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(57) Abstract: A diagnostic assay for cancer such as lung cancer is disclosed. The assay can also be used to follow patients during
treatment and for assessment of disease relapse after treatment. The assay utilizes biomarkers for tumor formation identified in a
transgenic mouse model. The assay is used to identify a therapeutic indication for a patient based on the patient's biomarker expres -
sion. The biomarker and fragments thereof are also useful for treating cancer, for example lung or colon cancer.
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CANCER DIAGNOSIS AND TREATMENT
CROSS-REFERENCE TO RELATED APLICATIONS

This application claims the benefit of US 61/445,972 filed February 23, 2011, which is

incorporated herein by reference in its entirety.
TECHNICAL FIELD

This invention relates to methods for the diagnosis of cancer using biological markers and

to treatment of cancer.
BACKGROUND

Lung cancer has been the most common cancer for several decades and causes the largest
number of cancer deaths in the world. In 2008, there were an estimated 1.61 million new
cases in the world (12.7% of the total) and 1.38 million deaths (18.2% of the total) caused
by cancer of the lung. This exceeds the death rates of breast, prostate and colorectal cancer
combined. Lung cancer affects smokers, former smokers and non-smokers, the latter group
comprising approximately 15% of cases. The basis for tumor progression and aggressive
biological behavior of this disease remains poorly understood. Compounding the problem is
the paucity of available animal models, making it difficult to determine the biological and

molecular origins of the disease and optimal treatment strategies.

As with other cancers, the survival rate for lung cancer is much higher if it is detected early.
When the disease is detected in an early, localized stage and can be removed surgically, the
five-year survival rate can reach 85%. But once the cancer has spread to other organs,
especially to distant sites, as few as 2% of patients survive five years. Unfortunately, lung
cancer is usually asymptomatic until it has reached an advanced stage. Thus, only 5% of
lung cancers are found at an eatly, localized stage. There is, therefore, a compelling need
for tools that aid in the screening of asymptomatic persons leading to detection of lung

cancer in its earliest, most treatable stages.
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Potential screening tools to detect early stage lung cancer are chest X-ray and computed
tomography (CT) scanning. However, the high cost and high rate of false positives render
these radiographic tools impractical for routine widespread use. For example, a recent study
of the U.S. National Cancer Institute concluded that screening for lung cancer with chest X-
rays can detect early lung cancer but produces many false-positive test results, causing
needless follow-up testing, Oken et al., Journal of the National Cancer Institute,
97(24)1832-1839, 2005. A similar problem with false positives is encountered with
ongoing trials involving CT scans. Specificity of CT screening is calculated at around 65%
based on the number of indeterminate radiographic findings. The large number of
indeterminate pulmonary nodules found on prevalence CT scanning require further
investigation by invasive procedures and many of the pulmonary nodules identified by CT
scanning are benign, which raises serious concerns about the large porticn of incurred

heaith care costs per life saved.

PET scans are another diagnostic option, but PET scans are costly and generally not

amenable for use in screcning programs.

Currently, age and smoking history are the only two risk factors that have been used as
selection criteria by the large screening studies. A blood test that could detect
radiographicaily apparent cancers (>0.5 cm) as well as occult and pre-malignant cancer
(below the limit of radiographic detection) would identify individuals for whom radiologic
screening is most warranted and de facto would reduce the number of benign puimonary

findings that require further workup.

1t is clear, therefore, that there is an urgent need for improved lung cancer screening and
better detection tools that overcome the aforementioned limitations of radiographic

techniques.

In addition to a diagnostic screen for lung cancer, it would be of great value if the detection
tools could provide an indication of the optimal therapeutic treatments. For cancers such as

breast and colon cancer, targeted therapies for patients with mutations in epidermal growth
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factor receptor (EGFR) or GTPase KRas (KRAS) have shown success in clinical trials.
This approach of targeted or “personalized medicine™ can improve patient response and

also save health care costs because treatments can be tailored specifically to a patient.

A few methods for diagnosis of cancer using biological markers and the use of biological
markers for therapeutic indication have been described. However, none of these are useful
for cost-effective, minimally invasive, highly predictive analytical means that aid in the
screening of asymptomatic persons leading to detection of lung cancer in its earliest, most
treatable stages. Technical problems associated with identifying markers of cancer have
been unsatisfactorily addressed in the prior art by using human serum samples in
prospective studies. In the prospective studies, patients at high risk of developing lung
cancer were screened by CT scan, samples were taken to be banked for testing, and the
patients were followed for several years to determine which patients develop lung cancer.
When it is known which patients develop lung cancer, the banked samples from those
patients can be tested for marked differences in DNA or protein biomarkers. The major
problem with using the results of these prior art studies for detecting cancer in patients
suspected of having cancer or for screening patients at risk is that this approach identifies
biomarkers for mid to late stage lung cancer while what is needed are biomarkers that
provide early detection of lung cancer using minimally invasive, and cost effective
methods, and that have the potential as biomarkers to be targeted therapeutically and to be
used as prognostic indicators and indicators of a patient’s response to therapy.

SUMMARY OF INVENTION

One technical problem that was overcome in order to aid in the development of the
invention described herein is that biomarkers for lung cancer are difficult to identify in
human paticnts because of the variability in gene and protein expression that is unrelated to
the presence of lung cancer. Therefore a suitable lung cancer animal model could provide

reproducible and predictable disease development and suitable negative controls.
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Another technical problem that was overcome in order to aid in the development of the
invention, was to identify specific biomarkers that are quantitatively different in patients
with cancer than in patients without cancer. Such biomarkers are very useful in the clinical
setting in providing a yes/no answer to a physician rather than requiring statistical analysis
of test results, which are not amenable to a simple clinical diagnostic test. Furthermore, in
the present invention a threshold expression level can be identified for each biomarker such
that assay results indicating a patient’s expression level above or below (depending on the
chosen biomarker(s)) of the protein can provide a yes or no determination regarding the
need for additional screening such as a CT scan. This is an advantage over other methods,
which use complex statistical analyses of expression patterns of many proteins/mRNA to

compute the likelihood that a patient has cancer.

Another technical probiem that was overcome in order to aid in the development of the
invention, was to identify biomarkers with known function that can be targeted in cancer
treatment; a cancer treatment that can be tested in the animal model. A further technical
problem was to determine whether an oncogene in one tissue is necessarily an oncogene in

a different tissue.

The applicant has discovered that these technical problems are solved by way of methods
that include identifying cancer biomarkers using a lung cancer mouse model, using the
biomarkers to identify patients that are likely to have lung cancer, and using a biomarker as
a therapeutic indicator to predict the treatment to which the patient is likely to respond .
The biomarkers or derivatives of the biomarkers according to the invention described
herein may be used as a treatment for cancer. It has also been discovered that valuable and
unexpected results may be achieved when the biomarkers are used as anti-cancer agents for

turnors of tissue origin other than lung tissue.

In one aspect, the invention is directed to the use of a transgenic mouse model for lung

cancer (Grgl mice}) to identify biomarkers of cancer and therapies useful for treating

cancer. In one embediment of this aspect of the invention, Grgl mice may be used to
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identify biomarkers that can be quantitatively measured in patient blood samples and detect

differences between lung cancer patients and normal control samples.

In another aspect, the invention is directed to assays, methods, and kits for the early
detection of lung cancer using tissue or body fluid samples of the patient in which the
presence or absence of cancer is to be determined. In one embodiment , the invention
relates to detection of lung cancer by evaluating the presence of one or more biomarker,
which can be presented as a panel of biomarkers. In one embodiment, the present invention
may be employed in a lung cancer screening strategy especially when used in concert with
radiographic imaging and other screening medalities of a population of patients, such as
patients at risk for cancer. The present invention can be used to enrich the population most
likely to have cancer for further radiographic analysis of these patients to rule out the
presence of lung cancer. In short, in this aspect, the invention is directed to a method of

detecting the presence of lung cancer in a patient.

In one embodiment, a blood sample from the patient is analyzed for the presence of one or
a panel of protein biomarkers associated with lung cancer according to the invention. In a
particular embodiment, the invention is directed to a screening test using the biomarkers
described below for asymptomatic patients, or patients of a high-risk group which have not
yet been diagnosed with lung cancer using acceptable tests and protocols, that is, for
example, these patients lack radiographically detectable lung cancer. The method of the
invention described herein is relatively inexpensive, minimally invasive with high
specificity for cancer and provides an alternative to the high cost and low specificity of

current lung cancer screening methods, such as chest X-ray or Low Dose CT.

In another aspect, the invention is directed to determining therapeutic interventions, by
using the status of one or more biomarkers described below to predict the patient response
to onc or more drug treatments. In another embaodiment of the invention, the biomarkers or

analogs, homologs or fragments of the biomarkers may be used to treat cancers.
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Thus, according to this aspect of the present invention, a method is provided for the
identification of one or more lung tumor protein biomarkers in a biological sample. Such
biological samples include body fluids or tissues such as but not limited to blood, serum or
plasma or cells (such as those obtained from biopsy). The method comprises the steps of
measuring the identified lung tumor protein biomarker expression using, for example,
Western blots, proteomic analysis, Northern blots, RT-PCR, immunoassays as described
below and identified in the Grgl mouse model, between lung tumor tissue of individuals
identified as not having lung cancer; and measurement of the same lung tumor protein
biomarkers in biological samples, such as human blood samples from suspected lung
cancer patients, thereby identifying protein biomarkers that are measurably different in lung
cancer patients compared to patients that do not have lung cancer (normal or negative
controls).

In another aspect of the invention, the invention is directed to a kit containing one or more
biomarkers for the detection of cancer, for example, but not limited to, lung cancer. Inone
embodiment of the invention, the one or more biomarkers pertain to a Groucho-related
protein, such as but not limited toTLEL. The kit can include antibodies affixed to a solid
support for measuring expression levels of biomarkers, including, but not limited to,
Grouch-related protein or proteins in a patient’s body fluid such as blood, serum or plasma.
The solid support, such as an antibody array, can further include a reference, control or
baseline amount of the same one or more biomarkers from samples that are not indicative

of cancer for use in detcrmining the likelihood of the presence of cancer in the patient

sample.

In various embodiments, the biomarker comprises one or more of a Groucho-related
protein, Mdm?2, Ras, ErbB1, ErbB2 or CyclinD1/D2. To determine the likelihood of
cancer in a patient, in another embodiment of the method of the invention, the method
comprises determining a quantitative measure of the amount of one or more of Mdin2, Ras,
ErbB1, ErbB2 or CyclinD1/D2 and/or a Groucho-related protein such as but not limited to
TLE. In another aspect, the invention is directed to a method for indicating the use of a
histone-deacetylase inhibitor (HDAC inhibitor) as a methed of treatment in a cancer
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patient. In one embodiment of this method, a blood sample is taken from the cancer patient
and the expression of a Groucho-related protein in the cancer patient is measured and
compared to reference values of the expression of this protein from patients that do not
have cancer. From this data, the usefulness of treating the patient with a histone-deacetylase
inhtbitor is determined. In yet another aspect, the invention is directed to a method for
evaluating drugs for cancer treatment by applying one or more candidate chemotherapeutic
drugs to the Grgl lung cancer mouse model and quantitatively comparing the size, number,

and histological appearance of lung tumors in treated and untreated Grg1 mice.

In still another aspect, the invention is directed to 2 method for treating cancers. In one
embodiment, thc method uses derivatives such as analogs, homologs or fragments of the
protein biomarkers. For example, in one embodiment, the Q-domain of the Groucho-related
proteins can be used to treat lung cancer. In another embodiment, a Groucho-related protein

or analogs, homologs or fragments thereof can be used to treat colon cancer.

In another aspect of the invention, the invention is directed to a method for diagnosing lung
cancer in a mammal by providing a biological sample from the mammal; providing a panel
comprising one or more macromolecules, wherein each macromolecule is a biomarker or
specifically binds to a biomarker that is measurable at a quantitatively different level in
Grgl-expressing transgenic mice than in non-transgenic mice; contacting the mammalian
biological sample to the panel to determine the level of expression of the biomarker;
comparing the levels of the biomarker expressed in the mammalian sample to the levels of
the biomarker in a reference sample; wherein the presence of a quantitatively different level
of expression of the biomarker in the mammalian biological sample compared to the

reference sample is indicative of cancer.

In various embodiments, the reference sample is a biological sample from a healthy
mammal not diagnosed with cancer and not having increased risk factors for cancer; or a
purified biomarker provided at a concentration level corresponding to the level measured in
a biological sample from a healthy mammal not diagnosed with cancer and not having

increased risk factors for cancer.
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In various embodiments, the macromolecule is antibodies, nucleic acids, proteins or
fragments thereof.

In various embodiments, the biomarker is proteins, mRNA or antibodies.

In various embodiments, the biomarker 1s a protein that is a Groucho-related protein,
Mdm?2, Ras, ErbB1, EtbB2 and CyclinD1/D2; or an mRNA encoding a one such protein; or
an autoantibody which specifically binds to one such protein. In a preferred embodiment,
at least one of the biomarkers comprises a Groucho-related protein. The biomarker proteins

are characterized as proteins that are normally non-secretory proteins.

In various embodiments, the panel includes one or more antibody, wherein the antibody
specifically binds to a biomarker protein that is measurable at a quantitatively different
level in Grgl!-expressing transgenic mice than in non-transgenic mice; or the panel includes
one or more cDNA molecules, wherein the cDNA molecules specifically bind to a
biomarker mRNA or its complementary sequence, wherein the bitomarker mRNA or its
complementary sequence is measurable at a quantitatively different level in Grgl-
expressing transgenic mice than in non-transgenic mice; or the panel includes one or more
protein that is a biomarker that is measurable at a quantitatively different level in Grgl-

expressing transgenic mice than in non-transgenic mice.

In some embodiments, the method further includes isolating mRNA from the mammalian

biological sample and the reference sample and quantitatively amplifying the mRNA and
producing cDNA.

In various embodiments, the mammalian biological sample is a fluid sample. The flnid
sample can be blood, plasma or serum. In various other embodiments, the mammalian

biological sample and the reference sample are detectably labeled.

In another aspect of the invention, the invention is directed to a method for identifying a
candidate patient responsive to inhibitor chemotherapy by providing a biological sample
from the candidate patient; detecting the presence of expression of a TLE biomarker in the
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patient biological sample; comparing the level of expression of TLE biomarker in the
patient biological sample to the levels of the TLE biomarker in a reference sample; and
identifying the candidate patient as a responsive candidate for HDAC inhibitor
chemotherapy when the TLE biomarker expression in the candidate patient biological
sample is elevated above the level of TLE biomarker in the reference sample. In one
embodiment, the cancer patient has lung cancer. In various embodiments, the expression of
TLE biomarker is determined by measuring TLE protein level or mRNA level. The TLE

biomarker proteins are characterized as proteins that are normally non-secretory proteins.

In various embodiments, the reference sample is a biological sample from a healthy
mammal not diagnosed with cancer and not having increased risk factors for cancer; a
purified biomarker provided at a concentration level corresponding to the level measured in
a biological sample from a healthy mammal not diagnosed with cancer and not having
increased risk factors for cancer; a biclogical sample from a known non-responsive patient;
or a purified biomarker provided at a concentration level corresponding to the level

measured in a biological sample from a known non-responsive patient.

In various embodiments, the patient biological sample is a fluid sample or a tissue sample.

The fluid sample can be blood, plasma or serum. The tissue sample can be lung tissue.

In another aspect of the invention, the invention is directed to a method for monitoring
effectiveness of a cancer paticnt treatment protocol by providing a biological sample from
the patient before undergoing the treatment protocol; detecting the presence of expression
of a TLE biomarker in the pre-treatment patient sample; comparing the level of expression
of TLE biomarker in the pre-treatment patient sample to the level of expression of TLE
biomarker in a biological sample from the patient during or after the treatment, or to the
levels of the TLE biomarker in a reference sample, wherein a change in the level of
expression of TLE biomarker in the pre-treatment patient sample compared to the post-
treatment patient sample, or to a difference in the level of TLE expression of the post-
treatment patient sample compared to the level of TLE biomarker in the reference sample is

indicative of the effectiveness of the treatment. In one embodiment, a decreased level of
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TLE in said post-treatment patient sample is indicative of effective treatment. In various
embodiments, the expression of TLE biomarker is determined by measuring TLE protein
level or mRNA level.

In various embodiments, the reference sample is a biological sample from a healthy
mammal not diagnosed with cancer and not having increased risk factors for cancer; or a
purified biomarker provided at a concentration level corresponding to the level measured in
a biological sample from a healthy mammal not diagnosed with cancer and not having

increased risk factors for cancer.

