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METHODS AND COMPOSITIONS FOR ANTI-EGFR TREATMENT

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to Provisional Patent Application No. 61/255,722, the

entirety of which is incorporated herein by reference.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

[0002] This invention was made with government support under CA091846 and CA016672,
both awarded by The National Institutes of Health. The government has certain rights in the

invention.

FIELD OF THE INVENTION

[0003] The present invention generally pertains to the field of cancer treatment. More
particularly, but not by way of limitation, the present invention pertains to the field of targeted

cancer therapies, such as anti-EGFR treatment.

BACKGROUND OF THE INVENTION

[0004] The spread of cancer gencrally consists of numerous genetic and epigenectic factors that
result in uncontrolled cellular proliferation, invasion, increased cell survival and metastatic
spread. Current methods for treating cancer have limitations. For instance, though systemic
chemotherapy remains palliative, it is only modestly effective. Furthermore, due to its non-
specific nature, systemic chemotherapy results in numerous undesired side effects. Accordingly,
targeted therapies, including inhibition of receptor tyrosine kinases, are more desirable for
treating cancer. Many such therapies, such as growth factor inhibition, use algorithms that take
into account target expression and validation of molecular pathways. For instance, growth
factor receptors, such as the epidermal growth factor receptor (EGFR), fibroblast growth factor
receptor (FGFR), or platelet-derived growth factor receptor (PDGFR) are differentially
expressed by bladder cancer cell lines or tumors, making inhibitors to these molecules attractive
therapeutic tools. In fact, inhibitors of the epidermal growth factor receptor (EGFR) are being

evaluated for use in the treatment of urothelial cancers and other solid malignancies.
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[0005] However, many cancer cell lines remain resistant to targeted therapies. For instance,
many bladder cancer cell lines remain resistant to EGFR-directed therapy. Furthermore, it is at
times difficult to assess or predict the resistance of cancer cell lines to targeted therapies due to

the absence of ascertainable biomarkers.

[0006] Accordingly, there is currently a need to enhance the sensitivity of cancer cells to
targeted therapies, such as EGFR-directed therapy (anti-EGFR treatment). There is also a need
to identify biomarkers that can be used to assess the sensitivity of cancer cell lines to targeted

therapies.

BRIEF SUMMARY OF THE INVENTION

[0007] In some embodiments, the present invention provides methods for enhancing the
sensitivity of cancer cells to anti-EGFR treatment. Such methods generally comprise the
introduction of a miR-200 miRNA to the cancer cells. In some embodiments, the miR-200
miRNA may be selected from the group consisting of miR-141, miR-200b, miR-200c, miR-205,
and miR-429. Various embodiments of the present invention also pertain to methods for treating
cancer. Desirably, such methods comprise the treatment of cancer cells with an anti-EGFR

composition after the aforementioned enhancement step.

[0008] In other embodiments, the present invention provides methods for assessing and
enhancing the sensitivity of cancer cells to anti-EGFR treatment. Such methods generally
comprise the measurement of the level of a miR-200 miRNA in the cancer cells, and the
introduction of a miR-200 miRNA to the cancer cells. In further embodiments, such methods
may further comprise the subsequent treatment of the cancer cells with an anti-EGFR

composition.

[0009] In further embodiments, the present invention provides compositions for enhancing the
sensitivity of cancer cells to anti-EGFR treatment. Such compositions generally comprise an
isolated miR-200 miRNA and a vector containing the miR-200 miRNA. In some embodiments,
the vector may be a nanovector, such as a gold particle. In some embodiments, the vector may

comprise a targeting moiety that binds to cancer cells.
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[0010] In additional embodiments, the present invention provides expression vectors with an
isolated polynucleotide sequence that encodes a miR-200 miRNA. In some embodiments,
expression vectors may be plasmids. In other embodiments, the expression vectors may be viral

vectors.

[0011] The methods, compositions, and expression vectors of the present invention can be
applied to numerous cancer cells, including but not limited to bladder cancer cells, breast cancer
cells, pancreatic cancer cells, lung cancer cells, and colon cancer cells. In more specific
embodiments, various aspects of the present invention may be applied to bladder cancer cells,
such as bladder cancer cells with a mesenchymal phenotype that are resistant to anti-EGFR

treatment.

BRIEF DESCRIPTION OF THE FIGURES

[0012] For a more complete understanding of the present disclosure, and the advantages thereof,
reference is now made to the following descriptions to be taken in conjunction with the

accompanying Figures describing specific embodiments of the disclosure, wherein:

[0013] FIGURE 1 illustrates the identification of miRNAs that are differentially expressed in

epithelial versus mesenchymal bladder cancer cell lines.

