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(57) Abstract: This invention relates to methods assessing resistance or sensitivity of cancer cells and patients to treatment with
brostallicin. The method typically comprises: obtaining a cancer cell sample; assessing the expression of at least one sensitizing
target in the cancer cell sample; determining if expression of the target in the sample is reduced based on a control; and correlating
reduced expression of the target in the cancer cell sample with sensitivity to brostallicin. The invention is also directed to a diag-
nostic kit for assessing sensitivity of a cancer cells to brostallicin. The kit preferably comprises one or more reagents that detect
the level expression of at least one target in the cancer cell sample; and a reporter element that indicates whether the cell sample is
sensitive to brostallicin.
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METHOD OF ASSESSING SENSITIVITY TO BROSTALLICIN

CROSS REFFRENCE TO RELATED APPLICATION
This application claims the benefit of US Provisional Application 61/044,291, filed
April 11, 2008 and US Provisional Application 61/080,774, filed July 15, 2008, which each is

incorporated in its entirety.

FIELD OF THE INVENTION

This invention relates to methods and diagnostic kits for assessing whether or not a
particular cancer patient will respond to a particular drug, more specifically to the drug

brostallicin (PNU-166196).

BACKGROUND OF THE INVENTION

Despite major advances in the fields of genomics and drug discovery technologies,
cancer still kills about 500,000 people per year in the United States. Many new agents with
excellent anticancer properties have emerged recently, but most of them fail during the later
phases of clinical drug development. Part of the problem is that cancer genomes acquire a
variable set of genomic aberrations that are different between cancers. Furthermore, the
impact of specific genetic changes on an individual’s responsiveness to specific cancer drugs
is often unknown. Consequently, current clinical development is largely empirical, lacking
molecular intelligence to guide the development towards responsive populations. This lack of
insight leads to very large, inefficient clinical trials with unfocused populations that
ultimately fail to demonstrate significant therapeutic benefit. Clearly, there is a great need for
molecular intelligence to ensure that the development of promising new drugs are focused on
cancers that will be particularly vulnerable, and on developing the most rational strategies for
drug combinations.

Brostallicin is a synthetic DNA minor groove binder, known to slow the expansion of
tumors by killing cancer cells. It also displays synergism in combination with standard
cytotoxic agents and targeted therapies in preclinical experimental tumor models. Brostallicin
acts by binding covalently to the DNA minor groove, thus interfering with DNA replication.
This mechanism of action ultimately leads to tumor cell death. Not all cancer patients
respond to a treatment with brostallicin, as some are resistant.

In view of the high morbidity and mortality associated with non-responsive cancer

treatments, there is a pronounced need to develop a method and/or diagnostic kit that is able
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to determine which patients will respond to a treatment with brostallicin and which will not.
The present invention meets these needs, allowing the doctor to selectively pick those cancer
patients that will likely respond to treatment with brostallicin from those which should be

treated with an alternative therapy drug, thereby saving money and critical treatment time.

BRIEF SUMMARY OF THE INVENTION

The present invention is based on the discovery that alterations in expression of
certain cancer cell targets can be correlated with resistance or sensitivity to brostallicin
treatments. The inventors discovered that alterations in genes involved in DNA repair, genes
involved in translesion synthesis, and genes involved in histone modification that result in the
reduced expression of the target typically increased sensitivity to the drug brostallicin.

It is an object of the invention to provide a method for assessing sensitivity of a
cancer cell to treatment with a drug, more specifically treatment with brostallicin. It is also
an objective to provide a method of selectively treating cancer patients likely to respond to
treatment with brostallicin. It is still further an objective to provide a diagnostic kit suitable
for assessing whether treatment of a cancer patient with brostallicin would be effective.

The above and other objectives are met using the methods and kits disclosed herein.

In a preferred embodiment, the invention is directed to a method of assessing
sensitivity of a cancer cell to brostallicin. In this embodiment, the method preferably
comprises the steps of obtaining a cancer cell sample and assessing the expression of at least
one target in the cancer cell sample selected from the group consisting of: ATF1, ATR,
BRCA1, BRCA2, CCNG2, EphAS5, GNB4, I1.13RA2, INPP4B, MCL1, MINPP1, MSH2,
NFKBIZ, RAD18, RKHD3, SIAH2, SL.C4A10, STK32B, SUV39H2, TRIM7, VHL, and
WNK3. Typically, the method further comprises the step of determining if expression of the
target in the sample is reduced based on a control; and correlating reduced expression of the
target in the cancer cell sample with sensitivity to brostallicin. In certain embodiments, it is
preferred that at least two targets have reduced expression.

The cancer cell sample can be of any type of cancer, preferably from bladder cancer,
breast cancer, colon cancer, kidney cancer, liver cancer, lung cancer, esophagus cancer, gall
bladder cancer, ovarian cancer, pancreas cancer, stomach cancer, cervical cancer, thyroid
cancer, prostate cancer, skin cancer, leukemia, B-cell lymphoma, T-cell lymphoma,
Hodgkins, lymphoma, non-Hodgkins lymphoma, hairy cell lymphoma, Burkett’s lymphoma,
fibrosacroma, rhabdomyosarcoma, astrocytoma, neuroblastoma, glioma and schwannomas,

melanoma, seminoma, teratocarcinoma, osteosarcoma, xenoderoma pigmentosum,
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keratoctanthoma, thyroid follicular cancer, or Kaposi’s sarcoma. In a preferred aspect, the
cancer sample is breast cancer; ovarian cancer; colon cancer; and pancreatic cancer.

The step of assessing the expression of the target preferably comprises detecting a
genomic aberration that reduces expression of the target; measuring mRNA, and/or
measuring protein. Detecting a genomic aberration can be accomplished using many
techniques; preferably it comprises use of comparative genomic hybridization; array-based
comparative genomic hybridization; detecting an inactivating mutation; PCR; and/or DNA
sequencing. Measuring mRNA typically involves at least one of the following: RTPCR;
microarray analysis; and Northern Blot, whereas measuring protein typically involves at least
one of the following: ELISA; mass spectrometry; and Western Blotting.

Reduction in expression of the target is preferably reduced by at least 60%, more
preferably at least 70%, and even more preferably at least 75% as compared to a brostallicin
resistant control. For example, in one specific embodiment, the expression of the target is less
than 20% and more preferably less than 10% as compared to the brostallicin resistant control.