In one embodiment, the treatment includes administering a therapeutically effective amount

of a HDAC mbhibitor. In one embodiment, the cancer patient has lung cancer.

In various embodiments, the sample is a fluid sample or a tissue sample. The fluid sample

can be blood, plasma or serum. The tissue sample can be lung tissue.

In yet another aspect of the invention, the invention is directed to a method for monitoring
effectiveness of a cancer patient treatment protocol by providing a post-treatment biological
sample from said patient; detecting the presence of expression of a TLE biomarker in said
patient sample; comparing the level of expression of TLE biomarker in said post-treatment
patient sample to the level of expression of TLE biomarker in a reference sample, wherein a
difference in the level of TLE expression of said post-treatment patient sample compared to
said level of TLE expression in said reference sample is indicative of the effectiveness of
said treatment. In one embodiment, a decreased level of TLE in said post-treatment patient
sample is indicative of effective treatment. The TLE biomarker proteins are characterized

as proteins that are normally non-secretory proteins.

In one embodiment the reference sample is obtained from a post-treatment cancer patient
non-responsive to therapy. In various other embodiments, the reference sample is a
biological sample from a healthy mammal not diagnosed with cancer and not having

increased risk factors for cancer; or a purified biomarker provided at a concentration level
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corresponding to the level measured in a biological sample from a healthy mammal not

diagnosed with cancer and not having increased risk factors for cancer.

In another aspect of the invention, the invention is directed to a method for identifying a
cancer patient treatment candidate by providing a biological sample from the patient;
detecting the presence of a higher level of TLE biomarker in the patient biological sample
compared to the levels of the TLE biomarker in a reference sample; and identifying the
cancer patient as a candidate for treating the cancer with the administration of a
therapeutically effective amount of a fragment of a Groucho-related protein. In one
embodiment, the cancer patient has hung cancer. The TLE biomarker proteins are
characterized as proteins that are normally non-secretory proteins. In one embodiment, the

fragment comprises a Q domain.

In various embodiments, the reference sample is a biological sample from a healthy
mammal not diagnosed with cancer and not having increased risk factors for cancer; a
purified biomarker provided at a concentration level corresponding to the level measured in
a biological sample from a healthy mammal not diagnosed with cancer and not having
increased risk factors for cancer; a biological sample from a known non-responsive patient;
or a purified biomarker provided at a concentration level corresponding the level measured

in a biological sample from a known non-responsive patient.

In another aspect of the invention, the invention is directed to a method for identifying a
cancer patient reatment candidate by providing a biological sample from the patient;
detecting the presence of an inactivating APC or a beta-catenin mutation in the patient
biological sample; and identifying the cancer patient having the inactivating APC or the
beta-catenin mutation as a candidate for treating the cancer with administration of a
therapeutically effective amount of a Groucho-related protein or a fragment of a Groucho-
related protein to the cancer patient. In one embodiment, the cancer patient has colon

cancer. In one embodiment, the fragment comprises at least 2 WD40 domain.
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In another aspect of the invention, the invention is directed to a method for treating cancer
in 2 mammal by administering a therapeutically effective amount of a Groucho-related
protein or a fragment of a Groucho-related protein to the mammal. In one embodiment, the
cancer is lung cancer. In one embodiment, the fragment comprises a Q domain. In yet
another embodiment, the cancer is colon cancer. In one embodiment, the fragment

comprises at least a WD40 domain.

In another aspect of the invention, the invention is directed to a method for treating cancer
ir a mammal by administering a therapeutically effective amount of a beta-catenin to the

cancer. In one embodiment, the cancer is lung cancer.

In another aspect of the invention, the invention is directed to a transgenic mouse whose
genome comprises a heterozygous, null allele of the gene encoding APC protein, wherein
the Apc gene is truncated at lcast at codon 1638, and a hemizygous transgene allele of a

Groucho-related gene, and wherein the mouse exhibits formation of tumors.

In another aspect of the invention, the invention is directed to a method of screening a
compound for anti-tumor activity, the method comprising the steps of: preparing a
transgenic mouse whose genome comprises a heterozygous, null alleie of the gene
encoding APC protein, wherein the Ape gene is truncated at least at codon 1638, and a
hemizygous transgene allele of a Groucho-related gene, and wherein the mouse exhibits
formation of tumors; treating the prepared transgenic mouse with a candidate compound;
determining a level of the tumor in the transgenic mouse treated with the candidate
compound by measuring the number of tumor cells, volume of the tumor, or tumor cell
viability; and identifying the candidate compound as a compound having anti-mor
activity if the number of the tumor cells or the volume of the tumor has been decreased
relative to the number of tumor cells or volume of the tumor in the transgenic mouse prior
to the treatment with the candidate compound, or if apoptosis of the tumor cells has been
induced after the treatment with the candidate compound.
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In another aspect of the invention, the invention is directed to & diagnostic kit comprising
one or more biomarker that is at a quantitatively different level in Grgl-expressing

transgenic mice than in non-transgenic mice.

In one embodiment the one or more biomarker of the kit is a Groucho-related protein,
Mdm2, Ras, ErbB1, ErbB2 or CyclinD1/D2. In a preferred embodiment, at least one
biomarker comprises a Groucho-related protein. In one embodiment, the kit includes the
one or more biomarker provided as a panel of biomarkers bound to a solid support. The

biomarker proteins are characterized as proteins that are normally non-secretory proteins.

In another aspect of the invention, the invention is directed to a method for identifying
warkers for non-small cell lung cancer by providing a biological sample from a Grg1-
expressing transgenic mouse and a biological samplc from a non-Grgl-expressing mouse;
measuring the expression of biomarkers in the Grgl-expressing transgenic mouse and the
non-Grgl expressing mouse; and identifying biomarkers that are expressed at a different
Ievel in the samples. The biomarker proteins are characterized as proteins that are normally

non-secretory proteins.

In one embodiment, the biomarker is proteins or mRNA. In various embodiments, the
samples are a fluid sample or a tissue sample. The fluid sample can be blood, serum or

plasma. The tissue sample can be lung tissue.

In one embodiment, the method further includes contacting the biological samples with a
binding partner prior to the measuring step. The binding partner can be an antibody, a
nucleic acid, a ligand, or an aptamer. In various embodiments, the step of identifying
comprises detecting binding 1o a binding partner. Accordingly, the biological samples can
be detectably labeled. In other embodiments, the step of detecting includes contacting the
marker-binding partner complex with a second binding partner. In such embodiments, the
second binding partner can be detectably labeled. Some embodiments include liquid
chromatography analysis and tandem mass spectrometry analysis.
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1n one embodiment, the level of biomarker expression is increased in the Grgl-expressing
transgenic mouse as compared to the level of biomarker expression in the non-Grgl-
expressing mouse. In another embodiment, the level of biomarker expression is decreased
in the Grgl-expressing transgenic mouse as compared to the level of biomarker expression

in the non-Grgl-expressing mouse.

In some embodiments, the method further includes contacting the samples with DNA prior
to the step of comparing the mRNA levels. In yet other embodiments, the method further
includes isolating mRNA from the samples and quantitatively amplifying the mRNA and
producing cDNA.

These and other features, aspects, and advantages of the present invention will become

better understood with regard to the following description and appended claims.
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings

Figure 1 is a diagrammatic representation of a summary of changes in protein expression
for the Grg] and Grg$5 transgenic mice;

Figure 2 is a table of antibody dilutions used for the antibody microarray;
Figure 3 is a table depicting an Antibody array map;
Figure 4 is a table showing the detection and spot analysis for the antibody microarray;

Figure 5 is an example image for the antibody microarray (Negative Image, Array
incubated with 145145A5);

Figure 6 is tables showing sample repartition during slide incubation (14 arrays / slide);

Figure 7 is a table of the mean values, SD and CV of labeled BSA positive controls for

each array or sample;

Figure 8 is a table of the mean values (net signal, background signal removed), SD and CV
of controls: Anti-Albumin and anti-H1 antibodies with each sample;
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Figure 9 is a table of the mean values, SD and CV of negative controls (PBS) and
background (B635) for each sample;

Figure 10 is a table of mean net signal for the serums and for the incubation controls;
Figure 11 is a table showing an example of highlighted values;

Figure 12 is the table of results obtained for the 10 antibodies;

Figure 13 is the Box plots of MDM2 antibody (p=0.03, Mann & Whitney);

Figure 14 is the Box plots of TLE1 antibody {p=0.03, Mann & Whitney);

Figure 5 is a table showing the tumor development in the Grg1 transgenic mice after
treatment with TrichostatinA;

Figure 16 is photographs of sections of tumors from the GrglhPLAP transgenic mice,
without and with TrichostatinA treatment;

Figure 17 is a table showing the quantitation of Intestinal Polyps and Lung Adenomas in
APC™/Grg1hPLAP mice; and

Figures 18 A and B are schematics showing the structural and sequence conservation of the
vertebrate groucho-related proteins.

DETAILED DESCRIPTION

It is difficult to identify biomarkers using human samples because of the heterogeneity of
the samples. Many differences occur among human samples that are not related to a
disease. To overcome this difficulty, an animal model that provides predictable disease
progression and the availability of suitable negative controls was used in developing the

invention disclosed herein.

The Grg1 transgenic mouse line was used to identify biological protein markers for lung
cancer. The Grgl mouse develops lung tumors that resemble human non-small cell lung
adenocarcinoma. The Grgl mice were used as a source of tissue to provide samples for

measurement of gene and protein differences during lung tumor development. The
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production of the Grgl transgenic mouse is described in Allen, T. ef af. “Grgl Actsas a
Lung-Specific Oncogene in a Transgenic Mouse Model”, Cancer Res, 66:3, 1294-
1301(2006) (incorporated herein by reference). In the present invention, the Grgl
transgenic mice were used to identify biological protein markers for lung cancer. The
identified biological protein markers relevant for identifying patients with lung cancer were
proteins measurable in serum from human cancer patients that were quantitatively or
qualitatively different from proteins identified in human control patients that did not have
cancer when analyzed by conventional means of diagnosing cancer in humans. The present
invention provides an assay and method for detecting lung cancer. In short, a sample, such
as a blood sample, from the patient or subject suspected of having cancer or in need of
ruling out cancer as a diagnosis is obtained and is analyzed for the presence or absence of
biomarkers for lung cancer. One biomarker or a panel of biomarkers is used, each
biomarker associated to some degree with lung cancer. The biomarkers according to the
invention include but are not limited to Groucho-related proteins, called transducin-like
enhancer-of-split (TLE) in humans, auto-antibodies to Groucho-related proteins, or nucleic
acids encoding Groucho-related proteins., The biomarkers according to the invention
further include, but are not limited to Mdm?2 proteins, auto-antibodies to Mdm?2 proteins, or

nucleic acids encoding Mdm?2 proteins.

Groucho proteins are transcriptional co-repressors that interact with a number of
transcription factors and histone deacetylase-1 (HDAC-1) to repress transcription of target
genes. The Groucho family of proteins is encoded by GrgZ-5 in mouse and 7LEZ-5 in man.
The majority of Groucho proteins possess all the domains of the prototype Drosophila
Groucho protein, but Grg5/TLES and an alternatively spliced variant of Grg3 encode a
Groucho isoform with only the amino-terminal Q and G/P domains. The Q domain is used
for oligomerization of Groucho proteins. Therefore, the short Groucho proteins may inhibit

activity of the long proteins by forming non-functional complexes.

Figure 18A shows the structural organization of the Drosophila Groucho protein at the top and
the related vertebrate proteins, with all of the Groucho domains conserved or containing only
the Q and B/P domain,s are shown underneath. Nomenclature of the Groucho homologues is
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indicated in the left columns. The numbers indicate percent amino acid identity with the
Droxophiia Groucho protein (left of slash) or the human TLE protein (right of slash).

Figure 18B shows an alignment of the Q and WD40 domains of the murine Groucho
homologues. Dashes indicate amino acid identity. Percentages at the right indicate homology
to Grg3. For Grg3, the conservation to human TLE3 is given in parentheses.

Table 1 identifies the Q domain and WD40 domain by amino acid numbers for each of the TLE

proteins. The amino acid and polynucieotide sequences of Grgl-5 and TLE1-5 are provided in
Appendix A.

PCT/CA2012/000161

Table 1

Protein Q domain WD40 domain
TLE1 1-135 483-726
TLE2 1-132 456-740
TLE3 1-124 473-764
TLE4 8-140 477-720
TLES 76-190 n/a

The human homologue of Mdm2 (murine double minute 2 (mdm2) gene) encodes an E3
ubiquitin-protein ligase, which is a negative regulator of the p53 tumor suppressor.
Overexpression of this gene can result in excessive inactivation of tumor protein p53,

diminishing its tumor suppressor function. The amino acid and polynucleotide sequences of
human MDM?2 are provided in Appendix A.

The biomarkers of the invention, Groucho-related proteins {(Grg family of proteins in mice;
TLE family of proteins in humans), Mdm?2, Ras, ErbB1, ErbB2 and CyclinD1/D2 are proteins
residing and functioning in the cell. Thus, the protein biomarkers of the current invention are
normally non-secretory proteins. One would expect that an assay capable of detecting
biomarkers in fluid biological samples, such as blood, serum or plasma would be limited to the
detection of secretory proteins. Therefore, it is surprising and unexpected that an aspect of the
invention is a diagnostic assay and kits for detecting measurable levels of the biomarkers of the

invention in fluid biological samples, such as blood, plasma or serum.
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In all aspects and embodiments of the present invention, the biomarkers of the mvention
can be presented as a panel, where a pancl refers to the particular biomarker or group of
biomarkers that are selected or provided in an assay or method of the invention; or the

particular biomarker or group of biomarkers that are provided in a kit of the invention.

In all aspects and embodiments of the present invention, the biomarkers are provided as
macromolecules. The macromolecules can be proteins, nucleic acids, antibodies or
fragments thereof. When the macromolecule is a protein, fragments can include, but are
not limited to, antigenic fragments, N-terminal domains of various lengths, C-terminal
domains of various lengths, named domains as identified in the art (such as the Q domain
or WD40 domain of Groucho-related proteins). When the macromolecule is a aucleic acid,
the nucleic acid can include, but are not limited to, mnRNA, ¢DNA, genomic DNA and
fragments thereof. Fragments of nucleic acids can include, but are not limited to, coding
sequences and sequences corresponding to the various protein fragments listed above.
When the macromolecule is an antibody, the antibodies can include, but are not limited to,
polyclonal antibodies, monoclonat antibodies, recombinant antibodies, humanized
antibodics and fragments thereof. Fragments of antibodies can include any antigen binding
fragment such as, but not limited to, F(ab) fragments and F(ab’), frapments.

As set forth in more detail below, the assay and method according to the present invention
could identify patients known to have Stage I or Stage II lung cancer. Identification of
patients with early stage hung cancer is particularly valuable as current assays and screening
modalities have little ability to do so in a robust and cost effective fashion. The assay is also
versatile, by using an assay format that enables testing a large number of samples
simultaneously, such as using a microarray, control samples relative to any population can
be run in parallel to obtain discriminating data of high confidence, wherein the plurality of

controls are matched for as many parameters as possible to the test population.
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The present invention also provides a method for determining the treatment therapy that
may be effective, based on the biomarker that is changed. Treatment can be selected that is
targeted to the biomarker or other proteins that interact with the biomarker.

The present invention also provides for treatment of other cancers such as but not limited to
colon cancer in which APC pathway proteins are changed. Treatment may be effected by
introducing Groucho-related proteins or homologs or fragments of Groucho-related

proteins into a cancer patient in a therapeutically effective amount.
BIOMARKER SELECTION

The selection and identification of lung cancer associated markers, such as protein
biomarkers or autoantibodies to the proteins, were done using the Grgl transgenic mice.
Tissue samples from the Grgl mice were collected and analyzed by methods including,
differential RNA arrays, Western blot or proteomic methods such as LC-MS/MS. Levels of
protein or gene expression in Grgl mice were compared to non-tumor bearing control mice.
Proteins or genes that were expressed at a different level in the Grgl mice or in the tumors
compared to adjacent normal lung tissue, represent potential lung cancer biomarkers for use

in early detection of lung cancer. These proteins were tested for their presence in human

lung cancer patient samples.

Antibodies to the biomarkers were compiled on a “diagnostic chip”, e.g., a panel of
antibodies was presented on a solid substrate as a microarray and further evaluated for
independent predictive value in discriminating samples of lung cancer patients from
samples of a non-lung cancer population. Diagnostic markers were selected for the ability

to identify the presence of or fisture presence of radiologically detectabie lung cancer in a
subject.