[0014] FIG. 1A illustrates volcano plots showing all miRNAs detected in the KU7 mesenchymal
and UMUCS epithelial cell lines (left panel). The right panel illustrates only the miRNA with
significantly different expression (right panel, red dots) as opposed to non-significant levels of
differential expression (right panel, blue dots). Bayesian log odds of differential expression are

plotted against log, (expression in UMUCS divided by expression in KU7 cells).

[0015] FIG. 1B illustrates a heat map of differentially expressed miR-200 miRNAs clustered by
cell type (left, low-expressed miRNAs in KU7 cells; right, high expression of the same miRNAs
in UMUCS cells).

[0016] FIGS. 1C-1G represent the quantification of miR-200 miRNAs in a panel of 9 epithelial
and mesenchymal bladder cancer cell lines by real-time RT-PCR analysis. Overall, the results

indicate that the miR-200 miRNAs are differentially expressed in epithelial bladder cancer cell
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lines that are sensitive to anti-EGFR therapy (e.g., UMUC 5, UMUC6, UMUC16, and UMUC9),
but not in mesenchymal bladder cancer cell lines that are resistant to anti-EGFR therapy (e.g.,

KU7, UMUC 2, UMUC3, and UMUCI13).

[0017] FIGURE 2 represents the identification of miR-200 direct targets in a panel of bladder

cancer cell lines.

[0018] FIG. 2A illustrates data obtained after the renilla reporter plasmid harboring a miR-200¢
site with miR-200c¢ precursor, or the unrelated miR-26b (control) precursor, were transiently co-
transfected into KU7, UMUC3, UMUCS5, and UMUCI3 cells along with a firefly luciferase
reporter (pGL3 control) for normalization. The data are mean + standard error of mean of

separate transfections (n=6), and are shown as the ratio of Renilla activity to firefly.

[0019] FIGS. 2B-2E represent measurement by real-time RT-PCR of ZEB1, ZEB2, E-cadherin,
and P-cadherin in different bladder cancer cell lines, respectively. The data are means of

measurements from triplicate experiments.

[0020] FIG. 2F illustrates a heat-map of 6 differentially expressed putative targets of miR-200c

in a panel of 9 bladder cancer cell lines using the Illumina gene profiling array platform.

[0021] FIGURE 3 illustrates the relation between the differentially expressed ERRFI-1 and
TGF-a and cell sensitivity to anti-EGFR treatment.

[0022] FIG. 3A represents the measurement by real-time western blot of ERRFI-1 and E-

cadherin in various bladder cancer cell lines.

[0023] FIG. 3B represents the measurement by real-time RT-PCR of mRNA relative levels of

TGF-0. The data are means of measurements from triplicate experiments.

[0024] FIG. 3C represents cell proliferation measurement (DNA index) of 9 bladder cancer cell
lines in the absence or presence of different concentrations of cetuximab (C225), an anti-EGFR

antibody. Data arc means of at least 3 triplicate experiments.

[0025] FIGURE 4 illustartes that the miR-200c expression induces an epithelial to
mesenchymal transition (EMT) phenotype in the UMUC3 mesenchymal bladder cancer cell line.
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[0026] FIG. 4A illustrates phase contrast microscopy of UMUC3 cells transduced with a miR-
200c containing retrovirus (UMUC3/200c) or with an empty, control retroviral construct

(UMUCS3-E). Scale bars represent 100 pm.

[0027] FIG. 4B illustrates the measurement of in vitro cell migration by a wound healing assay
that utilized the transduced cells described in FIG. 4A. Representative pictures for same single

spot are shown. The experiment was performed twice in triplicate. Scale bars represent 400 um.

[0028] FIG. 4C represents the quantification of miR-200c¢ in empty virus transduced (UMUCS3-
E) and miR-200c-transduced (UMUC3/200c) cells. The levels of miR-200c in UMUCS cells are

plotted for comparison.

[0029] FIG 4D represents the measurement by real-time RT-PCR of the epithelial and
mesenchymal markers E-cadherin, ZEB1 and ZEB2 in empty virus-transduced cells and miR-

200c¢-transduced UMUCS3 cells.