In a preferred embodiment, a control is used to determine if expression of the target is
reduced. Preferred controls include: brostallicin resistant cells, brostallicin sensitive cells,
lists or databases comprising a log of genomic aberrations that affect expression and/or a log
of expression levels of the target in brostallicin resistant cells and/or brostallicin sensitive
cells.

In another embodiment, the invention is directed to a method of identifying and
treating a cancer patient who may benefit from a treatment with brostallicin drug. The
method preferably comprises the steps of obtaining a cancer cell sample from the patient and
assessing expression of at least one target in the cancer cell sample. Preferably the method
further comprises the step of comparing expression of the target in the cancer cell sample to a
control and/or administering an effective amount of brostallicin to the patient when
expression of the target is reduced based on a control indicating sensitivity to brostallicin. In
a preferred embodiment, the target is ATR, BRCA1, BRCA2, MSH2, RAD18, and VHL

In yet another embodiment, the invention is directed to a diagnostic kit for assessing
sensitivity of a cancer cell to brostallicin. The kit preferably comprises one or more reagents
that detects the level of expression of at least one target in the cancer cell sample selected
from the group consisting of: ATF1, ATR, BRCA1, BRCA2, CCNG2, EphAS, GNB4,
IL13RA2, INPP4B, MCL1, MINPP1, MSH2, NFKBIZ, RAD18, RKHD3, SIAH2,

SLC4A10, STK32B, SUV39H2, TRIM7, VHL, and WNK3. The kit typically further

comprises a reporter element. The reporter element preferably visually indicates whether
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expression of the target in the sample is reduced compared to a control indicating sensitivity
to brostallicin. The report element, for example, can be a hybridization probe capable of
hybridizing to polynucleotides corresponding to target genes and reagents for detecting
hybridization. In another embodiment, the reporting element comprises antibodies capable of
specifically binding protein products of pre-selected targets and reagents for detecting
antibody binding.

Aspects and applications of the invention presented here are described below in the
drawings and detailed description of the invention. Unless specifically noted, it is intended
that the words and phrases in the specification and the claims be given their plain, ordinary,
and accustomed meaning to those of ordinary skill in the applicable arts. The inventors are
fully aware that they can be their own lexicographers if desired. The inventors expressly
elect, as their own lexicographers, to use only the plain and ordinary meaning of terms in the
specification and claims unless they clearly state otherwise and then further, expressly set
forth the “special” definition of that term and explain how it differs from the plain and
ordinary meaning. Absent such clear statements of intent to apply a “special” definition, it is
the inventors’ intent and desire that the simple, plain and ordinary meaning to the terms be
applied to the interpretation of the specification and claims.

The inventors are also aware of the normal precepts of English grammar. Thus, if a
noun, term, or phrase is intended to be further characterized, specified, or narrowed in some
way, then such noun, term, or phrase will expressly include additional adjectives, descriptive
terms, or other modifiers in accordance with the normal precepts of English grammar. Absent
the use of such adjectives, descriptive terms, or modifiers, it is the intent that such nouns,
terms, or phrases be given their plain, and ordinary English meaning to those skilled in the

applicable arts as set forth above.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

A more complete understanding of the present invention may be derived by referring
to the detailed description when considered in connection with the following illustrative
figures.

FIGS. 1A-C show (A) ATR in A2780 wt; (B) ATR in A2780 cis; and (C) a western
blot of expression of ATR. ATR is a brostallicin sensitizer. All four siRNA’s appear to knock
down the protein relative to the scrambled control in both the parental and cisplatin resistant

A2780 cell lines.
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FIGS. 2A-C show (A) BRCAT in A2780 wt; (B) BRCAL cis; and (C) a western blot
of expression of BRCAT, a brostallicin sensitizer.

FIGS. 3A-C show (A) MSH2 in A2780 wt; (B) MSH2 in A2780 cis; and (C) a
western blot of expression of MSH2. MSH2 — a Brostallicin sensitizer in ovarian cancer cells.
All four siRNA’s appear to knock down the protein relative to the scrambled control in both
the parental and cisplatin resistant A2780 cell lines. The knockdown seems to be more
variable between siRNA’s in the A2780 parental line, while the knockdown in the cisplatin
resistant line is more uniform among the 4 siRNA’s. The antiproliferative studies, MSH2
siRNA B and C demonstrated a greater effect in the cisplatin resistant cell line.

FIGS. 4A-B show (A) BRCA2 in A2780 wt and (B) BRCA2 in A2780 cis.

FIGS. 5A-B show (A) VHL in A2780 wt and (B) VHL in A2780 cis.

FIG. 6 shows ATR in MDA-MB-231.

FIG. 7 shows MSH2 in MDA-MB-231.

FIG. 8 shows MCLI in BT474.

FIG. 9 depicts COMPARE graphs of G150 values from two independent experiments
from NCI Development Therapeutics Program. Horizontal bar length (left=resistant and right
=sensitive) is proportional to the sensitivity of cell line to brostallicin relative to the mean of
all cell lines.

FIG. 10 shows a correlation analysis between two NCI-60 Brostallicin experiments.
A quantitative comparison of the two runs was conducted to illustrate concordance to cell line
response with a correlation between runs of 0.82.

FIG. 11 shows a list of selected sensitive and resistant cell lines in response to
brostallicin. Designation of response categories were chosen by identifying splits within the
GI50 response data that resulted in at least one order of magnitude between the two response
categories.

FIGS. 12A-B depict Differential Gene Expression Between Sensitive and Resistant
Cell Lines. (A) Listing of differentially expressed probe sets. A random-variance t-test was
used to identity differentially expressed genes between the two classes of cell lines identified
in FIG. 11. A stringent significance threshold (p<0.001) was used to limit the number of
false positive findings. (B) Hierarchical clustering of differentially expressed genes. The
statistically significant genes were clustered across all cell lines for visualization of their
expression across the full NCI-60 cell line panel. The cell lines coded in green belong to the

sensitive class used for differential gene expression analysis and the red coded cell lines
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belonging to the resistant class. The black coded cell lines were not used in the original class
comparison gene expression analysis.