BIOMARKER MEASUREMENT IN PATIENT SAMPLES

As discussed in greater detail below, the invention contemplates the use of different assay

formats. Microarrays enable simultaneous testing of multiple markers and samples. Thus, a
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number of controls, positive and negative, can be included in the microarray. The assay
then can be run with simultaneous treatment of plural samples, such as a sample from one
or more known affected patients (positive conirol), and one or more samples from patients
without cancer (negative control), along with one or more samples to be tested and
compared such as the patient sample. Including internal positive and negative controls in
the assay allows for normalization, calibration and standardization of signal strength within
the assay. For example, each of the positive controls, negative controls and patient samples
can be run in plural, and the plural samples can be a serial dilution. The control sites and
patient sample sites also can be randomly arranged on the microarray device to minimize

variation due to sample site location on the testing device.

Thus, such a microarray or chip with internal controls enables diagnosis of patients tested
simultaneously on the microarray or chip. Such a multiplex method of testing and data
acquisition in a controlled manner enables the diagnosis of patients within an assay device
as the suitable controls are accounted for and if the panel of markers are those which
individually have a reasonably high predictive power, then a point of care diagnostic result

can be obtained.

EXEMPLIFICATION OF SAMPLING AND TESTING

Samples amenable to testing, particularly in screening assays, generally, are those easily
obtainable from a patient, and preferably, in a non-intrusive or minimally invasive manner.
A blood sample, plasma or serum is such a suitable sample, and is readily amenable to most
immuneassay formats. In the context of a blood sample, there are many known blood
collection tubes, many collect 5 or 10 ml of fluid. Similar to most commonly ordered
diagnostic blood tests, 5 ml of blood can be collected, but the assay operating as a
microarray can require less than 1 ml of blood. The blood collection vessel can contain an
anticoagulant, such as heparin, citrate or EDTA. The ceilular elements are separated,
generally by centrifugation, for example, at 1000*g (RCF) for 10 minutes at 4 C (yielding
~40% plasma for analysis) and can be stored, generally at refrigerator temperature or at 4 C

until use. Plasma samples preferably are assayed within 3 days of collection or stored
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frozen, for example at -20 C. Excess sample is stored at -20 C (in a frost-free refrigerator to
avoid frecze thawing of the sample) for up to two weeks for repeated analysis as needed.
Storage for periods longer than two wecks should be at -80 C. Serum samples may be
obtained by not providing an anti-coagulant and allowing the sample to clot. Standard
handling and storage methods to preserve protein structure and function as known in the art

are practiced.

According to the invention, the fluid samples from a human patient suspected of having
cancer or in need of ruling out cancer as a diagnosis are then applied to a testing
composition, such as a microarray that contain sites loaded with, for example, antibodies
for the biomarkers discussed herein, and, in one embodiment, preferably along with
suitable positive control and/or negative control samples. The patient, positive control and
negative control samples can be provided in graded amounts, such as a serial dilution, to
enable quantification. The samples can be randomly sited on the microarray to address any
positional effects of the microarray. Following incubation, the microarray is washed and
then exposed to a detector. The microarray again is washed, and then in one embodiment,
exposed to a reagent to enable detection of a reporter. Thus, if the reporter comprises
colored particles, such as metal sols, no particular detection means is needed. In another
embodiment of the invention, fluorescent molecules are used and detected with the
appropriate incident light. Altematively, in another embodiment of the invention, enzymes
arc used and the microarray is exposed to suitable substrates for visualization. The
microarray is assessed for reaction product bound to the sites. While that can be a visual
assessment, other devices will detect and, if needed, quantify strength of signal. The data
then is interpreted to provide information on the validity of the reaction, for example, by
observing the positive and negative control samples, and, if valid, the patient samples are
assessed. The data obtained from the assay is analyzed to determine whether one or more
biomarkers in the patient sample is quantitatively different than in the negative control
sampie. If the patient sample has a greater or lesser amount of a biomarker, depending on
the biomarker(s) chosen, than the negative control sample, the patient is diagnosed as

positive for lung cancer.
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USE OF THE KIT AND ASSAY

The biood assay (test) according to the present invention has multiple uses and applications,
although early diagnosis or early waming for subsequent follow up is highly compelling for
its potential impact on disease outcomes. The invention may be employed as a diagnostic
tool to complement radiographic screening for lung cancer. Serial CT screening is generally
sensitive for lung cancer, but tends to be quite expensive and nonspecific (64% reported
specificity.) Thus, CT results in a high number of false positives, nearly four in ten. The
routine identification of indeterminate pulmonary nodules during radiographic imaging
frequently leads to expensive workup and potentially harmful intervention, including
invasive biopsies. Currently, age and smoking history are the only two risk factors that have

been used as selection criteria by the large screening studies for lang cancer.

The method according to the present invention for detecting radiographically apparent
cancers (>0.5 cm) and/or occult or pre-malignant cancer (below the limit of conventional
radiographic detection) defines individuals for whom additional screening is most
warranted. Thus, the assay according to the invention described herein can serve as a
primary screening test, wherein a positive result indicating the presence of cancer is
indication for further examination, as is conventional and known in the art, such as further
examination by radiographic analysis, such as a CT, PET, X-ray and the like. In addition,

periodic retesting may identify emerging non-small cell lung cancer NSCLC.

An example of the clinical application of the assay of the invention described herein is its
use in a medical practice where body fluid samples, such as blood, from high risk smokers
(for example, persons who smoked the equivalent of one pack per day for twenty or more
years) may be assayed for one or more of the lung cancer biomarkers described herein as
part of a yearly physical examination. A negative assay result without any further overt
symptoms could indicate further testing at least yearly. If the test result is positive, the
patient would receive further testing, such as a repeat of the assay and/or a CT scan or X-
ray to identify possible tumors by diagnostic imaging. If no tumor is apparent on the CT

scan or X-ray, the assay would be repeated once or twice within the year, and multiple
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times in succeeding years until the tumor is at least 0.5 mm in diameter and can be detected
and surgically removed. In addition to its use in a clinical screening protocol, the assay and
method of the present invention can also be useful in distinguishing benign nodules from
malignant nodules identified on CT screening. A solitary pulmonary nodule (SPN) is
defined as a single spherical lesion less than 3 cm in diameter by imaging that is completely
surrounded by normal lung tissue. Although the reported prevalence of mal ignancy in SPNs
has ranged from about 10% to about 70%, most recent studies using the modern definition
of SPN reveal the prevalence of malignancy to be about 40% to about 60%. The majority of
benign lesions are the result of granulomas while the majority of the malignant lesions are
primary Jung cancer. The initial diagnostic evaluation of an SPN is based on the assessment
of risk factors for malignancy such as age, smoking history, prior history of malignancy and
chest radiographic characteristics of the nodule such as size, calcification, border
(spiculated, or smooth) and growth pattern based on the evaluation of old chest X-rays.
These factors are then used to determine the likelihood of malignancy and to guide further

patient management.

After an initial evaluation, many nodules will be classified as having an intermediate
probability of malignancy (25-75%). Patients in this group would benefit from additional
testing with the assay before proceeding to biopsy or surgery. Serial scanning assessing
growth or metabolic imaging (e.g. PET scanning) are the only noninvasive options
currcntly available and are far from ideal. Serial radiographic analysis relies on measures of
growth, requiring a lesion show no growth over a two-year timeframe; an ideal interval
between scans has not been determined although CT scans every 3 months for two years is
a conventional longitudinal evaluation. PET scan has 90-95% specificity for lung cancer
and 80-85% sensitivity. These predictive values may vary based on regional prevalence of

benign granulomatous disease (e.g. histoplasmosis).

PET scans currently cost between $2000 and $4000 per test. Diagnostic yields from non-
surgical procedures such as bronchoscopy or transthoracic needle biopsy (TTNB) range
from 40% to 95%. Subsequent management in the setting of a nondiagnostic procedure can

be problematic. Surgical intervention is often pursued as the most viable option with or



10

15

20

25

WO 2012/113061 PCT/CA2012/000161

24

without other diagnostic workup. The choice wilt depend on whether the pretest risk of
malignancy is high or low, the availability of testing at a particular institution, the nodule's
characteristics (e.g., size and location), the patient's surgical risk, and the patient's
preference. Previous history of other extrathoracic malignancy immediately suggests the
possibility of metastatic cancer to the lung, and the relevance of noninvasive testing
becomes negligible. In the confounding clinical scenario of SPN with indeterminate clinical
suspicion for lung cancer, circulating tumor markers could help avoid potentially harmful
invasive diagnostic workups and conversely support the rationale for aggressive surgical

intervention.

The described invention thus enhances the clinical comfort of electing to serially image a
nodule in lieu of invasive diagnostics. The invention also will have an influence in the
interval for serial X-ray or CT screening, thereby lowering clinical health care costs. The
described invention will complement or supplant PET scanning as a cost effective method

to further increase the probability that lung cancer is present or absent.

The invention will be useful in assessing disease recurrence following therapeutic
intervention. Blood tests for colon and prostate cancer are commonly employed in this
capacity, where marker levels are followed as an indicator of treatment success or failure

and where rising marker levels indicate the need for further diagnostic evaluation for

recurrence that leads to therapeutic intervention.

Hence, the assay according to the invention described herein is a valuable diagnostic tooi
for screening, choice of treatment and for continued use during treatment to monitor the
course of treatment, success of treatment, relapse, cure and so on. The reagents of the assay,
the particular panel of markers can be manipulated to suit the particular purpose. For
example, in a screening assay, a larger panel of markers or a panel of very prevalent
markers may be used to maximize predictive power for a greater number of individuals.
However, in the context of an individual, undergoing treatment, for example, the particular
biomarker fingerprint of the patient’s specific tumor type can be obtained, which may or

may not require all and possibly only a subset of the biomarkers used for screening. The
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particularized subset of biomarkers can be used to monitor the presence of the tumor in that

patient, and subsequent therapeutic intervention.

The components of the assay and kits of the invention can be configured in a number of
different formats for distribution and use. For example, the one or more antibodies can be
aliquoted and stored in one or more vessels, such as glass vials, centrifuge tubes and the
like. The antibody solution can contain suitable buffers and the like, including
preservatives, antimicrobial agents, stabilizers and the like, as known in the art. The
antibody can be in preserved form, such as desiccated, freeze-dried and so on. The
antibodies can be placed on a suitable solid phase for use in a particular assay. Thus, the
antibodies can be placed, and dried, in the wells of a culture plate, spotted on a2 membrane
in a layered array or lateral flow immunoassay device, spotted onto a slide or other support
for a microarray, and so on. The items can be packaged as known in the art to ensure
maximal shelf life, such as with a plastic film wrap or an opaque wrap, and boxed. The
assay container can contain as well, positive and negative control samples, each in a vessel,
which includes, when a sample is a liquid, a vessel with a dropper or which has a cap that
enables the dispensing of drops, sample collection devices, other liquid transfer devices,
detector reagents, developing reagents, such as silver staining reagents and enzyme
substrate, acid/base solution, water and so on. Suitable instructions for use may be

included.

In other formats, such as using a bead-based assay or kit, plural antibodies can be affixed to
different populations of beads, which then can be combined into a single reagent, ready to

be exposed to a patient sample.

The invention now will be exemplified in the following non-limiting examples.
EXAMPLES

Example 1

ANTIBODY MICROARRAY
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Candidate biomarkers for non-small cell lung cancer were identified in the Grgl transgenic
mouse, using Western blots to measure protein levels in Grgl-expressing mice that develop
luntg tumors, compared to non-turnor bearing mice. Proteins identified as being changed in

the Grg1 transgenic mice are shown in Figure 1.

The aim of the antibody microarray experiment is to evaluate the relative abundance of 10
human proteins in lung cancer versus control samples, using a custom antibody array for 30

human serums.
Spotting protocol and incubation of the slides
1. Spotting of the slides

The spotting was done by the Microgrid II spotter with Quill Pins Microspot 2500. The spot
diameter is 150pm. The spotter is equipped by a temperature controlled Biobank set at 4°C.

The slides used were nitrocellulose slides (Gentel PATH PLUS Protein Microarray slides).

The antibodies were spotted on 14 pads in their commercial storing buffer or diluted with
Phosphate Buffer Saline (0.01M, pH?7.4). The dilutions used for each antibody were
optimized (see Figure 2). Three replicates of each antibody were spotted per array.

There were 4 different controls spotted in triplicate in each pad (see Figure 3). The first,
PBS (Phosphate Buffered Saline), is a negative control. The second, labeled BSA (spotted
in 0.05mg/m!) is a grid positioning/positive control. The third is an anti-Albumin antibody
{spotted in 0.1mg/ml) which is a positive control of serum incubation. The last control is an
Anti-H1 antibody (Anti-Histone H1, spotted at 0.5mg/ml) which is a negative control.

2. Labelling ard incubation of samples

Serum samples were obtained from Asterand: Asterand XPressBANK™ human serum

from lung cancer patient donors and human normal control serum. The human normal
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control serum corresponds to a reference sample as described herein. The stage of each

patient’s cancer was determined according to tumor histology.

500 ul of each serum (diluted at 1/10) were labelled with 50 ul of Sulfo-NHS-LC-Biotin
40mM. Mixes were incubated for 1 hour at room temperature with short vortexing every

10 minutes. The protocol has been optimized to obtain the best signal/noise ratio.

Slides were washed 2 times 2 minutes with shaking (50rpm) and blocked with 5ml of PBS
(0.01M; pH=7,4) Tween 0.1% Casein 1% with gentle shaking (15 rpm) during ! hour at

room temperature.

70 pl of each sample was incubated at 1/300 (PBS+Tween0.05%+Casein 0.1%) during 1h
at room temperature with gentle shaking. Then, each well was washed 3 times 5 minutes
with 80ul of PBS+Tween 0.05% Casein 0.1% at 35rpm.

70ul of Streptavidin AlexaFluor 647 solution was incubated at lug/ml in each well during
1h at room temperature in a dark place with gentle shaking (15rpm). Each well was washed
5 times 5 minutes with 80p1 of PBS+Tween 0.05% Casein 0.1% at 35rpm in a dark place
and the slides were washed 2 times with 5 ml of PBS+Tween 0.05% Casein 0.1% during 5

minutes at 35tpm in a dark place. Finally, slides were rinsed with distilled water and are

dried in a dark clean place and scanned.
Image analysis

Slides were scanned with Innoscan700 fluorescent MicroArray scanner. (Innoscan 700 —
Innopsys™). Scan parameters were optimized.

Images were processed with the software Mapix© (Vers. 2.8.2). Detection grids and spot

identification were overlaid to corresponding images.

Analysis parameters
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The software dedicated to the image analysis allows setting up the spot detection
parameters (spot detection threshold, variable or constant spot diameter, anomaly
detection). The parameters set up for this analysis with Mapix are shown in Figure 4. An
example image is shown in Figure 5. The incubation map is displayed in Figure 6.

The images were also visualized in order to check the detection grid position and to detect
the presence of anomalies or erroneous spot detection (dust detection, high background).
Some samples have been incubated twice. The best images have been chosen for each of

these samples.
Quality control
1. Spotting controls

The first quality control was made visuaily. It revealed no anomaly that could affect the

analysis.

Each grid contained positioning positive control spots: labeled BSA (3 spots per pad) and
anti-Albumin antibody (3 spots per pad). Labeled BSA spots, which were the last spotted,
were used for the grid positioning and control that all spots were spotted (figure 7). Anti-
Albumin antibody is a serum incubation control on the microarray. As expected this

positive control showed high reactivity (figure 8).

There were also negatives control spots: PBS and anti-H1 antibody. PBS (51 per grid) was
used to check for non-specific signal. The corresponding signals were expected to be about
the background level (figure 9). The anti-H1 antibody is a negative control for the

incubation of serum. As expected negative controls showed low reactivity (figure 8).

2 Incubation control
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Two Arrays were incubated with the incubation buffer instead of a patient sample to check
the non-specific signals obtained with only the incubation of Streptavidin Alexafluor

solution.

All the signals measured with this control were near the background (under the background
proximity cut off) except for the “Rb hypo™ antibody. For this antibody, the signal obtained
was above the cut-off but was very low in comparison with its signal measured when a

sample was incubated (figure 10).
Raw data treatment

The intensity of each spot was calculated from the median value of the pixels contained in

the spot.

The measured signal for a spot is affected by the local background (measured in the area
surrounding the spot) that increases the signal. Thus, the local background is systematically
subtracted from the signal to obtain a net signal. The net signal may be negative due to a
background level a little higher than the spot signal (weak spot signal). In this case, the

negative net values (Median Spot Signal ~ Median Local Background Signal) are replaced
by the value “10™: revised value.

Each antibody was spotted in triplicate on each array. This allows checking the signal
validity verifying the values concordance between replicates. If the triplicates present a
CV>50%, then the calculated median value is highlighted with an asterisk (*) in the table

and in the corresponding normalized values.