[0030] FIG. 4E illustrates confocal microscopy analyses of the UMUCS3 series co-stained for
ZEBI1 or ZEB2 (red pixels) and nuclear DNA (green pixels). Note down-regulation of nuclear
ZEBI1 and ZEB2 in UMUC3 clones expressing miR-200c. The upper panel of FIG. 4F
illustrates the measurement of ERRFI-1 and E-cadherin protein levels by western blot in the
above-described transduced cells. Actin reprobing served as internal (loading) control. The
lower pancl of FIG. 4F illustrates OD relative values expressed as ratios between actin (internal
control) and ERRFI-1. Note up-regulation of E-cadherin and down-regulation of ERRFI-1

protein levels upon miR-200c¢ expression.

[0031] FIGURE 5 illustrates that miR-200c expression reverses EGFR resistance in UMUC3

cells.

[0032] FIG. S5A illustrates confocal microscopy analyses of the transduced UMUC3 cells
described in FIG. 4 after co-staining for ERRFI-1 (red pixels), EGFR (green pixels) and a DNA
dye (blue pixels in the nucleus). Note the yellow pixels (left panel) as a result of red and green

pixels co-localization.
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[0033] FIG 5B illustrates immunoblots of autophosphorylated EGFR, total EGFR, and total
ERRFI-1 in cells transduced with miR-200c from the experiment described in FIG SA. In this

experiment, actin served as the internal control.

[0034] The upper panel of FIG. 5C illustrates the immunoblot of phosphorylated MAPKinase,
total MAPKinase and total EGFR of the UMUC3 series. Cells were grown in 2% serum-
supplemented MEM and treated with various concentrations of cetuximab (C225) for 3 hours.
The lower panel of FIG. 5C illustrates the OD relative values expressed as ratios between EGFR
(internal control) and pMAPKinase.

[0035] FIG. SD illustrates cell proliferation measurement of the UMUC3 series using
radioactive thymidine incorporation. Each experiment was done in at least two different

triplicates.

[0036] FIGURE 6 illustrates that ERRFI-1 is a direct target of miR-200 and implicated in
response to EGFR inhibitors.

[0037] FIG. 6A illustrates western blot measurement of ERRFI-1 protein in UMUC3 and T24
cells after transfection with a non-targeting sh construct, a GAPDH construct, or a ERRFI-1sh

construct. Vinculin served as an internal control.

[0038] FIG. 6B illustrates the cell proliferation measurement of the UMUC3 and T24 scries
using radioactive thymidine incorporation after transfections described in the previous panel.

Each experiment was done in at least two triplicates.

[0039] FIG. 6C illustrates cell proliferation measurement of the UMUCS series using
radioactive thymidine incorporation after ERRFI-1 transfection. The level of ERRFI-1 protein is

shown in the right panel. Vinculin served as internal control.

[0040] FIG. 6D is a schematic representation of the 3’'UTR region of ERRFI-1 displaying the
miRNA potential binding sites as predicted by TargetScan. Solid boxes represent potential
binding sites for miR-200b, miR-200c, and miR-429.
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[0041] FIG. 6E illustrates the measurement of miR-200 repressive activity on wild-type and
mutant 3’UTR/ERRFFI-1 reporters.

[0042] FIG. 6F illustrates the results of real-time RT-PCR analysis on the T24 series after miR-
200b transduction using a lentiviral system. PEV, empty vector-transduced cells served as

negative controls.

[0043] FIG. 6G illustrates cell proliferation measurement of the T24 series using radioactive
thymidine incorporation after miR-200b lentiviral transduction and treatment with iressa (an
anti-EGFR composition). Each experiment was done in at least two different triplicates.

UMUCS served as a positive control in light of its sensitivity to anti-EGFR compositions.

[0044] FIG. 7 illustrates the progression of urothelial cancer (UC) from the time of initial
transurethral resection (TUR) in patients with miR-200C levels above and below the median

level.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0045] The particulars shown herein are by way of example and for purposes of illustrative
discussion of the preferred embodiments of the present invention only and are presented in the
cause of providing what is believed to be the most useful and readily understood description of
the principles and conceptual aspects of various embodiments of the invention. In this regard, no
attempt is made to show structural details of the invention in more detail than is necessary for the
fundamental understanding of the invention, the description taken with the drawings and/or
examples making apparent to those skilled in the art how the several forms of the invention may

be embodied in practice.