FIGS. 13A-C is a Gene Set Enrichment Analysis (GSEA) of Brostallicin Response in
NCI-60. (A) Top 20 Gene Sets. GSEA was performed on the NCI-60 (U133A/B RMA)
gene expression data using the average GIS0 response data as a correlation ranking metric.
The database of gene sets was composed of a ‘high-quality annotated’ set of Gene Ontology
categories in the biological process, molecular process and cellular component categories.
The top twenty gene sets correlated with sensitive cell lines (top) and resistant cell lines
(bottom). We observed a number of gene sets associated with DNA repair mechanisms were
correlated to brostallicin sensitivity. These sets are highlighted in yellow. (B) Representative
Enrichment Plot and Heat-Map. This is an example enrichment plot for the nucleotide-
excision repair GO category. A heat map representation of the genes in the category and
displaying their respective expression levels is illustrated below the enrichment plot. (C)
Leading Edge Analysis. Enrichment gene sets scored in GSEA analysis often contain a sub-
set of genes that drive the enrichment toward the correlated phenotype/class. Given the
number of sets in DNA repair categories that correlate with brostallicin sensitivity a leading
edge analysis was performed to identify those genes (top) that are driving the gene set
enrichment. This type of strategy was additionally applied to identify supplemental genes for
siRNA library. The interactions between the DNA repair leading edge genes is illustrated in
direct interaction network constructed in the MetaCore pathway database tool (GeneGO).

FIGS. 14A-D is a GSEA Analysis of Brostallicin and Additional Minor Groove
Binding Agents. Three additional minor groove binding (MGB) agents, with appropriate
NCI-60 response vectors, were chosen and submitted to GSEA analysis using the GO gene
set library as in FIG. 12. (A) Hierarchical clustering of GO gene set enrichments. The
normalized enrichment score (NES) for each MGB agent was used for hierarchical clustering
(correlation, average linkage) after the application of variance filter to minimize unchanged
GO sets. The red color in the heat map represent those gene sets that are correlated with
MGB resistance and blue represent those associated with MGB sensitivity. (B) GO
categories enriched for brostallicin sensitivity. This is an enlarged portion of the total
dendrogram that highlights those GO categories that are specific for brostallicin sensitivity
compared to the other MGB agents. Note the presence of glutathione transferase activity
which is in line with the brostallicin mechanism of action. (C) GO categories enriched for
brostallicin resistance. Enlarged portion of the total dendrogram corresponding to those GO

categories that are preferentially associated with brostallicin resistance. One potential
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interesting signaling category, JAK-STAT Cascade is highlighted. (D) GO categories
enriched for Yondelis resistance. Enlarged portion of the total dendrogram corresponding to
those GO categories that are preferentially associated with Yondelis resistance. Inspection of
these GO categories highlight differences in the possible mechanism of action of Yondelis
compared to that of other agents such as brostallicin.

FIGS. 15A-D shows the High Throughput RNAi Screen Results. (A) Work flow for
the Brostallicin sensitizer identification. (B) Heat map of raw data for all 270 384-well plates
in HTS. (C) Plate uniformity measure by CV in the controls wells, using the buffer-only
controls. (D) Plate-to-plate variation and drug effects across the whole screen measured by
the raw data from in each plate.

FIGS. 16A-D is an Enrichment Analysis of Brostallicin siRNA Confirmation Data.
(A-C) Gene ontology analysis. GO analysis was performed to highlight specific molecular
concepts, in the form of gene ontology categories, that are enriched in the brostallicin siRNA
confirmation list. Briefly, the confirmation list from the HT-RNAIi screen was interrogated
via GoMiner (discover.nci.nih.gov/gominer/) and results visualized with the VennMaster
utility. (A) represents those gene ontology categories enriched (p<0.05) in all three gene
ontology categories. (B) are those enriched categories in the biological process category and
(C) represents those enriched in the cellular component category. (D) Pathway Enrichment
Analysis. A complementary enrichment analysis was performed to identify those specific
pathways that are enriched in the brostallicin siRNA confirmation list. The analysis was
performed in the MetaCore database (GeneGO) using the GeneGO processes data set.

FIGS. 17A-B show potential sensitizers for Brostallicin. siRNA against potential
sensitizers (BRCA1 & BRCAZ2) were reversed transfected into A2780 cisplatin-resistant cell
line followed by treatment with 6 different concentrations (specified on X-axis) of
Brostallicin. After 96hr of drug treatment, cell viability was measured using CellTiter Glo.
IC50 was calculated for each siRNA as well as GFP siRNA control by Prism 5 (GraphPad).

FIG. 18 shows a schematic of the DNA repair associated hits in the brostallicin
siRNA screen. Brostallicin sensitivity hits in grey and bolded. That ATR/RAD18 hits are
intimately associated with a DNA repair process called translesion synthesis (TLS). TLS is a
mechanism during DNA replication in which the standard DNA polymerase is temporarily
exchanged for a specialized polymerase that can synthesize DNA across base damage on the
template strand. TLS activity has been associated with repairing lesions from monofuntional
alkylators (nitrosourea compounds, temozolomide) and bifunctional alkylators (mito C,

CDDP). Targeting of CHEKI1 is one strategy to inhibit TLS to increase sensitivity to
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brostallicin. Inhibiting CHEK1 would reduce stabilization of claspin which will inhibit
RAD18 complex binding to chromatin. RAD 18 ubiquitinates PCNA creating a permissive
environment for polymerase exchange to allow synthesis through sites of damage.

FIG. 19 shows the translesion synthesis pathway with the brostallicin hits in gray and
bold.

DETAILED DESCRIPTION OF THE INVENTION

In the following description, and for the purposes of explanation, numerous specific
details are set forth in order to provide a thorough understanding of the various aspects of the
invention. It will be understood, however, by those skilled in the relevant arts, that the present
invention may be practiced without these specific details. In other instances, known structures
and devices are shown or discussed more generally in order to avoid obscuring the invention.
In many cases, a description of the operation is sufficient to enable one to implement the
various forms of the invention. It should be noted that there are many different and alternative
configurations, devices and technologies to which the disclosed inventions may be applied.
The full scope of the inventions is not limited to the examples that are described below.