The spots presenting a signal level near the background have an important sensitivity to the
background variation. So, comparison of a couple of data near the background may result in
great ratios despite low signals. In order to clearly identify these values, we set a

background proximity cut-off for each spot calculated as follows:

Mean (of pixels) of Local Background + 3SD
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When one replicate presented a signal under the cut-off, its net signal value is highlighted
with a carat (*} in the table. If at least two on the three replicate of a spot present a signal
under the cut-off, the protein signal is considered as near the background. In this case, the
median value calculated from the triplicates is highlighted with a hatch sign (#) in the table,
independently of the value of the CV between the spots triplicate. The highlight is reported

on the corresponding normalized values (example, figure 11).
Analysis and normalization

To compare the populations of signals obtained with different samples and slides, a
normalization of each population is necessary. Indeed, experimental parameters may vary

and protein concentrations are not exactly the same.

The normalization on the mean of intcnsities has then been chosen. The reference for the
normalization was calculated by calculating mean of intensities of all spots {net signals) for

each sample except for control spots.

The signal for each protein was then normalized as follows:

Normalized Value (VN) = (Signal-Bkg) antibody/ Mean (signals-Bkg)) array x K
K: constant (for data reading comfort) = 10 000
The different analyses described below are performed with these normalized values.
Comparison Cortrol Group vs Lung Cancer Group

There were 2 groups of samples: CONTROL and LUNG CANCER. The foilowing
comparison was made; LUNG CANCER/CONTROL (figure 12). Each group contained 15
samples and the medians of each group were calculated. The ratios (median LUNG
CANCER group)/ (median CONTROL group) and Log2 (Ratio) were caiculated from the

normalized values.
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The resulting median valve of a group is also highlighted with a carat () in figure 12 if at
least baif of the values in a group were highlighted.

In order to compare the groups of samples, a Mann & Whitney test was also used. Mann &
Whitney is a non-parametric test used for the independent samples. The null hypothesis for
the test is HO: the population medians are equal. The level of significance chosen for the
test was 5% (a<0.03).

The values of ratio obtained for all the antibodies were relatively weak but the statistical
test of Mann & Whitney permited isolation of 2 antibodies: MDM2 (figure 13) and TLE1

(figure 14) (Hypothesis HO is rejected). For these 2 antibodies, proteins are over expressed
in the Lung Cancer Group in comparison to the Control Group.

Conclusion

The data analysis revealed 2 potentially differentially expressed proteins using the Mann &
Whitney test: MDM2 and TLE]. These 2 proteins are over expressed in the Lung Cancer
group compared to the Control group.

Example 2
DRUG TREATMENTS

The biomarkers can be used to predict the effectiveness of a drug treatment. The Grgt
transgenic mice overexpress the Grgl (human TLE1) protein, which interacts with HDAC
complexes to carry out its function. Thus, the lung tumors in the Grgl transgenic mice
might be inhibited by treatment with an HDAC inhibitor. HDAC inhibitor drugs are used in
the treatment of many cancers, but it is not clear which patients will respond. Furthermore,
HDAC inhibitors have severe side effects, therefore HDAC inhibitors with more specific
activity are being developed. The Grgl mouse model provides an ideal setting to test new

HDAC mhibitors for effectivencss against non-small cell lung cancer.

PCT/CA2012/000161



10

15

20

25

WO 2012/113061 PCT/CA2012/000161

32

Trichostatin A (TSA) is a histone deacetylase inhibitor that inhibits the proliferation of lung
carcinoma cell lines. The effect of TSA on lung cancer development in animal models,
however, has not been investigated. In the present example, TSA was used to treat
transgenic mice that develop branchioalveolar tung carcinomas due to overexpression of
Grgl. Upon TSA treatment, it was discovered that lung tumor growth was inhibited in Grgl
transgenic mice. In the group of TSA treated Grgl transgenic mice, only 1 out of 6
developed tumors. In addition, tumor angiogenests was also inhibited by TSA. These
findings indicate that TSA can effectively inhibit fung tumor growth in vivo and inhibition
of histone deacctylase activity has therapeutic potential towards branchioalveolar

adenocarcinoma.
Materials and Methods

Transgenic mice were generated with Cre-conditional expression of Grgl (murine TLE1).
The transgene initially expresses a lacZ reporter gene. When Cre recombinase is
introduced, the loxP-flanked JacZ gene is excised, and the transgene cxpresses Grgl and
another reporter gene, human placental alkaline phosphatase (hPLAP). Widespread
expression of the transgene both before and following Cre excision was demonstrated and it

was found that Grg1 overexpression resulted in development of lung adenocarcinomas.

The mice expressing the lacZ reporter prior to Cre excision are referred to as Grg1™Z mice,
and the mice expressing Grgl and hPLAP following Cre excision are referred to as
Grg1™™*” mice. This disclosure relates only to the Grgl -expressing (Grg1"™™?) mice, and
therefore they are referred to alternatively as Grgl hPLAP mice or simply as Grgl

transgenic mice.

Grgl transgenic mice on 129 background were generated and were genotyped by alkaline
phosphotase staining as described, Allen, T. ef af. “Grgl Acts as a Lung-Specific Oncogene
in a Transgenic Mouse Model”, Cancer Res, 66:3, 1294-1301(2006). TSA (BIOMOL
Research Laboratories, Plymouth Meeting, Pennsylvania) was injected intraperitoneally
into 1-month old GrglhPLAP mice and control littermates at 0.5mg/kg in 40 pul of
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10%DMSO/PBS (Mishra et al., 2003). A control solution of 40 pl of 10%DMSO/PBS was
injected to other groups of Grgl mice and control littermates. Each group consisted of 6
male mice and the injections continued for 30 days. After 3 months, the mice were
sacrificed and the lungs were dissected for histological examination. The inferior lobes of
the left lung were fixed in 4% paraformaldehyde and later embedded in paraffin for serial
sectioning of 5 um at 100 pm step intervals throughout the lobe. The sections were stained
with H&E and were screened for adenomatous/carcinomatous proliferation at 10X
magnification. The number of the lesions was recorded and statistical significance was
measured by ANOVA.

Results

At 5 months of age the Grgl overexpressing mice developed tumors visible on serial
scctions. The group of TSA-treated Grg transgenic mice were healthy and the histological
sections showed a significant decrease in tumor growth (Figure 15). Only 1 of the 6 TSA
treated Grg1 mice developed a tumor, compared with the untreated group in which 5 out of
6 Grgl mice developed tumors. Non-transgenic animals did not develop tumors or show
any obvious phenotype with or without TSA treatment.

Examination of H&E stained serial sections revealed that the tumors which developed in
the Grgl overexpressing mice showed extensive proliferation and blood vessels were
obscrved to grow into the tumors. Figure 16 shows the lesions from the single mouse which
developed tumors following TSA treatment. The lesion has similar cellular morphology but
was a much smaller size. No blood vessels were observed around the lesion. No other
abnormalities were observed on the lung tissue from TSA treated Grgl transgenic mice and

non-transgenic mice.
Example 3

GROUCHO PROTEINS CAN BE USED TO TREAT TUMORS
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Considering the proposed antagonistic role for Grg proteins with respect to beta-catenin/Tcf
function, Grg proteins might serve a tumor suppressor role with respect to malignancies
caused by aberrant Wnt/beta-catenin signaling. However the lung tumor phenotype of Grgl
is contradictory to this hypothesis. To address this issue further, Grgl and Grg5
overexpressing mice were crossed to mice carrying the APC™" allele. The 4PC™™" mice
carry a truncating mutation in codon 850 of one copy of the murine APC gene. Loss of the
wildtype APC allele results in elevated levels of beta-catenin and the formation of intestinal
adenomas in these mice. We found that Grgl overexpression has a significant effect on the
development of intestinal polyps in the APC™™* model. Conversely, the presence of the

APC™ allele also has consequences for lung adenomas induced by Grgl.

Grgl decreases the number of macroadenomas in APC™"" mice

On a C57BL/6] background APC™™* mice have a life span of 4 to 6 months and develop
multiple intestinal adenomas. Adenoma multiplicity and lethality are reduced on an outbred
background due to the presence of modifier loci. We crossed C57BL/6] APC™™* mice to
Grgl and Grg5 mice to produce mice that carry the APC™ allele and also overexpress
Grgl or Grg5. In order to rule out effects associated with transgene insertion, 4PC™™" mice
were also crossed to Grg1™” and Grg5™Z mice to produce mice with the APC™ allele plus
non-excised transgenes. The outbred background of mice produced by these crosses
allowed for the assessment of mice at a time point of 6 months and simultaneous
examination of Grgl-associated lung tumors and APC™™*associated intestinal polyps. We
found that this time point was ideal for the quantitation of lung adenomas in Grgl

overexpressing mice.

The small intestine and colon of mice were removed in entirety and the number and size of
intestinal polyps was measured. Figure 17 shows the average number of intestinal polyps in
mice with each of the genotypes examined. No polyps werc found in Grgl (n=6) or Grg5
(n=5) mice that do not carry the APC™™ altele. In APC™™* mice an average of 49.9 polyps
developed and similarly in control Grg™#/APC™™* mice there were an average of 47.6

polyps. The total number of polyps was not significantly altered in Grgl/4PC™* or
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Grg5/APC™™* mice with Grgl or Grg5 overexpression, although there was a trend towards

a lower number of polyps than in APC™" mice.

Lethality in C57BL/6J APC™™* mice is usually associated with intestinal obstruction due to
the progression of one or more adenomas. The size of adenomas is therefore an important
determinant of disease severity. We measured the size of intestinal polyps that developed in
APC™™ mice in the absence or presence of Grgl and Grg5 overexpression. The number of
macroadenomas (>2 mm) found in APC™™" mice that overexpress Grgl was significantly
reduced. Grg5/APC™™" mice did not show a similarly robust decrease in the number of
large intestinal adenomas. Therefore overexpression of Grgl, a full length Groucho protein,
reduced the number of macroadenomas. The body mass, length of the small intestine and
length of the colon of Grgl/APC™™" mice were not significantly different compared to the

other groups examined.
Lung tumor burden is lowered in Grgl mice carrying the APC™" allele

Grg! mice develop 8.3 -+/- 6.0 (n=28) lung lesions visible on the pleural surface at 180
days. Crossing one generation into the C57BL/6J background did not yield significant
alterations in lung adenoma number indicating there were no strain specific cffects on the
Grgl-induced phenotype (Figure 17, column 5; 7.4 +/- 3.1 surface visible adenomas).
However, the presence of the APC™" allele dramatically reduced the number of lesions that
could be found on the pleural surface and in lung serial sections (Figure 17, columns 3, 7).
In general, adenomas in Grgl mice were larger than those found in Grgi/APC’m'“” mice.
Examination of the adenomas at high magnification revealed no visible differences in cell
morpholegy between the two genotypes. Therefore, although the APC™™ allele does not

completely abolish the induction of lung adenomas by Grgl, lung tumor burden was
signiftcantly reduced.

Materials and Methods

Mouse Lines and Genotyping
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APC™™" mice were produced and maintained on a C57BL/6J background from stock
obtained from The Jackson Laberatory (Bar Harbor, ME). The iZ/AP-Grgl (line 2F12) and
iZ/AP-Grg5 (line H2) mice have been described in Allen, T. ef al. “Grg! Acts as a Lung-
Specific Oncogene in a Transgenic Mouse Model”, Cancer Res, 66:3, 1294-1301(2006).
Mice with the non-excised transgenes are referred to as Grg1*Z and Grg5™?. Mice with
globally excised iZ/AP-Grg transgenes are referred to as Grgl or Grg5. To create mice
carrying the APC™ allele and iZ/AP-Grg transgenes, CSTBL/6J, APC™™" mice werc
crossed with F2 and F3 generation iZ/AP-Grg transgenic mice that carry either non-excised
(Grg™?) or excised (Grg) transgenes. Genotyping for the APC™ allele was done by
competitive PCR using primers and conditions as described Dietrich, W.F. et al. "Genetic
identification of Mom-1, a major medifier locus affecting Min-induced intestinal neoplasia
in the mouse", Celi, 75:4, 631-639 (1993). For the presence of Grgl and Grg5 transgenes,
mice were genotyped by either JacZ or hPLAP staining of ear punch tissue.

Quantitation of Intestinal Polyps and Lung Adenomas

Animals were sacrificed at approximately 6 months of age. The small intestine and colon
were removed in entirety from each mouse and flushed of their contents with PBS.
Intestines were fixed in 4% paraformaldehyde/PBS overnight. The next day intestines were
washed in PBS and stored in 70% ethanol (v/v). For examination, fixed intestines were
opened longitudinally and pinned lumen side up to a layer of hardened 3% agarose in a
petri dish. With the use of a dissecting microscope (20-40X) and calipers, both polyp
number and size were scored for the entire small intestine and colon. Polyp sizes were
determined by measuring the maximum diameter of each polyp. Intestinal polyps with a
diameter of as little 0.3 mm could be scored in this fashion. Lungs from the same mice
were examined for tumors on the pleural surface using a dissecting microscope (10X).
Serial sectioning of paraffin-embedded lung was done to inspect for tumors not visible on
the pleural surface. 5 um sections were cut at 100 pm intervals through the left lobe.

Sections were stained with hematoxylin and eosin and visually scanned for microadenomas
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at 100X magnification. Adenomas large enough to be present on adjacent sections were not

counted twice. Ten serial sections were scored per mouse.
Statistical Analysis

An analysis of variance (ANOVA) was carried out to test for significant alterations in polyp
multiplicity, small intestinal length, colon length and weight. The non-parametric Kruskal-
Wallis test followed by Dunn’s test was used to assess for significant differences in polyp
size. The statistical significance of alterations in tumor number on the pleural surface or in

lung serial sections was analyzed using the Mann-Whitney test.
Western Blotting

Whole tissue protein extracts were made from freshly dissected tissues using a cold lysis
buffer of 150 mM NaCl, 25% glycerol, 0.2 mM EDTA, 20 mM Hepes pH 7.8. 0.5 mM
DTT, 0.5 mM PMSF, 0.5 mg/ml Leupeptin, 0.7 mg/ml Pepstatin, 2 mg/ml Aprotonin,
Tissues were sonicated and debris was removed by bricf centrifugation. Supematant was
transferred to a fresh tube and immediately frozen at -80°C. Protein concentrations were
measured using the Bradford method (Bio-Rad). For Western blot anatysis, 100 ug of
lysate was run on a 10% polyacrylamide gel and transferred to PVDF membrane. Blocking
was done overnight in 10% skim milk powder in 10 mM Tris HCl pHB8.0, 150 mM NaCl,
0.1% Tween (TBST). Binding of primary and secondary antibodies was in 5% skim milk
powder TBST. Rabbit polyclonal serum directed against Grg5 was created using a C-
terminal 18 amino acid peptide. Primary commercial antibodies were a-TLE] rabbit
polyclonal serum M-101 (Santa Cruz Biotechnology)(Husain et al., 1996), mouse
monoclonal a-beta-galactosidase (Promega), mouse monoclonal a-beta-actin AC-15
(Sigma), a-beta-catenin H-102 rabbit polycional serum (Santa Cruz Biotechnology), mouse
monoclonal a-active beta-catenin (a-ABC) 8E7 (Upstate), and a-phospho-beta-catenin
(Ser-33, 37, Thr-41) rabbit antiserum (Cell Signaling). HRP-conjugated secondary
antibodies were purchased from Santa Cruz Biotechnology.
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Immunostaining

Following deparaffination, rehydration and antigen retrieval, sections were incubated with
a-Grg3/TLEZ rabbit polyclonal serum (Santa Cruz Biotechnology), a-Grgl/TLE] rabbit
polyclonal serum, o-beta-catenin rabbit polyclonal serum, a-ABC mouse monoclonal
antibody or a-phospho-beta-catenin (Ser-33, 37, Thr-41) rabbit antiserum. Sections were
subsequently incubated with biotinylated secondary antibodies, Avidin-Biotin Complex and
DAB (Vector Laboratories Inc.). Sections were counterstained with hematoxylin. For
immunofluorescence, a goat a-mouse tetramethylrhodamine-conjugated secondary
antibody (Molecular Probes) was used.

