lymphocyte-associated antigen 4, protease inhibitors, PDZ h
domains, peptide aptamers, staphylococcal nuclease, tendamistats,
fibronectin type il domain and zinc fingers.

39. Kit according to claim 36, wherein the quantifiable affinity ligand is
an oligonucleotide molecule.

40. Kit according to any one of claims 36-39, in which the detectable
affinity ligand comprises a label selected from the group consisting of
fluorescent dyes and metals, chromophoric dyes, chemiluminescent
compounds and bioluminescent proteins, enzymes, radicisotopes and
particles. '

41. Kit according to any one of claims 36-38, in which said reagents
necessary for quantifying the amount of the affinity ligand comprise a
secondary affinity ligand capable of recognizing the quantifiable affinity ligand.

42. Kit according to claim 41, in which said secondary affinity ligand
capable of recognizing the quantifiable affinity ligand comprises a label
selected from the group consisting of fluorescent dyes or metals,
chromophoric dyes, chemiluminescent compounds and bioluminescent
proteins, enzymes, radioisotopes and particles.
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43. Kit according to any one of claims 36-42, further comprising a
reference sample for provision of the reference value.

44. Use of an SATB2 protein as a prognostic marker,

45. Use of an SATB2Z protein as a prognostic marker for coio-rectal
cancer.

46. Use of an SATB2 protein, or an antigenically active fragment
thereof, in the manufacture of a prognostic agent for the prognosis of colo-
rectal cancer.

47. Use according any one of claims 44-46, wherein the amino acid
sequence of the SATB2 protein comprises a sequence selected from:

) SEQ ID NO:1; and

ii) a sequence which is at least 85 % identical to SEQ 1D NO:1.

48. Use according any one of claims 44-46, wherein the amino acid
sequence of the SATB2 protein comprises a sequence selected from:

i) SEQ ID NO:2; and

i) a sequence which is at least 85 % identical to SEQ 1D NO:2.

49. Affinity ligand capable of selective interaction with an SATB2
protein, which is an antibody or a fragment or a derivative thereof.

50. Affinity ligand according to claim 49, which is obtainable by a
process comprising a step of immunizing an animal with a protein whose
amino acid sequence comprises the sequence SEQ 1D NO:1.

51. Use of an affinity ligand according to any one of claims 49 and 50
as a prognostic agent.

52. Use of an affinity ligand according to any one of claims 49 and 50
for the prognosis of colo-rectal cancer.
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53. Use of a an affinity ligand according to any one of claims 49 and 50
in the manufacture of a prognostic agent for the prognosis of colo-rectal
cancer.

(57) Absiract: The invention provides new methods, means and vses in connection with detection, characterization and prognosis
of colo-rectal cancer, via the identification of the SATB2 protein as a marker for this cancer type.
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