As described above, in one embodiment, the invention is directed to a method of
assessing sensitivity of a cancer cell to brostallicin. The expression of one or more targets in a
cancer cell is typically assessed and reduced expression of those targets is correlated with
and/or indicative of sensitivity to brostallicin treatments. Positive expression of one or more
of the targets may also be correlated with resistance to brostallicin in certain embodiments.
Another aspect of the invention comprises assessing the expression of one or more targets in
a tumor from a patient, correlating reduced expression of the gene with resistance to
brostallicin, and treating the patient with brostallicin if there is reduced expression of the
target or targets.

As used herein, a “target” includes any molecular structure produced by a cell and
expressed inside the cell, on the cell surface, or secreted by the cell. Targets include proteins,
lipids, carbohydrates, nucleic acids including RNA molecules and genomic DNA sequences,
genes, subcellular structures, catalytic sites, or any combination of these such as an enzyme,
glycoprotein, cell membrane, virus, cell, organ, organelle, or other any other unimolecular or
multimolecular structure now known or yet to be disclosed whether alone or in combination.
Preferably the target relates to genes involved in DNA repair, genes involved in translesion
synthesis, and genes involved in histone modification. Specific, illustrative examples of

preferred targets include, but are not limited to one or more of the following: ATF1, ATR,
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BRCA1, BRCA2, CCNG2, EphAS5, GNB4, I1.13RA2, INPP4B, MCL1, MINPP1, MSH2,
NFKBIZ, RAD18, RKHD3, SIAH2, SL.C4A10, STK32B, SUV39H2, TRIM7, VHL, and
WNK3, either alone or in combination.

“Expression” includes all processes through which a target may be produced.
Expression thus includes RNA transcription, mRNA splicing, protein translation, protein
folding, post-translational modification, membrane transport, associations with other
molecules, addition of carbohydrate moieties to proteins, phosphorylation, protein complex
formation, lipid synthesis and any other process along a continuum that results in biological
material. Expression also encompasses all processes through which the production of material
derived from a nucleic acid template may be actively or passively suppressed. Such processes
include all aspects of transcriptional and translational regulation. Examples include
heterochromatic silencing, transcription factor inhibition, any form of RNAI silencing,
microRNA silencing, alternative splicing, protease digestion, post-translational modification,
and alternative protein folding.

Expression may be assessed by any number of methods used to detect material
derived from a nucleic acid template used currently in the art and yet to be developed.
Examples of such methods include any nucleic acid detection method including the following
nonlimiting examples, microarray analysis, RNA in situ hybridization, RNAse protection
assay, Northern blot, reverse transcriptase PCR, quantitative PCR, quantitative reverse
transcriptase PCR, quantitative real-time reverse transcriptase PCR, nucleic acid sequencing,
or any other method of detecting a specific nucleic acid, whether or not such method is now
known or yet to be disclosed. Other examples include any process of detecting expression
that uses an antibody including the following nonlimiting examples, flow cytometry,
immunohistochemistry, ELISA, Western blot, and immunoaffinity chromatograpy.
Antibodies may be monoclonal, polyclonal, or any antibody fragment including an Fab,
F(ab),, Iv, scFv, phage display antibody, peptibody, multispecific ligand, or any other
reagent with specific binding to a target. Such methods also include direct methods used to
assess protein expression including the following nonlimiting examples: HPLC, mass
spectrometry, protein microarray analysis, PAGE analysis, isoelectric focusing, 2-D gel
electrophoresis, and enzymatic assays. Samples from which expression may be detected
include single cells, whole organs or any fraction of a whole organ, whether in vitro, ex vivo,
in vivo, or post-mortem.

The concept of assessing the expression of a target further encompasses the

observation of a condition that indicates reduced or positive expression without direct
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measurement of a gene product. In one nonlimiting example, the observation of one or more
aberrations of genomic DNA would indicate the lack/reduction of expression of a target
encoded by that particular genomic sequence. Such aberrations include point mutations,
frameshift mutations, deletions (including interstitial or homozygous deletions,) gene fusions,
translocations, inversions, or any chromosomal and/or genomic change that results in reduced
expression. This concept also encompasses positive expression that may be observed by
genomic amplifications, which may include the presence of multiple copies of one or more
genetic loci, whole chromosomes, or any part of a chromosome within a cell. Positive
expression of a target typically is indicative of brostallicin resistance, whereas reduced
expression of the target is indicate of brostallicin sensitivity.

Other methods used to assess expression include the use of natural or artificial ligands
capable of specifically binding a target. Such ligands may that constitutes a target that may be
specifically bound by a ligand. Such ligands include antibodies, antibody complexes,
conjugates, natural ligands, small molecules, nanoparticles, or any other molecular entity
capable of specific binding to a target. Ligands may be associated with a label such as a
radioactive isotope or chelate thereof, dye (fluorescent or nonfluorescent,) stain, enzyme,
metal, or any other substance capable of aiding a machine or a human eye from
differentiating a cell expressing a target from a cell not expressing a target. Additionally,
expression may be assessed by monomeric or multimeric ligands associated with substances
capable of killing the cell. Such substances include protein or small molecule toxins,
cytokines, pro-apoptotic substances, pore forming substances, radioactive isotopes, or any
other substance capable of killing a cell.

While a specific target may be identified by a nucleic acid sequence such as a
chemical formula or cDNA, mRNA, or protein sequence, the specific target is not limited to
the products of that exact formula or sequence. For example, a specific target identified by a
nucleic acid sequence encompasses all sequences that, when expression is assessed, yield
positive expression when assessed by the same method as the specific target. The following
nonlimiting example is included to illustrate this concept: if expression of a specific target in
a sample is assessed by immunohistochemistry, and if the sample expresses a sequence
different from the sequence used to identify the specific target (e.g. a variation of one or more
nucleic acid molecules,) but positive expression is still determined, then the specific target
encompasses the sequence expressed by the sample.

Positive expression includes any difference between a cell expressing a specific target

and a cell that does not express a specific target. The exact nature of positive expression

10
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varies by the method, but is well known to those practicing a particular method. Positive
expression may be assessed by a detector, an instrument containing a detector, or by aided or
unaided human eye. Examples include but are not limited to specific staining of cells
expressing a target in an IHC slide, binding of RNA from a sample to a microarray and
detection by an instrument capable of detecting the binding to said microarray, a high rate of
dye incorporation in real-time RTPCR, detection of fluorescence on a cell expressing a target
by a flow cytometer, the presence of radiolabeled bands on film in a Northern blot, detection
of labeled blocked RNA by RNAse protection assay, cell death measured by apoptotic
markers, cell death measured by shrinkage of a tumor, or any other method by which
expression may be observed now known or yet to be disclosed.