Histochemical Staining

Fixation, and staining of tissues and frozen sections was essentially as described in Lobe C.
et al. “Z/AP, a double reporter for Cre-mediated Recombination”, Dev. Biol, 208:2 281-292
except that no counterstain was used on /acZ or hPLAP stained frozen sections.
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SEQUENCE LISTING

SEQIDNO: 1

Human TLE! protein

mfpgsrhptp
asektemgrh
gggvagaver
qppgipplgg
sllvpdslrg
dvsnedpssp
skemslheka
vngaaaglrt
msaaaaaaav
tadggmgpvp
tggkgevkvw
astlsiwdla
wdlhngtlvr
lqghdftsqi
vlslkfaycg
dkyivtgsgd

SEQ ID NO: 2

hgaaggpfkf
yvmyyemsyg
akgvtmaeln
sagllalssa
tdkrrngpef
raspahspre
stpvlksstp
plavpgpypa
vaygrspmvg
fppdaligpg
dishpgnksp
aptprikael
gfgghtdgas
fslgycptge
kwivstgkdn
kkatvyeviy

Human TLE2 protein

mypqggrhptp
sektemgrhy
ggvlgavera
tgllalsgal
veeerpsgpg
attpegkvpi
skscdssppg
tsfslgshst
rgssvssslp
lhtlahgevv
nrdnyirsck
yalavspdak
gtrlwtggld
ssnveilhvr
pygasifqsk

lgsggpfkfs
wmyyemsygl
kqvtvgelns
aagaglaaav
gggkqradek
ciparrdivd
dastpgpssa
lngdlsvpss
sipggkpays
cavtisgstq
llpdgrsliv
vefscecsdgn
ntvrcwdlre
kpekyglhlh
esssvlscdi

39

tipesldrik
lniemhkgte
aiigggqglqga
lsggshlaik
sndikkrkvd
ngidknxllk
tprsdmptpg
pfgmvphagm
fdppphmrvp
iprhargint
vsqgldclnrd
tssapacyal
cidisndgtk
wlavgmessn
llnawrtpyg

ileicdrike
niemhkgaei
ligqqlqpls
kedragveae
epsgpyesde
spaslasslg
shlcqlaakp
yvslhlspgv
fhvsadggmg
hvytggkgcv
ggeastlsiw
ivvwdlangt
grqlqghdfs
escvlslkfa
sronkyivtg

eefgflgaqy
iakrlntica
ghlshghgpp
ddkkhhdaeh
dkdsshydsd
kdassspast
tsatpglrpg
ngeltspgaa
tippnlagip
Inhgevvcav
nyirsckllp
aispdskvcE
lwtggldntyv
vevlhvnkpd
asifqgskess

efqgflgagyh
vkrlsgicaqgq
hhappvpltp
gsrverapsr
dksdynlvvd
splprakeli
apstdsvalr
SSSVYVygrsp
pvpfpsdaly
kvwdvggpga
dlaaptprik
mvrgfgghtd
sqgifslghcp
scgrwfvstg
sgdkkatvye

PCT/CA2012/000161

hslklecekl
gvipflsqgeh
vpltphpsgl
hrdrepgtsn
gdksddnlvv
assasstslk
lgkppaidpl
yaslhnmspg
ggkpaysfhv
tisnptrhvy
dgctlivgge
sccsdgniav
rswdlregrq
kygqlhlhesc
svlscdisvd

slklecekla
iipfltgehg
rpaglvggsa
saspsppesl
edgpseppsp
Indlpastpa
spltlsspft
vmafeshphl
gagiprharqg
ktpvagldcl
aeltssapac
gascidisdy
ngdwlavgme
kdnllnawrt
vy
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SEQIDNO:3

Human TLE3 protein

mypqgrhpap
anektemgrh
gggvagaver

lgppgippvt
svspseslra
dvsnedpatp
tkdlghndks
gimasalrtp
aaaaaaaaay
gqmgpvpiph
kgevkiwdis
ltiwdlaspt
hngtlvrgfg
hdftsqgifsl
lkfaycgkwt
ivtgsgdkka

SEQ ID NO: 4

hgpgqpgfkf
yvmyyemsyg
akgvtmteln
gsssgllalg
sekhrgsady
rvspahsppe
stpglksntp
isitssyaap
grspmvgidp
dalagpgipr
gpgskspisq
prikaeltss
ghtdgascid
gycptgewla
vstgkdnlln
tvyeviy

Human TLE4 protein

mirdlskmyp
leceklasek

flsgehqgqqgv
hpsglgppai
sasfrgaekh
nedpssprgs
lslneksttp
lrtpmavpep
aaaaaaygrs
gpvpippdal
vkvwdishpg
wdlaaptpri
tlvrgfgght
tsgifslgyc
ahcgkwfvst
gsgdkkatvy

gtrhpaphgp
temgrhyvmy
vgaverakqv
ppigssagll
rnsadysses
pahsprengl
veksntptpr
yptpfgivph
pvvgfdphhh
igpgiprhar
nkspvsqlde
kaeltssapa
dgascidisn
ptgewlavgm
gkdnllnawr
eviy

tvaescdrik
lniemhkgte
aiigggglga
algsqgahltv
smeakkrkae

ngldkarslk
tprndaptpg
fammshhemn
hppmratglp
hargintlsh
ldclnrdnyi
apacyalais
ishdgtklwt
vgmessnvev
awrtpygasi

agpfkftise
yemsyglnie
tmaelnaiig
alssalgggs
kkgkteekei
dktrllkkda
tdaptpgsns
agmngeltsp
mrvpaippnl
gintlnhgev
lnrdnyirsc
cyalaispds
dgtklwtggl
ensnvevlhv
tpygasifgs

defgflqaqy
iakrlntila
ghlshathgp
kdeknhheld
ekdslsryds

kdaptspasv
tsttpglrsm
gsltspgaya
sslasipggk
gevvcavtis
rsckllpdgr
pdakvecEsce
ggldntvrsw
lhhtkpdkyg
fgskesssvl

scdrikeefqg
mhkgaeivkr
qglgaghlsh
hlpikdekkh
aarydsdgek
pispasiass
tpglrpvpgk
gaayaglhni
tgipggkpay
vcavtisnpt
rllpdgrtli
kvefscesdg
dntvrswdlr
tkpdkyglhl
kesssvlscd
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hslkveydkl
gimpflsgeh
pvqglpphpsg
hreressann
dgdksddlvv
asssstpssk
pokppgmdpi
glhnippgms
paysfhvsad
nptrhvytgg
tlivggeast
sdgniavwdl
dlregrglag
lthlhescvls
scdisaddky

flgagyhslk
lnaicaqgvip
ghglpvpltp
hdndhqgrvsp
sddnlvvdvs
sstpsskske
ppgvdplass
spgmsaaaaa
sfhvsadgqm
rhvytggkge
vggeastlsi
niavwdlhng
egrglgghdf
hescvlslkf
isvddkyivt
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SEQIDNO: 5

41

Human TLES protein

mchkngfpge
gpaastraag
gllgaqyhsl
rlngicaqvl
glgalalplt
dgdthgeddg

ggitaaflgk rklrlisknhr parakvtehv
slffdrwgnr gpagcrgssh lpgglkftts
klecdklase ksemgrhyvm yyemsyglni
pylsgehqgqg vlgaierakq vtapelnsii
plpvgigpps lpavsagtgl lslsalgsqa
eksd

PCT/CA2012/000161

rgtrpgrata
dscdrikdef
emhkgaeivk
rqqlgahgls
hlskedkngh
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SEQIDNO: 6
Human TLEI coding sequence

atgticccgeagagecggeacccgacgeegeaccaggetgeaggecageccticaagticactatcceggagtcectggaccgg
attaaagaggaaticcagttcctgcaggegeagtatcacagecttaaattggaatgtgagaaactggcaagigaaaagacagaaat
gragaggcactatptgatgtattatgaaatgtcatatggattaaacattgaaatgcacaaacagactgaaatcgecaagagatigaat
acgatttgtgcacaagtcatcecattictgtetcaggaacatcaacaacaggtggeccaggetgtigaacgtgecaaacaggtgace
atggcagapttgaatgecatcatcgggeageageagttgeaagetcageatcttictcatggecacggacceceagticeccttacg
cetcacceticgggacttcagectectggaatcecgecectegggppceagtgecggectictigegetgtetagtgctclgagigeg
cagtctcacttggcaataaaagatgacaagaagcaccacgatgcagageaccacagagacagagageegggeacaagtaaticc
ctectggtcccagacagtictaagaggeacagataaacgcagaaatggacctgaattitccaatgacatcaagaaaaggaageteg
atgataaggactccagccactatgacagtgatgptgacaaaagegatgacaacttagtigtgpatgtatctaatgaggacccttettct
ccgegagcaagecctgeccactcgecccgggaaaatggaatcgacaaaaatcgectgetaaagaaggatgettctageagtcca
gettccacggcectecteggeaagttceacttctttgaaatccaaagaaatgagcettgcatgaaaaagecageacgectgtictgaaat
ccageacaccaacgecicggagegacatgecaacgecgggeaccagegeceacticeaggectecgtecaggietcggeaagect
ccagcecatagaceecetcgttaaccaageggeagotggcttgaggacaceectggeagtgeceggeccatatcetgetecttitgg
gatggtccececacgetggeatgaacggegagetgaccageccaggegetgectacgeragtttacacaacatgicgecccagat
gagcgeegeageegecgeggecgeeptggtagcctacggecgetcccccatggtggagtttgatccteccectcacatgapagt
acctaccattectccaaacctggeaggaatecetggggggaaacctigeatactecttccacgttactgcagacgptcagatgeage
ctgteccttticccceegacgecctcatcggacceggaatcccecggeatgeicgecagatcaacaccetcaaccacggggaggt
ggtgtgegetgtgaccatcageaaceccacgagacacgtgtacacaggegggaaggectgegtcaaggtctgggacatcagee
accctggeaataagagcectgtctcocageticgactgictgaacagagacaattatatcegttcetgtaaattgetaccegatggetg
cactctcatagigggaggggaagccagtactiigtccattigggacctggeggetecaacceegegeatcaaggeggagetgacg
tecteggecceegeetgetacgecctggecatcagecccgaticcaaggtetgctictcatgetgeagegacggeaacategetgtg
tgggatctgcacaaccagacactagtgaggcaattccagggecacacagacggagecagcetgtattgacatttctaatgatggeac
caagctctggacgggiggtitggacaacacagtcaggtectgggacctgegegaggggeggeagetgeageageacgacttcac
cteccagatctictcectggggtactgecccaceggggagtagctgocagtgggcatggagageageaatgtggaggtectgcac
gtgaacaagcctgacaagtaccagetgeacctgeatgagagotgegtgetgtecctgaaatttgettactgtggtaaatggtitgtga
glactggaaaagataacctecteaatgetiggeggacccectatggagecageatartccagtccaaagagtectegtcagtgetta
gctgtgacatctctgtgpatgataagracatagtcactggetegggggacaagaaggctacagtetatgaagteatctactga

SEQID NO: 7
Human TLE2 coding sequence

atgtacccecagggaaggeaccegacecegeteecagtccggecageecttcaagttctegatettggagatetgegacegeatcaa
agaagaattccagtitcttcaggctcaataccacagectcaagetagaatgtgagaagetggecagegagaagacggaaatgeag

cgacatiatgicalgtattatgagatptcgtacggectcaacatigaaatgeataageaggeggagattgtgaagegtetgageggta
tctgcgctcaganatccccttcctgacccaggagcatcagcagcaggtgctccaggccgtagaacgcgccaagcaggtcaccgt

gggggagctgaacagecicatogggeageagetccagecgetgteecaceacgeacceectgigecccteaccceccgeccag
cegggctggtggecggeagtgctacggggetgetigetctgiciggagecetggetgeecaggeteagetggeggcggctgtca

aggaggaccgtgegggegtegaggecgagggatecagagtggagagapgececgageaggagtgeatetecetegeecectga
gagretegiggaggaggagegaccgagiggecctggtegtgecgggaageagagageagatgagaaggagecatcaggacct
tatgaaagcgacgaagacaagagtgattacaaiciggtggiggacgaggaccaacectcagagecccccageccggctaccace
ccctgcggaaaggtacccatctgcattcctgcccgtcgggacctggtggacagtccagcctccttggcctctagccttggctcaccg
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clgcctagagecaaggagcteatectgaatgaccticcegecagceactectgectecaaatectgtgactectececccgecccagga
cgettccacceecgggeccageteggecagtcacctetgecagettgctgecaagecageaccticcacggacagegtcgecctg
aggagccccctgactetgtecagteccttcaccacgtecticagectgggeteecacageactetcaacggagaccteteegtgece
agctectacgteageetecacctgiceccecaggteageagetctgtagtgtacggacgeteeccegtgatggeatttgagteteate
cecaictecgagggteateegteteticetcectaceeageatecctgggggaaagecggectacteettecacgtgietgeggacg
ggceagatgeageeggticecticeecteggatgeactggtaggegegggcateccgeggeacgeceggeagetgeacacgelg
gcccatggegaggtagtetgegeggtcaccatcageggetccacacageatgtgtacacgggeggeaagggctgtptgaagste
tgggacgtggeccagectggggccazgacgecegtggeccagetegactgectgaaccgagacaactacattcgitcctgeaag
ttgctgccggatggccggagtctgatcgtgggcggtgaggccagcaccttgtccatttgggacctggcggcgcccaccccccgta
tcaaggcegagetgacttcetcagecccagectgetacgeectggeegtcageeccgacgecaaggtitgetictectgetgcage
gaiggcaacatigtggtctgggacctgragaatcagactatggtcaggeagttccagggecacacggacggegeeageigeattg
atatttcogattacggeacicggeletggacagggagectggacaacacggtgcgetgeigggaccigegagagggecgecage
tgcagcagcatgacttcagctcccagatmctccctgggccactgccctaaccaggactggctggcggtcggaatggagag’tagc
aacgtggagatcctgeacgiccgeaagecggagaaataccagetgeacctecacgagagctgcgtgctgtecctgaagittgccte
ctgcggac ggtggtttgtgagcaccgggaaggacaacctgctcaacgcctggaggacgccgtacggggcmgcattttccagtc
caaggagtegtectcagicetgagtigtgacateiccagaaataacaaatacarcgtgacaggetcgggp gacaagaaggeeace
gtgtatgagptogtctactga

SEQID NO: 8
Human TLE3 coding sequence

atgtatce gcagggcagacatccggcrccccatcaacocgggcagccgggatttaaattcacggtggctgagtcttgtgacaggat
caaagacgaaticcagticctgeaageicagtatcacagectcaaagtggagtac gacaagctggcaaacgagaagacggagatg
cagcgccattatgtgatgtactatgagatgtcctatggcttgaacattgaaatgcacaagcagacagagattgcgaagagactgaac
acaattitagcacagatcatgeetticetgteacaagageaccageageaggtgge geaggcagtggagcgcgccaageaggica
ccatgacggagctgaacgccatcatcgggcagcagcagctccaggcgcagcacctctcccatgccacacacggccccccggtc
cagttgccaccccacccgtcaggtctccagcctccaggaatccccccagtgacagggagcagctccgggctgctggcactgggc
gccctgggcagccaggcccatc’(gacggtgaaggatgagaagaaccaccatgaactcgatcacagagagagagaatccagtgc
gaataactctgtgtcaccctcggaaagcctccgggccagtgagaagcaccggggctctgc ggactacagcatggaagccaagaa
gcggaaggtggaggagaaggamgcttgagccgatacgacagtgatggagacaagagtgatgatctggtggtggatgtttccaat
gaggaccccgcaacgccccgggtcagcccggcacactcccctcctgaaaatgggctggacaaggcccgtagcctgaaaaaaga
tgcccccaccagccctgcctcggtggcctcttccagtagcacaccttcctccaagaccaaagaccttggtcataacgacaaatcctc
cacccctgggctcaagtccaacacaccaaccccaaggaacgacgccccaactccaggcaccagcacgaccccagggctcaggt
cgatgecgggtaaacciceggpeatggacee gataggtataatggeeteggeictgegeacgeceatetccatcaccagetectat
gcggcgcccttcgccatgatgagccaccatgagatgaacggctccctcaccagtcctggcgcctacgccggcctccacaacatcc
caccccagatgagegecgeegeegetgetgeagec getgeetatggeegategecaatggtgagetttggagetgttggtittgac
cctcaccccccgatgcgggccacaggcctcccctcaagcctggcctccattcctggaggaaaaccagcgtactca‘accatgtgag
tgctgatgggcagatgcagcccgtgcccttcccccacgacgccctggcaggccccggcatcccgaggcacgcccggcagatca
acacactcagccacgggggggtggtgtgtgccgtgaccatcagcaaccccagcaggcacgtctacacaggtggcaagggctgc
gtgaagatctgggacatcagccagccaggcagcaagagccccatctcccagctggactgcctgaacagggacaattacatgcgc
tcctgcaagctgcaccctgatgggcgcacgctcatcgtgggcggcgagggcagcacgcbcaccatctgggacctggcctcgccc
acgccccgcatcaaggccgagctgacgtcctcggctcccgcctgttatgccctggccattagccctgacgccaaagtctgcttctcc
tgctgcagcgatgggaacattgctgtctgggacctgcacaaccagaccctggtcaggcagttccagggccacacagatggggcc
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agctgeatagacatcteccatgatggeaccaaactgtggacaggggecctggacaacacggtgegetcctgggacetgegggag
ggccgacagetacagecagceatgacttcacticceagatettctegetgggctacigececactggagagtgpetggcigtgpgcat
ggagagcagcaacgtggaggigetgcaccacaccaagecteacaagtaccagetgeacctgeacgagagetgegtgetetcect
caagttcgectactgeggcaagtggticgtgageactgggaaagataacctictcaacgeciggaggacgectiatggagecagea
tatcccagtctaaagaatcetegtetptetigagtigtgacatticageggatgacaaatacattgtaacaggctctggtgacaagaag
gcecacagtttatgaggteatctactaa