In some aspects of the invention, reduced expression constitutes a lack of positive
expression. In one example, reduced expression corresponds to the lack of a significant
difference between a cell in which expression of a particular target is being assessed and a
control cell known not to express the particular target. The concept of reduced expression
further encompasses insufficient expression to reach or exceed a threshold, cutoff, or level
that results in a particular cellular or physiological response. For example, reduced expression
may include the expression of a particular target in a test cell that would be positive
expression relative to a control cell known not to express the target. However, because the
expression of the target in the test cell is insufficient to cause a particular physiological
response (e.g. rendering the cell sensitive to a particular drug) the expression in the test cell
may still be classified as reduced expression. Similarly, the concept of positive expression
also encompasses expression that exceeds a threshold, cutoff or level sufficient to cause a
physiological response.

In certain embodiments, it may be useful to compare the expression level of the target
to a control. Preferably, the control may be a measure of the expression level of target, in a
quantitative form (e.g., a number, ratio, percentage, graph, etc.) or a qualitative form (e.g.,
band intensity on a gel or blot, etc.). A variety of controls may be used. Levels of the target
expression from a brostallicin resistant cell or brostallicin sensitive cell may be used as a
control as well. Still other controls may include expression levels present in a database (e.g.,
a table, electronic database, spreadsheet, etc.) correlated with known expression levels of the
target expression for brostallicin resistance cells and/or brostallicin sensitive cells. Preferably
reduced expression of the target, as used herein, means expression that is less than the
expression of the target in a control known to be resistant to brostallicin and/or expression

that is substantially the same or less than a brostallicin sensitive control. Non-limiting
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examples of a suitable control, include for instance, the brostallicin resistant and sensitive cell
lines listed in FIG. 11. A brostallicin sensitive cell is a cell that is sensitive to treatment with
brostallicin such that, for example, it is able to inhibit growth and/or proliferation of the
cancer cells.

In still another embodiment, the control is a list and/or database of known conditions
that reduce expression of the target. For example, the control may be a list of point mutations,
frame shift mutations, deletions, gene fusions, translocations, or inversions that affect the
expression of the target. In a preferred embodiment, the control is a mutation known to
reduce expression of the target and thereby induce sensitivity to Brostallicin. In this
embodiment, detection of the mutation in the cell sample would indicate reduced expression
and thus sensitivity to brostallicin.

The invention contemplates assessing the expression of the target in any biological
sample from which the expression may be assessed. One skilled in the art would know to
select a particular biological sample and how to collect said sample depending upon whether
or not expression of germline DNA, tumor DNA, mRNA, or any form of protein is assessed.
Examples of sources of samples include but are not limited to biopsy or other in vivo or ex
vivo analysis of prostate, breast, skin, muscle, facia, brain, endometrium, lung, head and neck,
pancreas, small intestine, blood, liver, testes, ovaries, colon, skin, stomach, esophagus,
spleen, lymph node, bone marrow, kidney, placenta, or fetus. In some aspects of the
invention, the sample comprises a fluid sample, such as peripheral blood, lymph fluid,
ascites, serous fluid, pleural effusion, sputum, cerebrospinal fluid, amniotic fluid, lacrimal
fluid, stool, or urine.

The invention further encompasses kits that facilitate assessing the expression of a
target. Such kits will contain one or more reagents that indicate the presence of the target.
Contents of such a kit may include one or more of the following alone or in combination: one
or more oligonucleotide primers capable of hybridizing to sequences within the target which
may be further optimized for use in a PCR based method, an antisense probe to all or part of
target sequence, a ligand with specificity to the target mRNA, protein or other measurable
gene product, labels, buffers, or any other reagent that may be useful in a method that
assesses the expression of a target whether now known or yet to be disclosed. In one
embodiment, the method and kit are designed to effectively observe one or more aberrations
of genomic DNA that indicate/correlate with the reduction of expression of a target encoded

by that particular genomic sequence.
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Cancer cells include any cells derived from a tumor, neoplasm, cancer, precancer, cell
line, or any other source of cells that have the potential to expand and grow to an unlimited
degree. Cancer cells may be derived from naturally occurring sources or may be artificially
created. Cancer cells may also be capable of invasion into other tissues and metastasis when
placed into an animal host. Cancer cells further encompass any malignant cells that have
invaded other tissues and/or metastasized. One or more cancer cells in the context of an
organism may also be called a cancer, tumor, neoplasm, growth, malignancy, or any other
term used in the art to describe cells in a cancerous state.

Examples of cancers that could serve as sources of cancer cells include solid tumors
such as fibrosarcoma, myxosarcoma, liposarcoma, chondrosarcoma, osteogenic sarcoma,
chordoma, angiosarcoma, endotheliosarcoma, lymphangiosarcoma,
Iymphangioendotheliosarcoma, synovioma, mesothelioma, Ewing's tumor, leiomyosarcoma,
rhabdomyosarcoma, colon cancer, colorectal cancer, kidney cancer, pancreatic cancer, bone
cancer, breast cancer, ovarian cancer, prostate cancer, esophageal cancer, stomach cancer,
oral cancer, nasal cancer, throat cancer, squamous cell carcinoma, basal cell carcinoma,
adenocarcinoma, sweat gland carcinoma, sebaceous gland carcinoma, papillary carcinoma,
papillary adenocarcinomas, cystadenocarcinoma, medullary carcinoma, bronchogenic
carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, choriocarcinoma,
seminoma, embryonal carcinoma, Wilms' tumor, cervical cancer, uterine cancer, testicular
cancer, small cell lung carcinoma, bladder carcinoma, lung cancer, epithelial carcinoma,
glioma, glioblastoma multiforme, astrocytoma, medulloblastoma, craniopharyngioma,
ependymoma, pinealoma, hemangioblastoma, acoustic neuroma, oligodendroglioma,
meningioma, skin cancer, melanoma, neuroblastoma, and retinoblastoma.

Additional cancers that may serve as sources of cancer cells include blood borne
cancers such as acute lymphoblastic leukemia ("ALL,"), acute lymphoblastic B-cell
leukemia, acute lymphoblastic T-cell leukemia, acute myeloblastic leukemia ("AML"), acute
promyelocytic leukemia ("APL"), acute monoblastic leukemia, acute erythroleukemic
leukemia, acute megakaryoblastic leukemia, acute myelomonocytic leukemia, acute
nonlymphocyctic leukemia, acute undifferentiated leukemia, chronic myelocytic leukemia
("CML"), chronic lymphocytic leukemia ("CLL"), hairy cell leukemia, multiple myeloma,
Iymphoblastic leukemia, myelogenous leukemia, lymphocytic leukemia, myelocytic
leukemia, Hodgkin's disease, non-Hodgkin's Lymphoma, Waldenstrom's macroglobulinemia,

Heavy chain disease, and Polycythemia vera.
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Expansion of a cancer cell includes any process that results in an increase in the
number of individual cells derived from a cancer cell. Expansion of a cancer cell may result
from mitotic division, proliferation, or any other form of expansion of a cancer cell, whether
in vitro or in vivo. Expansion of a cancer cell further encompasses invasion and metastasis. A
cancer cell may be in physical proximity to cancer cells from the same clone or from different
clones that may or may not be genetically identical to it. Such aggregations may take the
form of a colony, tumor or metastasis, any of which may occur in vivo or in vitro. Slowing
the expansion of the cancer cell may be brought about either by inhibiting cellular processes
that promote expansion or by bringing about cellular processes that inhibit expansion.
Processes that inhibit expansion include processes that slow mitotic division and processes
that promote cell senescence or cell death. Examples of specific processes that inhibit
expansion include caspase dependent and independent pathways, autophagy, necrosis,
apoptosis, and mitochondrial dependent and independent processes and further include any
such processes yet to be disclosed.

In some aspects of the invention, inhibition of the expansion of the cancer cell is
achieved through the use of an outside agent applied to the cancer cell for the purpose of
slowing the expansion of the cancer cell. Such agents include natural or synthetic ligands,
blockers, agonists, antagonists, or activators of receptors, immune cells such as CD8+ T cells,
viruses, inhibitors of gene or protein expression such as siRNA or miR’s, small molecules,
pharmaceutical compositions, or any other composition of matter that when administered to
the cancer cell would result in the slowing of the expansion of the cancer cell. The concept of
agents that slow the expansion of a cancer cell encompasses restricting access to any natural
or artificial agent necessary for cell survival including necessary nutrients, ligands, or cell-
cell contacts. Examples of such agents and conditions include treatment with antiangiogenic
inhibitors. In some aspects of the invention, the agent that slows the expansion of the cancer
cell includes a compound that binds in the minor groove of a DNA molecule. In still further

aspects of the invention the agent of choice is brostallicin.

EXAMPLES
Elements and acts in the example are intended to illustrate the invention for the
sake of simplicity and have not necessarily been rendered according to any particular
sequence or embodiment. The example is further intended to establish possession of the

invention by the Inventors.
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Example 1

A high throughput screen was completed using A2780cis cells against Qiagen’s
Human Druggable v2.0 siRNA library (the operations manual of which is hereby
incorporated by reference in its entirety). The library contains approximately 14,000
individual siRNA sequences covering approximately ~7000 genes. In conjunction with the
transfection of the cells with siRNA, the cells were also treated with six different doses of
Brostallicin to identify targets that augment the activity the drug. After the initial analysis of
results, a total of 400 targets were identified. In addition, 19 targets were selected from the
control plates included in the HTS. In the subsequent analysis, four siRNA sequences (A
through D) were hit-picked and printed onto assay plates. This was followed by confirmation
assays in both A2780 and A2780cis cell lines that were expanded to 8 drug doses of
Brostallicin. (Table 1). Two experimental replicates were performed using the same

techniques from the HTS.

Table 1. Drug Concentrations of BROSTALLICIN used in the Confirmation Assays

BROSTALLICIN Treatment A2780wt A2780cis
Target Growth
Inhibition (GI) Value M M
Dose 1 Gl 0.0000 (DMSO Vehicle) 0.0000 (DMSO Vehicle)
Dose 2 Gl 0.0000 (DMSO Vehicle) 0.0000 (DMSO Vehicle)
Dose 3 Glyo 0.003 0.003
Dose 4 Gls 0.010 0.010
Dose 5 Gl 0.030 0.030
Dose 6 Glzs 0.065 0.065
Dose 7 Glsp 0.135 0.135
Dose 8 Glyo 0.265 0.265

Genes with a minimum of two (>2) sequences that demonstrated Brostallicin
sensitization in both experimental replicates were considered a confirmed HTS hit. A total of
148 confirmed hits (siRNA sequences) targeting 59 genes were identified in the A2780cis
cell line during the confirmation step (Table 2). These hits were also tested in the A2780wt
cells, although fewer of these hits were validated in this cell line (FIGS. 1-5 and Table 2).
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Table 2. List of validated potential sensitizers from HTS in A2780 and A2780cis Cells

GENE #siRNA _validated_A2780 #runs_confirmed_A2780 #siRNAs_confirmed_A2780
cis WwWT WwWT

ABCCS

ABCF3

ARH

ATF1

ATR

BRCAI

BRCA2

CCNG2

CTDP1

DKFZp5660084

EHMT1

EPHAS

FOLR1

GNB4

R = [ =[O |W [ O[O

IFITM1

1IL13RA2

—_

IL28RA

o
*

INPP4B

o

LPAL2

—_
*

MASP2

—_

MCL1

—_

MGC1136

w

MINPP1

—_
*

MMP28

o
*

MSH2

NFKBIZ

NPHP1

NYD-SP25

B jww|o

PPP1R3B

PVRI2

—_
*

RADI18

RAIl

RKHD3

RTN41P1

SAP18

SET7

SH3GL1

SIAH2

SIPA1

SLC25A2

SLC4A10

SNAI2

STAT2

STK32B

SUV39H2

TBL1XR1

TCFLA

TINAG

TKTL1

TNFRSF11A

TNN

TRIM7

TUBA3

O D | [ [ [ D O [ D [ [ [0 [ DI [ DO [ [ | D | DI [ DO [ [ D [0 [ [ DD | D [ [ D [ DD [ D [ DD [ DI [ D [ [ [ D [ D[ D [ DD [ DO [ [ D | D [ [ [ D DI [ DO [ DI | = | D | o [ DD [ o
=N =D = (= (= = [ = [ = [ [ = (= (= [ O[O = [ = [ = | = [ = [ = = [N [= [ [O | = [ = [ = =[O =[O O