SEQIDNO: 9
Human TLE4 coding sequence

atgattcgcgacctgagcaagatgtaccegcagaccagacacceggeacegeatcagecetgetcaacectttaaatttacaattree

gaatcctgtgatcggaitaaggaagagtttcagtttitacaggctcaataccacagictgaagetggaatgtgagaaactegecagtg
agaagacagagatgcagcggcatiatgicatgtattatgaaatgtectatgggtigaatatagaaatgcacaagcaggeagagattgt
caagaggctgaatgetatctgtgeacaagtcatteetiteeigtcccaagageaccageaacaagtggtgeaggetigtggaacggg
ccaagcaggtgaccatggeagaactgaacgecatcattgggcaacaactccaggeccageatttatcacatggacatggtetccee
gtacctetgactceacaccetteagggetecageeccetgecaticcacceatcggtageagtpeegggcttetggeectctecagt

gctctaggaggtcagtcccatcttccaartaaagatgagaagaagcaccatgacaatgatcaccaaagagacagagactccatcaa
gagctcttcagtatccccatcagccagtrtccgaggtgctgagaagcacagaaactccgcagactactcctcagagagcaaaaagc
agaaaactgaagaaaaggaaattgcagctcgttatgacagcgatggtgagaaaagtgatgacaacttggtggttgacgtttccaatg
aggatccaicitcccetcgagggageccageacaticeeecagagagaatggectagacaagacacgectgetcaagaaagatg

ccccgattagtccagcctctattgcatcttccagcagtactccctcctccaaatccaaagaacttagocttaatgaaaaatctactactc

ccgtctcaaagtccaatacccctactccacgaactgatgcgcccaccccaggcagﬁactctactcccggattgaggcctgtacctg
gaanaccaccaggagttgaccctttggectcaagectaaggaccecaatggeagtaccttgtecatatecaactccatttgggattgt
gccccatgetggaatgaacggagagetgaccagecccggage ggcctacgetgggctecacaacateteecctcagatgagege
agctgctgccgccgccgctgctgctgctgcctatgggagatcaccagtggtgggatttgatccacaccatcacatgcgtgtgccag

caatacctccaaacctgacaggcattccaggaggaaaaccagcatactccttccatgttagcgcagatggtcagatgcagcctgtcc
cttttccacccgacgccctcatcggacctggaatcccccggcatgctcgccagatcaacaccctcaaccacggggaggtggtgtg

cgcggtgaccatcagcaaccccacgagacacgtgtacacgggtgggaagggctgcgtcaaggtctgggacaﬁcagccacccag
gcaataagagtcctgtctcacagctcgactgtctgaacagggataactacatccgttcctgcagattgctccctgatggtcgcaccct

aat!gliggaggggaagccagtactttgtccatttgggacctggcggctccaaccccacgcatcaaggcagagctgacatcctc 2g
ceecegectgctatgeectggecatcagecec gattccaaggtctgeticteatgetgeagegacggcaacatcgotgtetgggate
tgcacaaccagaccttggtgaggcaattccagggccacacagatggagccagctgtattgacamctaatgatggcaccaagctct
ggacaggtggtttggacaacacggtcaggtcctgggacctgcgcgaggggcggcagctgcagcagcacgacu:cacctcccag

atcttttctctgggctactgcccaactggagagtggcttgcagtggggatggagaacagcaatgtggaagmtgcatgtcaccaagc
cagacaaataccaactacatcttcatgagagctgtgtgctgtcgctcaagtttgcccattgtggcaaatggfxtgtaagcactggaaag
gacaaccnctgaatgcctggagaacaccttatggggccagtatattccagtccaaagaawctcatcggtgcttagctgtgacatctc
cgtggacgacaaatacattgtcactggctctggggataagaaggccacagtttatgaagttatttattaa

SEQIDNO: 10
Human TLES coding sequence

atgigicacaagaatggeticectoaggaaggeggeattacegetgectticigeagaaaaggaaactaaggeicageaagaacca
cegeceagecagagecaaggteacagagcacgicegtggeacgegteeaggtegtgecacageagggecggeggettegacg
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cgggcagecgggtecctitictitgacagatggggaaacogaggeccggecggcigeeggggctcctegeacctaccecageaa
Ctcaaattcaccaccteggacteetgegaccgeatcaaagacgaatticagetactgeaagceteagtaccacagectcaagetcgaa
tgigacaagtiggccagtgagaagtcagagatgcagegteactatgtgatgtactacgagatgtcctacggetigaacatcgagatg
cacaaacaggctgagatcgicaaaaggctgaacgggatttgtgcccaggiectgeectacctetecccaagageaccageageagg
tettgggagecattgagagggccaageaggteaccgetccegagetgaactetatcatcegacageagetccaageecaccaget
gleceagetgeaggecctggecctgeecitgaceeeactaceegtggggetgeageegecticgetgecggeggtcagegeagg
caccggecteeteicgetgteegegetgggttcecaggeccacctictecaaggaagacaagaacgggeacgatggtgacaccea

ccaggaggatgatggcgagaagtcggattag
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SEQID NO: 11

Mouse Grgl protein

mfpgsrhptp
asektemgrh
gggvagaver
vpltphpsgl
hrdrepgtsn
ksddnlvvdv
sgsssslksk
kppameplvn
glhsmspgms
ggkpaysfhv
tisnptrhvy
dgctlivgge
sccesdgniav
rewdlregrq
kyglhlhesc
svlscdisvd

SEQID NO: 12

hgaaggpfkf
yvmyyemsyq
akgvtmaeln
appgipplgg
sllvpdslrg
snedpsspha
evslhekant
gaaaglrtpl
aaaaaaaaav
tadgqmgpvp
tggkgcvkvw
astlsiwdla
wdlhngtlvr
lgghdftsgi
vlslkfaycg
dkyivtgsgd

Mouse Grg2 protein

mypqgrhptp
sektemqrhy
aeivkrlsai
lgplshappv
vdaegsrvdr
ydseedksdy
asslgsplpr
laagpaaptd
lspgvsssvy
gqmgpvpfps
kgecvkvwdvg
lsiwdlaapt
gngamvrgfq
hdfssgifsl
lkfascgrwf

lgsgqpfkis
vmaaphgqepq
cagmvpfltg
pltprpaglv
aasrssspsp
nlvvdedgps
skdialndlp
sialrspltl
yarsplgmaf
dalvgtgipr
gpgsktpvaq
prikaeltss
ghtdgascid
ghepngdwla
vstgkdnlln

tipesldrik
lniemhkgte
aiigvrglpg
sasllalssa
tdkrrngpef
spthspreng
pvlksstptp
avpgpypapf
vaygrspmvg
fppdaligpg
dishpgnksp
aptprikael
gfqghtdgas
fslgycptge
kwfvstgkdn
kkatvyeviy

vleicdrike
ggtsyphwpr
ehggqvlgav
dagatgllal
peslveedhp
eppspvttpe
tgtpasrscg
sspftssfsl
eshphlrgss
harglhtlah
ldclnrdnyi
apacyalavs
isdygtrlwt
vgmesshvev
awrtpygasi

eefqflqaqy
iakrlntica
lpptggglga
lsggshlaik
ssdikkrkvd
idknrllkkd
rsdmptpgts
gmvphagmng
fdppphmrvp
iprhargint
vsqldelnrd
tssapacyal
cidisndgtk
wlavgmessn
llnawrtpyg

efqflgagyh
l1splgyyems
drakgvtvge
sgalaaqaql
ssrggsgkqqg
gkaplcipar
tsppgdsstp
gshstlngdl
vslpgipvak
gevvcavtis
rsckllpdgg
pdakvcfsce
ggldntvrcw
lhvrkpekyg
fgskesssvl

PCT/CA2012/000161

hslklecekl
qvipflsgeh
ghlshghgpp
ddkkhhdaer
dkdnydsdgd
asgspastas
atpglrpglg
eltspgaaya
sippnlagip
lnhgevvcav
nyirsckllp
aispdskver
lwtggldntv
vevlihvnkpd
asifgskess

slklecekla
yglniemhkq
lnsllgqgng
vaavkedrvyg
raedkdlsgp
rdltdspasl
gpssashlcq
smpgsyvglh
paysfhvsad
sstqhvytgg
slivggeast
sdgnivvwdl
dlregrglag
lrlhescvls
scdisrnnky
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ivtgsgdkka

SEQ ID NO: 13

tvyevvy

Mouse Grg3 protein

mypggrhpap
anektemgrh
dggvagaver
pvalpphpsg
hreresstnn
dgdksddlivvy
asssstpssk
pgkppgmdpi
glhnipsqms
ipggkpaysf
avtisnptrh
lpdgrtlivg
cfscesdgni
tvrswdlreg
pdkyglhlhe
sssvlscdis

SEQIDNO: 14

hgpgapgfkf
yvmyyemsyg
akgvtmteln
lgppgippvt
svspseslra
dvsnedpatp
tkdlghndks
gimasalrtp
aaaaaaaaay

hvsadggmgp
vytggkgevk
geastltiwd
avwdlhngtl
rglgghdfts
scvlslkfay
addkyivtgs

Mouse Grg4 protein

mirdlskmyp
leceklasek
flsgehqggqv
hpsglgppai
siksssvsps
ddnlvvdvsn
stpsskskel
pgvdplassl
pgmsaaaaaa
fhvsadggmg
hvytggkgev
ggeastlsiw

gtrhpaphqgp
temgrhyvmy
vgaverakqv
ppigssagill
asfrgsekhr
edpssprgsp
slneksttpv
rtpmavpcpy
aaaaaygrsp
pvpfppdali
kvwdishpgn
dlaaptprik

47

tvaescdrik
Iniemhkgte
aiigvrglpn
gsssgllalg
sekhrgsady
rvspahsppe
stpglksntp
itltssypap
grspmvsfga
vpfphdalag
iwdisgpgsk
lasptprika
vrgfqgghtdg
gifslgycpt
cgkwivstgk
gdkkatvyev

agpfkftise
yemsyglnie
tmaelnaiig
alssalgggs
nstdyssesk
ahsprengld
sksntptprt
ptpfgivpha
vvgfdphhhm
gpgiprharq
kspvsgldcl
aeltssapac

defgflgaqy
iakrlntila
lpltggqglga
algsgahlav
smeakkrkae
ngldkarglk
tprndaptpg
fammshhemn
vgfdphppmr
pgiprharqi
spisgldeln
eltssapacy
ascidishdg
gewlavgmes
dnllnawrtp

iy

scdrikeefq
mhkqaeivkr
gglgqaghlsh
hlpikdekkh
kgkteekeia
ktrllkkdap
daptpgsnst
gmngeltspg
rvpaippnlt
intlnhgevv
nrdnyirscr
yalaispdsk
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hslkveydkl
gimpflsqgeh
ghlshathgp
kdeknhheld
ekdslsryds
kdaptspasv
tsttpglrsm
gsltspsaya
atglpsslas
ntlshgevvc
rdnyirsckl
alaispdakv
tklwtggldn
snvevlihhtk
ygasifgske

flgaqyhslk
lnaicaqgvip
ghglpvpltp
hdndhgrdrd
arydsdgeks
ispasvasss
pglrpvpgkp
aayaglhnis
gipggkpays
cavtisnptr
llpdgrtliv
vciscesdgn
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iavwdlhngt
grglgqghdft
escvlslkfa
svddkyivtg

SEQ ID NO: 15

lvrgqfqghtd
sqifslgycp
hegkwfvstg
sgdkkatvye

Mouse Grg5 protein

mmfpgsrhsg
aseksemgrh
gggvlgaier
ppslpavsag

sshlpqqlkf
yvmyyemsyg
akqvtapeln
tgllslsalg

SEQIDNO: 16
Human MDM?2 protein

mvrsrgment
kdtytmkevl
ehrkiytmiy
ekpssshlvs
eslalcvire
fsvefevesl
peisladywk
aklenstgae
sgpstsssii
pkngecivhgk

nmsvptdgav
fylgqgyimtk
rnlvvvnqge
rpstssrrra
iccersssse
dsedyslsee
ctscnemnpp
egfdvpdckk
yssgedvkef
tghlmacftc

48

gascidisnd
tgewlavgme
kdnllnawrt
viy

ttsdscdrik
lniemhkgae
siirgglgah
sgthlskedk

ttsgipaseq
rlydekgghi
ssdsgtsvse
iseteensde
stgtpsnpdl
ggelsdedde
lpsheonrewa
tivndsresc
ereetqgdkee
akklkkrnkp

gtklwtggld
nsnvevlhvt

pygasifgsk

defqgllgaqy
ivkrlngica
glsglgalal
nghdgdthge

etlvrpkpll
vycsndllgd
nrchleggsd
lsgergrkrh
dagvsehsgd
vyqvtvygag
lrenwlpedk
veenddkitg
svesslplna

cpvergpigm

PCT/CA2012/000161

ntvrswdlre
kpdkyqlhlh
esssvlscdi

hslklecdkl
qvlpylsgeh
pltplpvglg
ddgeksd

lkllksvgaq
lfgvpsfsvk
qkdlvgelge
ksdsisisfd
wldgdsvsdg
esdtdsfeed
gkdkgeisek
asqgsgesedy
iepcvicggr
ivityfp

SEQID NO: 17
Human MDM2 coding sequence

atggtgaggagcaggcaaatgtgcaataccaacatgtctgtacctactgatggtgctgtaa
ccacctcacagattocagectteggaacaagagaccctggttagaccaaagecattgetttt
gaagttattaaagtctgttggtgcacaaaaagacacttatactatgaaagaggttcttttt
tatcttggccagtatattatgactaaacgattatatgatgagaagcaacaacatattgtat
attgttcaaatgatcttctaggagatttgtttggcgtgccaagcttctctgtgaaagagca
caggaaaatatataccatgatctacaggaacttggtagtagtcaatcageaggaatcatcg
gactcaggtacatctgtgagtgagaacaggtgtcaccttgaaggtgggagtgatcaaaagg
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49

accttgtacaagagcttcaggaagagaaaccttcatettcacatttggtttctagaccate
tacctcatctagaaggagagcaattagtgagacagaagaaaattcagatgaattatctggt
gaacgacaaagaaaacgccacaaatctgatagtatttccetttectttgatgaaagecetgg
ctetgtgtgtaataagggagatatgttgtqaaagaagcagtagcagtgaatctacagggac
gecatecgaatecggatettgatgetggtgtaagtgaacattecaggtgattggttggateag
gattcagtttcagatcagtttagtgtagaatttgaagttgaatctectcgactcagaagatt
atagccttagtgaagaaggacaagaactctcagatgaagatgatgaggtatatcaagttac
tgtgtatcaggcaggggagagtgatacagattcatttgaagaagatcctgaaatttcetta
gctgactattggaaatgcacttcatgcaatgaaatgaatececcccttecatecacattgea
acagatgttgggcecttcgtgagaattggettoctgaagataaagggaaagataaagggga
aatctctgagaaagccaaactggaaaactcaacacaagctgaagagggetttgatgttect
gattgtaaaaaaactatagtgaatgattccagagagtcatgtgttgaggaaaatgatgata
aaattacacaagcttcacaatcacaagaaagtgaagactattctcagecatcaacttetag
tagcattatttatagcagecaagaagatgtgaaagagtttgaaagggaagaaacccaagac
aaagaagagagtgtggaatctagtttgeccecettaatgecattgaaccttgtgtgatttgte
aaggtcgacctaaaaatggttgcattgtcecatggcaaaacaggacatcttatggectgett

tacatgtgcaaagaagctaaagaaaaggaataagccctgeccagtatgtagacaaccaatt
caaatgattgtgctaacttatttececctag
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SEQ ID NO: 18
Mouse Grgl coding sequence