HHJ;H»—I»—I»—I»—IJ;UJM»—IN*J;J;HHOHOHJ;HH

VHL
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GENE #siRNA _validated_A2780 #runs_confirmed_A2780 #siRNAs_confirmed_A2780
cis WwWT WwWT
WNK3 4 2 1
YAF2 3 1 1
YEATS4 2 0 0
ZNRF2 2 2 1
ZW10 2 1 1

* indicates not the same siRNA

In order to identify any cell line specific Brostallicin potentiators, 18 genes were

prioritized from the validated 59-gene list involved in DNA repair and chromatin remodeling

pathways (Table 3). These genes would be further validated in two breast cancer cell lines,

BT474 and MDA-MB-231. The two breast cancer cell lines were extensively characterized

with siRNA transfection and sensitivity to Brostallicin. Four siRNAs per target were hit

picked and the study was carried out with 6 different drug doses of Brostallicin for each cell

line. Two biological repeats were performed for each cell line for the validation experiment,

and only genes with a minimum of two (>2) sequences that demonstrated brostallicin

sensitization in both experimental replicates were considered a validated hit. Out of the 18
genes tested, only 3 genes (ATR, MSH2, and MCL1) are validated in MDA-MB-231 and 2
genes (ATR & MCL1) are validated in BT474 (Table 3 and FIGS. 1-8).

Table 3. List of validated genes in ovarian and breast cancer cell lines

GENE #siRNA_validated_A2780 cis #siRNAs_confirmed #siRNA_validated #siRNA_validated
A2780 WT MDA-MB231 BT474
ABCC5 3 0
ABCF3 2 2
ATF1 2 0
ATR 4 2 4 4
BRCA1 2 1
BRCA2 2 3 1 1
EHMT1 3 2
FOLR1 2 1
GNB4 3 4
MCIL1 3 1 2
MSH2 2 2 1
RADIS 2 1
SAP18 2 0
SET7 3 1
STAH2 2 1
SUV39H2 4 3
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GENE #siRNA _validated_A2780 cis #siRNAs_confirmed #siRNA _validated #siRNA _validated
A2780 WT MDA-MB231 BT474
VHL 1 1 0
ZNREF2 1

10

Example 2

The Inventors identified three general classes of target molecules involved in the

sensitization of cells to brostallicin from the hits identified from the siRINA screen studies:

genes involved in DNA repair, genes involved in translesion synthesis, and genes involved in

histone modification (see Table 4).

Table 4. List of Brostallicin sensitizing targets found to be mutated in human cancer

tissues.
Gene Total Number of Mutations/Fusions | Total Number of Tissues surveyed
found
ATF1 104 398
ATR 12 422
BRCAI 25 1832
BRCA2 35 1872
CCNG2 1 136
EPHAS 5 279
GNB4 1 137
IL13RA2 1 40
INPP4B 1 137
MINPP1 1 273
MSH2 37 1323
NFKBIZ 1 136
RADI18 3 139
RKHD3 1 136
SIAH2 1 136
SLC4A10 2 136
STK32B 4 286
SUV39H2 1 136
TRIM7 1 136
VHL 1050 4525
WNK3 5 358

18




10

20

30

WO 2009/126970 PCT/US2009/040404

DNA Repair
DNA repair includes any process by which breaks in genomic DNA may be identified

and corrected by a cell, now known or yet to be disclosed. Brostallicin sensitization targets
involved in DNA repair include but are not limited to; BRCA1, BRCA2, ATR-A, MSH2, and
Rad18. Specifically, a number of genes were found to be involved in translesion synthesis.

(See FIG. 18)

Translesion Synthesis

Translesion synthesis (TLS) encompasses cellular processes in which an atypical
DNA polymerase capable of synthesizing DNA across base damage on a template strand is
used by the cell rather than a standard DNA polymerase that is incapable of traversing a
damaged base. TLS activity includes but is not limited to processes that repair lesions caused
by monofunctional alkylators such as nitrosourea compounds and temozolomide and
bifunctional alkylators such as mito C and CDDP. Brostallicin sensitization targets involved
in translesion synthesis include but are not limited to: ATR, CHK1, RAD18, and ZNRF2
(See FIG. 19).

Histone H3 Methylation

Histone H3 methylation includes all cellular processes by which the H3 histone
protein is modified at specific amino acid residues, thus modifying its activity in the
regulation of chromatin structure. Brostallicin sensitization targets involved in histone H3

methylation include SET7/9, SUV39H2, and EuHMT1.

Example 3

The following targets are known to be mutated or otherwise affected by one or more
other genomic aberrations such as gene fusions in human cancer tissues:
ATF1, ATR, BRCA1, BRCA2, CCNG2, EphAS5, GNB4, IL13RA2, INPP4B, MINPP1,
MSH2, NFKBIZ, RAD18, RKHD3, SIAH2, SLC4A10, STK32B, SUV39H2, TRIM7, VHL,
and WNK3.

Example 4
To identify molecular determinants of Brostallicin response that could inform clinical
development, we undertook an integrated cellular pharmacogenomics study. We began with

the application of advanced knowledge mining tools to explore Brostallicin response data
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across the NCI-60 cell line panel and its association to global gene expression profiles. Gene
set enrichment analysis (GSEA) revealed unique associations between the Brostallicin
sensitivity gene set signature and distinct gene sets representing a number of specific
molecular concepts, including significant associations with defined cancer types and aspects
of DNA repair. Next, further knowledge mining and integration of orthogonal data sets
prioritized a set of approximately 100 candidate genes that were subsequently used to design
a focused siRNA library to supplement a larger siRNA library representing 7000 druggable
gene targets across the human genome. The combined siRNA library was then used to
conduct a high throughput RNA interference (HT-RNAi) phenotype profiling analysis of the
A2780 cell line treated with Brostallicin. The results are shown in FIGS. 9-17.