atgttcccgeagagecggeacccaacscegeaccaapetgeaggccagecctttaagticactateceggagtetetggaccggat
taaagaggaattccagticctgcaggepeagtatcacagtcttaaattggagigtgagaaactgpcaagigaaaagacagaaatgc
agaggcactacgtgatgtattatgaaatgtcatatggattaaacattgaaatgcacaaacagactgaaatcgccaagagattgaacac
Cattigtgcccaagacateecatitctgtctcaggaacatcaacaacaggtggeccaggetgtggaacgtgccaaacaggigaccat
ggcagagttgaatgcecatcatcgggoageageagttgeaagetcageatcteteccatggecatggacceccagtacctcteacge
ctcaccettcaggacticagectectggaatcecgeecctegggggeagtgecggecticttgegetgtetagtgetetgagtggge
agtctcactiggeaataaaagatgacaagaagcaccatgatgeagagegecacagagacagagagectggcacgagtaatteect
ctiggtcccagacagectaagaggeacagataagegeagaaatggtceagagttitccagtgacatcaaaaaaaggaaggtgpat
gataaggataactatgacagtgatgggpacaagagtgatgacaacttagtigtggatgtatetaacgaggaccctictictecacatg
Caagccccacacacteaccecgggaaaacggaattgacaaaaaccgictgetgaagaaagatgettcaggtageceggeateca
cagcectectctggaagitceteticectgaaatccaaagaagtgagoctgeatgaaaaagecaacactectgtictgaaatccageac
accgacgecteggagegacatgecaaccecaggeaccagegetactceaggectecgtecaggtotiggcaagectccagecat
ggaaccectigtcaaccaagceageagetggectgaggacgeccetggeagtgectg geccataccetgeccectttgecatgptg
ceccatgegggcatgaacggagagetgaccagecetggtgctgectatgeaggtetacacageatgtctccacagatgagegcetg
cagetgctgeagcetgetgetgetgtggtggectatgggegctececaatggtiggtitigatcctectecicacatgagagtacctteta
teceecocaacctggoaggaatacctgpagggaaaccageatactecticeacgttactgotgatggccaaatgeagectgtteottt
tccccctatgcocctcattggacctggaﬂcccccgacatgctcggcagatcaacaccctcaaccacggggaggtggtgtgcgcag
tgaccatcageaaccccacaaggeacgtgtacacaggtapcaagggotgegttaaggtgtep pacatcagecaccecggeaaca
agagccecgictcteagetggatigictgaatagagataactacatcegaacctgtaaattgetacetgatgactgtactcteatagtg
ggaggggaagecagtactitgtecatttgggacctggeggetceaaceccgegeatcaaggeggagetgacgtecteggecece
gectgetacgeectggecateageccegactecaaggtetgeticteatgetgeagtgacggeaacategeagtgtgggaccigea
Caaccagaccclggtgaggcaaticcagggecacacagacggagecagetgtattgacatitctaatgatggeaccaagetctgga
caggeggtitagacaacactgtgaggicctgggacctgagagaagggcggcagetgeageageatgacttcacttcacagatctic
tetitggpatactgeocaactgggpagtgocttgotgtggacatggaaageageaac gtggaagttcigeatgtgaacaagectga
Caagtaccagctgcacciccacgagagetgegtgctgtecctaaagttigcttatigtg gcaaatggtiigteagtactggasaagata
acctcctcaatgcttggcggaccccctatggagccagcatattccagtccaaagagtcctcgtcagtgcttagctgtgacatctctgtg
gatgamagtacatagtcactggctcgggggacaagaaggctacagtctatgaagtcatctactga

SEQIDNO: 19
Mouse Grg2 coding sequence

atgtaccctecagggaaggcacccgacceegetgeagictg gccagectttcaagtictcagtactggaaatctgigaccggatcaaa
gaggaattccagtttcttcaagctcagtaccacagcctcaagctagaatgtgagaagctggccagcgagaagacagaaatgcaaa

ggcattatgtgatggctgcaccccatcagtgtccccagggtggcaccagctatccacactggccaagactgtctcctttgcagtacta
cgagatgtcctacggactcaacattgagatgcataaacaggctgagattgtgaaacgcctcagtgcgatctgtgcccagatggtccc
gttcctcactcaggagcatcagcagcaggtgctccaggctgtggaccgagccaagcaggtgaccgtgggggaactgaacagcct
cctggggcagcagaatcagctccagccgctgtcccacgcaccccccgtgcctctcaccccgcgcccagccggcctggtgggtgc
C ggggocactgggctgctggccctatctggggcactggctgcgcaggcccagctggtggctgccgtaaaggaagaccgtgtgg

gtgtggacgccgaggggtccagagtggacagagctgccagcaggagttcttccccgtctccccctgagagtctggtggaagagg
accatcccagcagccgaggcggcagtgggaaacagcagagagctgaagacaaggatctgtcagggccttatgacagtgaggaa
gacaagagtgactataacctggtagtggatgaggaccaaccgtcagagccccccagccctgtgaccaccccttgtgggaaggc g



10

15

20

25

30

35

40

45

WO 2012/113061 PCT/CA2012/000161

S5t

ccectetgeaticcigeecgeagggacctcacagacagteeagectecttggectecagtitgggctecaccactccceagaageaa
agacatagccctgaacgatcttcecacaggeacteetgectecaggteatgiggtacetctecaccccaggacicgiccaccecgy
ggccecageteagecagteacctetgecagetggeggetcagecggeageacceacagacageategecctgaggagtecccty
accttgtccagecctttcaccteatccttcagectgggetcccacageacccicaatggggaccictccatgectggctectatgtegg
cciccacctgtcccoccaggicageagetetgieggtatggacgeteacetctgeagatggeattigaatcgeacceecatetecga
goctegtetgtctecttgectggeatecctgtgpctaagecggcttacteettccacgtgtetgeggatggecagatgeagectgtge
ccticcegietgatgetetggtaggcacaggeateectcgecacgeaaggeagetacacacgetggeceacggtgagptgptatet
geegtcaccatcageagetccacacageacgtgtacacaggeggeaaaggatgegtgaagptgtggeacgtoggoccageegg
gragcaagacccetgtggeacagetggattgectgaaccgagacaactacatcegetectgeaagetgetgeccgacgggcaga
gectgattgtaggtgacgaggccagtaccetgtecatitggpacctggeageacccacaccacggatcaaageagagetgactte
gtetgeceeggectgetatgetetggecgtecagteccggacgecaaggtetgetictectgetgeagegacggtaacatcgtggictg
ggacctgeagaaccaggecatggtcagacagttccagggecacacggacggggecagetgeatcgacatatcagactacggga
cceggetgtegactggggecctggacaacactgtgegetgctgggacctgegegaggeecgecageticageageatgacttea
gitcccagatttictcattgggecactgtcccaatcaggactggttggotgtggggatggagageagecacgtggaggtectgcatg
tgcgeaagecigagaagtaccagetccgectceatgagagetgegtgetgteactcaagitecgeticetgtggacgetegtttptga
geacaggcaaggacaacctgctcaatgectggaggacacectatggggecageattiitcagtecaaagaateatetictgtactga
gctgegacatctceaggaataataagtacategipacaggctcaggggacaagaaggecactgtptatgaggtggtotactga

SEQIDNO: 20
Mouse Grg3 coding sequence

atgratccgeaaggceagacatccggeacceeatcaaccegggeagecgggatttaaattcactgtggecgagicetgtgacaggat
caaagacgaattccagticctgcaagetcagiatcacagectcaaagiggagtatgacaagetggcetaacgagaagacggagatg
cagcgcecattatgtgatgtactatgagatgioctatggetigaatatigaaatgeacaageagacagagatigcgaagagactgaaca
caatcctageccagatcatgecttittigtcacaggageatcageageaagiggegeaggetgtegaacgegecaageaggteace
atgacggagtigaacgcecatcatcggggtacgtggactccccaatetgectctcacccageageaactccaggeccageacctete
ccatgecacgeatggteecceggtecagelgecaccecaccegicaggectecagecteetgggaticecceagtgacaggaag
Cagctcigpgtigetggcactiggtgecctgggaagtcaageteactiggeggtgaaggatgagaagaaccaceatgaactggate
acagagagagagagtccageacgaacaattcegtgicacccetctgaaagectccgggecaptgagaageaccggggctetgea
gactacagcatggaagccaagaageggaaggeggaagagaaagacagecicageagatacgatagegatgggeacaagagt
gacgacctggtggtggatgtctctaatgaggacccagwacaccccgggtgagcccagcacactcccctcctgaaaatgggctgg
acaaagcccgtggtetgaagaaagatgeecceaceageccagectecgtggettectecageageacaccticctccaagaccaa
agaccttggtcataatgacaaatcttocacacctgggctcaagtccaacacaccaacgccaagaaatgatgccccaactccaggca
Ccagcaccaccecgggectecggtcaatgeegggeaaacctccaggeatggaccegataggtataatggecteggeectgegaa
cacccatcaccctcaccagetectatccageacecttigecatgatgagecaccacgagatgaatggeteectcaccageccaage
gcctatgetggecotacacaacatcceatcecagatgagegecegeogeagoegetgeagec gecgeclatgeccgatcgecaatg
gtgagctttggagctgttggttttgaccctcaccccccaatgagggccacaggcctgccﬂccagtctcgcctccattcctggaggga
aaccggcatactccttccatgtgagtgctgatgggcagatgcaacctgtgcccttcccccatgatgcactagcaggccctggcattc
ccaggcatgcccggcagatcaatacgctcagccatggagaggtggtatgtgctgtgaccatcagcaaccccacacgacacgtcta
cacaggoggceaagggctgtgigaagatatgggacalcagecagecgggeageaagagteccateicccagetggactgectgaa
cagggacaactacatccgctcgtgcaagcttctcoccgatgggcgcacgctcattgtgggtggtgaggccagcacgctcaccatct
gggacctggcctcacccacaccccgcatcaaggctgagctgacgtcctcggctccagcctgttatgccctggccatcagtcctgat
gccaaagtetgtttticctgetgcage gacggeaacatigcggtitgggatctgcacaaccagacectggteaggeagticecaggge
cacacagatggggccagctgtatagacatctctcatgatggcactaagctgtggaccgggggcctggacaacaccgtgcgctcct
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gggacciacgigaaggacggcagitacagcaacacgatticacctcecagatctteteectgggttactgecceactggggagteg
ctggccgtgggcatggagageageaatgtggaggtectgeaccacactaageccgacaaataccagetgeacctgeacgagag
ctgegtgctgteccteaagticgectatigtggcaagtgsttigtgagcactgggaaagacaaccitctecaatgectggaggacgect
tatggagccagcateticcagtcaaaagaatecteatetgictigagetgtgacatticageggatgacaaatatattgtaacagectct

ggigacaagaaggccacagtitacgaggtcatctactga

SEQ ID NO: 21
Mouse Grg4 coding sequence

atgattcgegacctgageaagatgtaccegeagacgegeeacceggeaccgeatcagectgetcaacceettcaaatitacaatttca
gaatcctgigatcggattaaggaagagtitcagittitacaggeteaataccacagtetgaagetggaatgtgagaagetegecageg
agaagacagagatgcagcggeattatgteatgtatfatgaaatgicetatgggtigaacatagaaatgcacaageaggcagagattg
ttaaacgactaaatgctatctgtgcacaggteattcetitecigiceccaagageaccagcaacaagtggtgcaggoctotggaacggg
ccaagcagptgaccatggeagaactgaacgecatcattgggeaacaactecaagetcageatitatcacatggacatggtetgect
gtgectetgacaccacacecttcagggeticageececagecatcecacetateggtageagtgeaggactictggecetctecagt
geactaggaggteagtcteaccteccaattaaggatgagaagaageaccatgacaatgatcaccaaagagacagagactecatca
agagcteticegtatceccatcagecagtitceggggtictgagaaacataggaactetacagactaticctcagagagcaaaaage
agaaaacagaagaaaaagaaattgcagctcgetatgacagtgatggtgagaagaptgatgacaacttggtagttgatgtetccaat
gaggatccatcticcccccgaggaageccageacattccccaagggagaatggectggacaagacacgactectcaagaaagat
gccecccatcageccegeitetgitgoatcticcageagtactecticctccaaatccaaagagetiagecttaatgaaaagtctactact
cctgtttcaaagtccaataccectactccacgaactgatgeacctacecctggeagtaattctactectggactgaggectgtacetgg
aaagccaccaggtgtggaccecttagcatcaagectgaggacceegatggetgtacctigteeatatecaacceectitgggategt
geeccatgetgggatgaacggagagetgaccagecceggagecgectatgetgggetacacaacatetccecccagatgagtge
agetgeigergeagetgeggcageageagcectatggaagatcacctgtggtgegatttgatccacaccatcacatgegagtgecag
caatacctccaaatctaacaggcaticcaggaggaaaaccageatactectticacgteagtgeegatggecagatgeagectgtee
ctitecccectgatgeccteatiggaccagggatcecccgacacgetcgacagatcaacaccotcaaccatgggeagptggtatot
gcagtgaccatcageaaccecacaaggeacgtglacacaggtggeaagggctgtattaaggtctgggacatcagecaccetggc
aacaagagcccagtetcicagetgpactgtetgaacaggpataactacatcegticetgeagattgetocetgatggtegeaccttaa
ttgttggaggggaagecageacactgtecatetgggacctiggcagetocaaciccacgeatcaaggeagageigacatceicage
ceetgeetgetatgetetggecatcageccegactecaaggtetgetictcatgetgeagegacggtaacaicgeagigtgggatct
Bcacaaccagacictggigaggcaaticcaggggoacacagatggagecagetgtattgacatttctaatgatggcaccaagetet
ggacaggtggtttggacaacactgtgaggtcctgggacctgcgtgaagggcggcagctgcagcaacatgacttcacctctcagat
cttttcattgggctattgcccaactggagagtggcttgcagtggggatggagaatagcaatgtggaagtattgcatgtcaccaaacca
gacaaataccagttgcatcttcatgagagctgtgtgctgtcactcaagtttgcccactgtggcaaatggtttgtaagcactggaaagga
caacclictgaatgcttggaggacgecttatgggeccageatattccagtecaaagaatecteateggtgettagetgtgacatetctg
gatgacaagtacatigtcactggerctggggacaagaaagetacggtttatgaagttatitattaa

SEQIDNO: 22
Mouse Grg$ coding sequence

atgatgtticcgcaaagecggeactegggetccicecaccteccteageageteaagticaccaceteegactoctgtgaccgeate
aaagatgaguiccageigetgeaagegeagtateacagectgaagetggagtgcgacaagetggecagegagaagicagagatg
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cagaggcattac gicatglactatgagatgtcclacggattgaacatcgagatgcacaaacaggeggaaattgtpaagaggctgaat
gggatttgcgcccaggttctgccctatttgtcacaggagcatcagcagcaggtcctgggagccatcgagagagccaagcaggtca
cggctcctgagctgaactccatcatccgacagcagctccaggctcaccagctgtcccagctgcaggcgctggccctgcccctgac
accgctgcctgtcgggctccagccaccgtccctccctgcagtcagtgcaggcacaggcctgctgtcactctctgctctgggttctca
gacocacctctccaaggaggacaagaacggacacgatggggacacccaccaggaggatgacggagagaagtcggattag
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WHAT IS CLAIMED IS:

1. A method for diagnosing lung cancer in a mammal comprising:
providing a biological sample from said mammal;

providing a panel comprising one or more macromolecules, wherein each
macromolecule is a biomarker or specifically binds to a biomarker that is measurabic at a
quantitatively different level in Grgl-expressing transgenic mice than in non-transgenic

mice;

contacting the mammalian biological sample to the panel to determine the level of

expression of said biomarker;

comparing the levels of said biomarker expressed in said mammalian sample to the

levels of said biomarker in a reference sample;

wherein the presence of a quantitatively different level of expression of said biomarker in
said mammalian biological sample compared to said reference sample is indicative of

cancer.

2. The method of claim 1 wherein said reference sample is selected from the group
consisting of a biological sample from a healthy mammal not diagnosed with cancer and
not having increased risk factors for cancer; and a purified biomarker provided at a
concentration level corresponding to the level measured in a biological sample from a
healthy mammal not diagnosed with cancer and not having increased risk factors for

cancer.

3. The method of claim 1 wherein said one or more macromolecule is selected from

the group consisting of antibodies, nucleic acids, proteins and fragments thereof.

4. The method of claim 1 wherein said biomarker is selected from the group consisting
of proteins, mRNA and antibodies.
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5. The method of claim 4 wherein said biomarker is a protein selected from the group
consisting of a Groucho-related protein, Mdm2, Ras, ErbB1, ErbB2 and CyclinD1/D2.

6. The method of claim 4 wherein said biomarker is an mRNA encoding a protein
selected from the group consisting of a Groucho-related protein, Mdm2, Ras, ErbB1, ErbB2
and CyclinD1/D2.

7. The method of claim 4 wherein said biomarker is an autoantibody which
specifically binds to a protein selected from the group consisting of 2 Groucho-related
protein, Mdm?2, Ras, ErbB1, ErbB2 and CyclinD1/D2.

8. The method of claim 1 wherein at least one of the said biomarkers comprises a
Groucho-related protein.
9. The method of claim 1 wherein said panel comprises one or more antibody or

fragment thereof, wherein said antibody specificaily binds to a biomarker protein that is
measurable at a quantitatively different level in Grgl-expressing transgenic mice than in

non-transgenic mice

10.  The method of claim 1 wherein said panel comprises one or more cDNA molecules
or fragment thereof, wherein said cDNA molecules specifically bind to a biomarker mRNA
Or its complementary sequence, wherein said biomarker mRNA or its complementary
sequence is measurable at a quantitatively different level in Grgl-expressing transgenic

mice than in non-transgenic mice.

Il.  The method 10 of claim wherein said method further comprises isolating mRNA
from said mammalian biolegical sample and said reference sample and quantitatively
amplifying said mRNA and producing cDNA.

12.  The method of claim 1 wherein said panel comprises one or more protcin or
fragment thereof that is a biomarker that is measurable at 2 quantitatively different Ievel in

Grgl-expressing transgenic mice than in non-transgenic mice.
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13.  The method of claim | wherein said mammalian biological sample is a fluid sample.

14.  The method of claim 13 wherein said fluid sample is selected from the group

consisting of blood, plasma and serum.

15.  The method of claim 1 wherein said mammatian biological sample and said

reference sample are detectably labeled.

16. A method for identifying a candidate patient responsive to inhibitor chemotherapy
comprising the steps of:

providing a biological sample from said candidate patient;

detecting the presence of expression of a TLE biomarker in the patient biological

sample;

comparing the level of expression of TLE biomarker in the patient biological

sample to the levels of said TLE biomarker in a reference sample; and

identifying the candidate patient as a responsive candidate for HDAC inhibitor
chemotherapy when the TLE biomarker expression in the candidate patient biological

sample is elevated above the level of TLE biomarker in said reference sample.

17. The method of claim 16 wherein said refercnce sample is selected from the group
consisting of a biological sample from a healthy mammal not diagnosed with cancer and
not having increased risk factors for cancer; a purified biomarker provided at a
concentration level corresponding to the level measured in a biological sample from a
healthy mammal not diagnosed with cancer and not having increased risk factors for
cancer; a biological sample from a known non-responsive patient; and a purified biomarker
provided at a concentration level corresponding the level measured in a biological sample

from a known non-responsive patient.

18.  The method of claim 16 wherein the cancer patient has lung cancer.
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19.  The method of claim 16 wherein said expression of TLE biomarker is determined

by measuring TLE protein level or mRNA level.

20.  The method of claim 16 wherein said patient biotogical sample is a fluid sample or

a tissue sample.

21.  The method of claim 20 wherein said fluid sample is selected from the group
consisting of blood, plasma and serum.

22.  The method of claim 20 wherein said tissue sample is lung tissue.

23. A method for monitoring effectiveness of a cancer patient treatment protocol

comprising the steps of:

providing a biological sample from said patient before undergoing said treatment
protocol;

detecting the presence of expression of a TLE biomarker in said pre-treatment

patient sample,

comparing the level of expression of TLE biomarker in said pre-treatment patient
sample to the level of expression of TLE biomarker in a biological sample from said patient

during or after said trcatment, or to the fevels of said TLE biomarker in a reference sample,

wherein a change in the level of expression of TLE biomarker in said post-treatment
patient sample compared to said pre-treatment patient sample, or to a difference in the level
of TLE expression of said post-treatment patient sample compared to said level of TLE

biomarker in said reference sample is indicative of the effectiveness of said treatment.

24.  The method of claim 23 wherein a decreased level of TLE in said post-treatment

patient sample is indicative of effective treatment.
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25.  The method of claim 23 wherein said reference sample is selected from the group
consisting of a biological sample from a healthy mammal not diagnosed with cancer and
not having increased risk factors for cancer; and a purified biomarker provided at a
concentration level corresponding to the level measured in a bioclogical sample from a
healthy mammal not diagnosed with cancer and not having increased risk factors for

cancer.

26.  The method of claim 23 wherein said treatment comprises administering a

therapeutically effective amount of a HDAC inhibitor.
27.  The method of claim 23 wherein the cancer patient has lung cancer.

28.  The method of claim 23 wherein said expression of TLE biomarker is determined

by measuring TLE protein level or mRNA level.

29.  The method of claim 23 wherein said biological sample is a fluid sample or a tissue

sample.

30.  The method of claim 29 wherein said fluid sample is selected from the group

consisting of blood, plasma and serum.
31.  Themethod of claim 29 wherein said tissue sample is lung tissue.

32. A method for monitoring effectiveness of a cancer patient treatment protocol

comprising the steps of:
providing a post-treatment biological sample from said patient;
detectimg the presence of expression of a TLE biomarker in said patient sample;

comparing the level of expression of TLE biomarker in said post-treatment patient

sample to the level of expression of TLE biomarker in a reference sample,
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wherein a difference in the level of TLE expression of said post-treatment patient
sample compared to said level of TLE expression in said reference sample is indicative of
the effectiveness of said treatment.

33.  The method of claim 32 wherein a decreased level of TLE in said post-treatment
patient sample is indicative of effective treatment.

34.  The method of claim 32 wherein said reference sample is obtained from a post-

treatment cancer patient non-responsive to therapy.

35.  The method of claim 32 wherein the cancer patient has lung cancer.

36.  The method of claim 32 wherein said expression of TLE biomarker is determined

by measuring TLE protein level or mRNA level.

37.  The method of claim 32 wherein said biological sample is a fluid sample or 2 tissue

sample.

38.  The method of claim 37 wherein said fluid sample is selected from the group

consisting of blood, plasma and serum.

39.  The method of claim 37 wherein said tissue sample is lung tissue.

40. A method for identifying a cancer patient treatment candidate, comprising steps of:
providing a biological sample from said patient;

detecting the presence of a higher level of TLE biomarker in said patient biological

sampie compared to the levels of said TLE biomarker in a reference sample; and

identifying the cancer patient as a candidate for treating said cancer with the
administration of a therapentically effective amount of a fragment of a Groucho-related

protein,
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41.  The method of claim 40 wherein said reference sample is selected from the group
consisting of a biological sample from a healthy mammal not diagrosed with cancer and
not having increased risk factors for cancer; a purified biomarker provided at a
concentration level corresponding to the level measured in a biological sample from a
healthy mammal not diagnosed with cancer and not having increased risk factors for
cancer; a biological sample from a known non-responsive patient; and a purified biomarker
provided at a concentration level corresponding the level measured in 2 biolagical sample

from a known non-responsive patient.

42, The method of claim 40 wherein said cancer patient has lung cancer.

43.  The method of claim 40 wherein said fragment comprises a Q domain.

44. A method for identifying a cancer patient treatment candidate, comprising steps of:
providing a biological sample from said patient;

detecting the presence of an inactivating APC or beta-catenin mutation in said
patient biological sample; and

identifying the cancer patient having said inactivating APC or beta-catenin mutation
as a candidate for treating said cancer with administration of a therapeutically effective

amount of a Groucho-related protein or a fragment of a Groucho-related protein to said

cancer patient.

45.  Themethod of claim 44wherein the cancer patient has colon cancer.

46.  The method of claim 44wherein said fragment comprises at least a WD40 domain.
47. A method for treating cancer in a mammat, comprising steps of:

administering a therapeutically effective amount of a Groucho-related protein or a

fragment of a Groucho-related protein to said mammal.
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48.  The method of claim 47wherein said cancer is lung cancer.
49.  The method of claim 47wherein said fragment comprises a Q domain.
50.  The method of claim 47wherein said cancer is colon cancer.
51.  The method of claim 47wherein said fragment comprises at least a WD40 domain.
52. A method for treating cancer in a mammal, comprising the steps of:

administering a therapeutically effective amount of a beta-catenin to said cancer.
53.  The method of claim 52 wherein said cancer is lung cancer.

54. A transgenic mouse whose genome comprises a heterozygous, null allele of the
gene encoding APC protein, wherein the Apc gene is truncated at least at codon 1638, and a
hemizygous transgene allele of a Groucho-related gene, and wherein said mouse exhibits

formation of tumors.

55. A method of screening a compound for anti-tumor activity, the method comprising

the steps of:

preparing a transgenic mouse whose genome comprises a heterozygous, null allele
of the gene encoding APC protein, wherein the 4pc gene is truncated at least at codon

1638, and a hemizygous transgenc allele of a Groucho-related gene, and wherein said

mouse exhibits formation of tumors;
treating the prepared transgenic mouse with a candidate compound;

determining a level of the tumor in the transgenic mouse treated with the candidate
compound by measuring the number of tumor cells, volume of the tumor, or tumor cell
viability; and
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identifying the candidate compound as a compound having anti-tumor activity if the
number of the tumor cells or the volume of the tumor has been decreased relative to the
number of tumor cells or volume of the tumor in the transgenic mouse prior to the treatment

with the candidate compound, or if apoptosis of the tumor cells has been induced after the
treatment with the candidate compound.

56. A diagnostic kit comprising ene or more biomarker that is at a quantitatively

different level in Grgl-expressing transgenic mice than in non-transgenic mice.

57.  Thekit of claim 56wherein said one or more biomarker is selected from the group
cousisting of a Groucho-related protein, Mdm?2, Ras, ErbB1, ErbB2 and CyclinD1/D2.

58.  The kit of claim S6wherein at least one biomarker comprises a Groucho-related

protein.

59.  The kit of claim S6wherein said one or more biomarker is provided as a panel of

biomarkers bound to a solid support.
60. A method for identifying markers for non-smafl cell lung cancer comprising:

providing a biological sample from a Grgl-expressing transgenic mouse and a

biological sample from a non-Grgl-expressing mouse;

measuring the expression of biomarkers in said Grgl-expressing transgenic mouse

and said non-Grgl expressing mouse; and,

identifying biomarkers that are expressed at a different level in said samples.

61.  The method of claim 60 wherein said biomarker is selected from the group
consisting of proteins and mRNA.

62.  The method of claim 60 wherein said biological sample is a fluid sample or a tissue

sample.

PCT/CA2012/000161
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63.  The method of claim 62 said fluid sample is selected from the group consisting of

blood, serum and plasma.

64.  The method of claim 62 wherein said tissue sample is lung tissue.

65.  The method of claim 60 said method further comprises contacting said biological

samples with a binding parmer prior to the measuring step.

66.  The method of claim 65 said binding partner is selected from the group consisting

of an antibody, a nucleic acid, a ligand, an aptamer and fragments thereof.

67.  The method of claim 65 wherein said step of identifving comprises detecting
binding to a binding partner.

68.  The method of claim 60 wherein said biological samples are detectably labeled.

69.  The method of claim 65 wherein said step of detecting comprises contacting said
marker-binding partner complex with a second binding partner.

70.  The method of claim 69 wherein said second binding partner is detectably labeled.

71.  The method of claim 60 wherein said method comprises liquid chromatography

analysis and tandem mass spectrometry analysis.

72.  The method of claim 60 wherein the level of biomarker expression is increased in
the Grgl-expressing transgenic mouse as compared to the level of biomarker expression in

the non-Grgl-expressing mouse.

73.  The method of claim 60 wherein the ievel of biomarker expression is decreased in
the Grgl-expressing transgenic mouse as compared to the level of biomarker expression in

the non-Grgl-expressing mousc.
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74.  The method of claim 60 wherein said method further comprises contacting said

samples with DNA prior to the step of comparing the mRNA levels.

75.  The method of claim 60 wherein said method further comprises isolating mRNA

from said samples and quantitatively amplifying said mRNA and producing cDNA.
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Mouse genotype and Wildtype | Wildtype + | Grgl Grgl +
treatment TSA TSA
Mice with tumors visible | 0/6 0/6 5/6 1/6
in serial sections
Average number of 0 0 1.17+/-  [0.33+4/-
lesions +/- SD 0.75 0.82
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C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Categorv* | Citation of document, with indication, where appropriate, of the relevant passages |Relevant to claim No.
Y CLEVERS H. “Wnt/pB-catenin signaling in development and diseases™, 1-15and 40 - 75
Cell 2006, Vol. 127 pages 469 - 480
Y GORDON M. D. AND NUSSE R. “Wat signaling: multiple pathways,

multiple recpetors, and multiple transcription factors™, Journal of
Biological Chemistry 2006, Vol. 281(32) pages 22429 - 22433

Form PCT/ISA/210 (continuation of second sheet) (July 2009)

Page 6 of 8
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Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search
was carried out on the basis of a sequence listing filed or furnished:

a. (means)
[X] on paper

[X] 1 electronic form

b. (time)
[X] 1 the mternational application as filed

[ ] together with the international application in electronic form

[ ] subsequently to this Authority for the purposes of search

2. [ ] In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required statements
that the information in the subsequent or additional copies 1s identical to that in the application as filed or does not go bevond the
application as filed, as appropriate, were furnished.

3. Additional comments :

Form PCT/ISA/210 (continuation of first sheet (1)) (July 2009) Page 2 of 8



INTERNATIONAL SEARCH REPORT International application No.
PCT/CA2012/000161

Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of the first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following
reasons :

1. [X] ClaimNos.: 40-54
because they relate to subject matter not required to be searched by this Authority, namely :
Claims 40 - 53 1s directed to a method for treatment of the human or animal body by surgery or therapy which the International

Search Authority 1s not required to search. However, this Authority has carried out a search based on the alleged effect or
purpose/use of the product defined n claims 47 - 53.

Claim 54 1s directed to a plant or animal variety/varieties which the International Search Authority is not required to search.

2. [ ] Clamm Nos. :

because they relate to parts of the international application that do not comply with the prescribed requirements to such an extent
that no meaningful international search can be carried out, specifically :

3. [ ] Claim Nos. :

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple mventions i this international application, as follows :

I. [ ] Asall required additional search fees were timely paid by the applicant, this international search report covers all

searchable claims.

2. [X] As all searchable claims could be searched without effort justitving additional fees, this Authority did not mvite

pavment of additional fees.

3. [ ] Asonlysome of the required additional search fees were timely paid by the applicant, this mternational search report
covers only those claims for which fees were paid, specifically claim Nos. :

4. [ ] No required additional search fees were timely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it 1s covered by claim Nos. :

Remark on Protest [ | The additional search fees were accompanied by the applicant’s protest and, where applicable,

the payvment of a protest fee.

[ ] The additional search fees were accompanied by the applicant's protest but the applicable protest

fee was not paid within the time limit specified in the invitation.

[ ] No protest accompanied the payment of additional search fees.
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Continuation of BOX III:

Group A - Claims 1 - 15, 47 - 53 and 56 - 59 (all in part) are directed to A method for diagnosing lung cancer in a mammal
comprising providing a panel comprising one or more macromolecule, method of treating cancer in a mammal comprising
administering a therapeutically effective amount of a Groucho-related protein (Grg) or fragment thereof and kits thereof,
wherein each of the biomarkers Grg, Ras, ErbB1, ErbB2, cyclinD1/D2 or combination thereof is viewed To represent a
separate invention;

Group B - Claims 16 - 43 (wholly) are directed to method for identifying a candidate patient responsive to inhibitory
chemotherapy, monitoring effectiveness of cancer patient treatment protocol and identifying a cancer patient treatment
candidate comprising monitoring the expression levels of a TLE biomarker,

Group C - Claims 44 - 46 (all in part) are directed to method of identifying a cancer patient treatment candidate comprising
detecting the presence of an inactivated APC or beta-catenin mutation wherein each of the biomarkers, inactivated APC or
beta-catenin mutation, or combination thereof is viewed To represent a separate invention;

Group D - Claim 54 is directed to transgenic mouse whose genome comprises a heterozygous, null allele of the gene encoding
APC protein, wherein the APC gene is truncated at least at codon 1638;

Group E - Claim 55 is directed to a method of screening a compound for anti-tumor activity comprising preparing a
transgenic mouse whose genome comprises a heterozygous, null allele of the gene encoding APC protein, wherein the APC
gene is truncated at least at codon 1638; and

Group F - Claims 60 - 75 are directed to a method for identifying markers for non-small cell lung cancer comprising
measuring the expression of biomarkers in a Grgl expressing transgenic mouse and a non Grgl expressing mouse and
identifying biomarkers that are expressed at a different level in said sample.

The claims must be limited to one inventive concept as set out in Rule 13 of the PCT.
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