20



WO 2009/126970 PCT/US2009/040404

CLAIMS
We claim:

1. A method of assessing sensitivity of a cancer cell to brostallicin, comprising:

(a) obtaining a cancer cell sample;

(b) assessing the expression of at least one target in the cancer cell sample selected from

the group consisting of: ATF1, ATR, BRCAIl, BRCA2, CCNG2, EphAS, GNB4,

IL13RA2, INPP4B, MCLI1, MINPP1, MSH2, NFKBIZ, RADI1§, RKHD3, SIAH2,

SLC4A10, STK32B, SUV39H2, TRIM7, VHL, and WNK3;

(c) determining if expression of the target in the sample is reduced based on a control;

and

(d) correlating reduced expression of the target in the cancer cell sample with sensitivity

to brostallicin.

2. The method of claim 1, wherein the target is ATR, BRCA1, BRCA2, MSH2,
RAD18, and/or VHL.

3. The method of claim 1, wherein the target is BRCA1 and/or BRCA2.

4. The method of claim 1, wherein the cancer cell is selected from the group
consisting of: breast cancer; ovarian cancer; colon cancer; and pancreatic cancer.

5. The method of claim 1, wherein at least two targets have reduced expression as
compared to a brostallicin resistant control.

6. The method of claim 1, wherein the control is a list or database of genomic
aberrations that modify the expression of the target.

7. The method of claim 6, wherein the genomic aberration is a mutation or deletion
that reduces expression of the target.

8. The method of claim 1, wherein the step of assessing the expression of the target
comprises detecting a genomic aberration that reduces expression of the target.

0. The method of claim 8, wherein detecting a genomic aberration comprises use of
at least one of the following: comparative genomic hybridization; array-based comparative
genomic hybridization; detecting an inactivating mutation; PCR; and DNA sequencing.

10. The method of claim 8, wherein expression of the target in the cancer cell is

reduced by at least 70% based on the control.

21



WO 2009/126970 PCT/US2009/040404

11. The method of claim 1, wherein the control is a brostallicin resistant cell; a
brostallicin sensitive cell; or a list or database, wherein the list or database comprises a log of
genomic aberrations that affect expression or expression levels of the target in brostallicin
resistant cells or brostallicin sensitive cells.

12. The method of claim 1, wherein the step of assessing the expression comprises
measuring mRNA.

13. The method of claim 12, wherein measuring mRNA comprises at least one of the
following: RTPCR; microarray analysis; and Northern Blot.

14. The method of claim 1, wherein the step assessing the expression comprises
measuring protein.

15. The method of claim 14, wherein measuring protein comprises at least one of the
following: ELISA; mass spectrometry; and Western Blotting.

16. A method of identifying a cancer patient who may benefit from a treatment with
brostallicin drug, comprising:

(a) obtaining a cancer cell sample from the patient;

(b) assessing the expression of at least one target in the cancer cell sample selected from

the group consisting of: ATF1, ATR, BRCAIl, BRCA2, CCNG2, EphAS, GNB4,

IL13RA2, INPP4B, MCLI1, MINPP1, MSH2, NFKBIZ, RADI1§, RKHD3, SIAH2,

SLC4A10, STK32B, SUV39H2, TRIM7, VHL, and WNK3; and

(c) comparing expression of the target in the cancer cell sample to a control, wherein

reduced expression of the target indicates that the patient may benefit from treatment

with brostallicin.

17. A method of treating a cancer patient comprising:

(a) collecting a biological sample from the patient;

(b) assessing the expression of a target selected from the group consisting of: ATFI,

ATR, BRCAI, BRCA2, CCNG2, EphAS, GNB4, IL13RA2, INPP4B, MCL1, MINPP1,

MSH?2, NFKBIZ, RADI18, RKHD3, SIAH2, SLC4A10, STK32B, SUV39H2, TRIM7,

VHL, and WNK3 in the biological sample; and

(c) administering an effective amount of brostallicin to the patient when expression of the

target is reduced based on a control indicating sensitivity to brostallicin.

22



WO 2009/126970 PCT/US2009/040404

18. The method of claim 17, wherein the biological sample comprises a tumor
sample.

19. The method of claim 17, wherein the cancer patient presents with a cancer
selected from the group consisting of: breast cancer; ovarian cancer; and colon cancer.

20. The method of claim 17, wherein the target is ATR, BRCA1, BRCA2, MSH2,
RAD18, and/or VHL.

21. The method of claim 17, wherein at least two targets have reduced expression as
compared to a brostallicin resistant control.

22. The method of claim 17, wherein the control is a list or database of genomic
aberrations that modify the expression of the target.

23. The method of claim 22, wherein the genomic aberration is a mutation or deletion
that reduces expression of the target.

24. The method of claim 17, wherein the step of assessing the expression of the target
comprises detecting a genomic aberration that reduces expression of the target and comprising
use of at least one of the following: comparative genomic hybridization; array-based comparative
genomic hybridization; detecting an inactivating mutation; PCR; and DNA sequencing.

25. The method of claim 17, wherein expression of the target in the cancer cell is
reduced by at least 70% based on the control.

26. The method of claim 17, wherein the control is a brostallicin resistant cell; a
brostallicin sensitive cell; or a list or database, wherein the list or database comprises a log of
genomic aberrations that affect expression or expression levels of the target in brostallicin
resistant cells or brostallicin sensitive cells.

27. The method of claim 17, wherein the step of assessing the expression comprises
measuring mRNA and/or measuring protein.

28. The method of claim 27, wherein measuring mRNA comprises at least one of the
following: RTPCR; microarray analysis; and Northern Blot and measuring protein comprises at
least one of the following: ELISA; mass spectrometry; and Western Blotting.

29. A diagnostic kit for assessing sensitivity of a cancer cell to brostallicin,
comprising:

(a) one or more reagents that detect the level expression of at least one target in the

cancer cell sample selected from the group consisting of: ATF1, ATR, BRCAI, BRCA2,
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CCNG2, EphAS5, GNB4, ILI3RA2, INPP4B, MCL1, MINPP1, MSH2, NFKBIZ,
RAD18, RKHD3, SIAH2, SLC4A10, STK32B, SUV39H2, TRIM7, VHL, and WNK3;

and

(b) a reporter element, wherein the reporter element indicates whether the cell sample is

likely sensitive to brostallicin.
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