[0046] The following definitions and explanations are meant and intended to be controlling in
any future construction unless clearly and unambiguously modified in the Description or
Examples below or when application of the meaning renders any construction meaningless or
essentially meaningless. In cases where the construction of the term would render it meaningless

or essentially meaningless, the definition should be taken from Webster’s Dictionary, 3" Edition.
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[0047] By way of background, micro-RNAs or miRNAs are short non-coding RNAs that
regulate protein production by pairing with appropriate complementary stretches in mRNAs
(20,21). Hundreds of miRNAs are encoded in the human genome, with an estimated 30% of
mRNAs possessing conserved miRNA binding sites, suggesting that miRNA-based regulation is
an integral component of the global gene expression program (22). The presence of diverse and
often strong phenotypes, such as discases associated with mutations or altered expression of

miRNAs, suggests their importance in cell development processes and in the biology of cancers

(23, 24).

[0048] For instance, and as discussed in more detail below, members of the miR-200 family of
miRNAs have been shown to control the sensitivity of bladder cancer cells to anti-EGFR
treatment, such as treatment with anti-EGFR antibodies and/or small molecule EGFR tyrosine
kinase inhibitors. In particular, it has been shown that bladder cancer cells that show resistance
to anti-EGFR treatment (EGFR-resistant cells) have relatively low levels of miR-200 miRNAs.
Conversely, bladder cancer cells with sensitivity to anti-EGFR treatment (EGFR-sensitive cells)
have been shown to have relatively elevated levels of miR-200 miRNAs. Furthermore, and as
will be discussed in more detail below, it has been shown that the introduction of miR-200
miRNAs to bladder cancer cell lines, including EGFR-resistant cell lines, enhances the

sensitivity of the cancer cells to anti-EGFR treatment.

[0049] Accordingly, some embodiments of the present invention provide methods for enhancing
the sensitivity of cancer cells to anti-EGFR treatment by the introduction of one or more miR-
200 miRNAs to the cancer cells. In additional embodiments, the present invention provides
methods for treating cancer by exposing cancer cells to one or more anti-EGFR compositions
during or after the aforementioned enhancement step. Other embodiments of the present
invention provide methods for assessing and enhancing the sensitivity of cancer cells to various
anti-EGFR treatments. Additional embodiments of the present invention provides compositions
for enhancing the sensitivity of cancer cells to anti-EGFR treatment. As discussed in more detail

below, numerous embodiments exist for various aspects of the present invention.
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[0050] MiR-200 miRNAs

[0051] The methods of the present invention can utilize various miR-200 miRNA family
members to enhance the sensitivity of cancer cells to anti-EGFR treatment. Non-specific
examples include, but are not limited to, miR-141, miR-200b, miR-200c, miR-205, and miR-
429. In some embodiments, the methods of the present invention may utilize only one miR-200
miRNA. In other embodiments, the methods of the present invention may utilize multiple miR-
200 miRNAs. In more specific embodiments, the methods of the present invention may utilize
miR-200c¢ to enhance the sensitivity of cancer cells to anti-EGFR treatment. However, a person
of ordinary skill in the art can envision the use of other miR-200 family members with various
embodiments of the present invention that have not been listed in this disclosure. In some
embodiments, such miR-200 family members may also include miR-200 miRNAs that have not

yet been discovered or identified.
[0052] Introduction of miR-200 miRNAs to Cancer Cells

[0053] The present invention can also utilize various methods to introduce one or more miR-200
miRNASs to cancer cells. For instance, in some embodiments, one or more miR-200 miRNAs
may be introduced to the cancer cells by transfecting the cancer cells with the miR-200 miRNAs.
In more specific embodiments, the transfection may comprise the use of a nanovector, such as a
gold particle, to deliver one or more miR-200 miRNAs to the cells. In additional embodiments,
miR-200 miRNAs may be introduced to cancer cells by lipofection, such as by the use of
Invitrogen's Lipofectamine™ Transfection Reagents in one example. Other transfection
methods well known by persons of ordinary skill in the art can also be utilized in other

embodiments to introduce miR-200 miRNAs to cancer cells.

[0054] In some embodiments, miR-200 miRNAs are introduced to cancer cells by a targeted
delivery method. Such methods generally comprise the use of a targeting moicty that binds to
one or more cancer cells. For instance, in various embodiments, the targeting moiety can be a
small molecule, an aptamer, a dendrimer, and/or an antibody. In more specific embodiments, the
targeting moiety is a monoclonal antibody that binds to a receptor that is over-expressed on
cancer cells. Other suitable targeting moicties can also be envisioned by persons of ordinary

skill in the art.
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[0055] In more specific embodiments, the targeted delivery method may consist of the delivery
of one or more miR-200 miRNAs to cancer cells by the use of a nanovector that has one or more
targeting moieties (as described above). Other suitable targeted delivery methods can also be

envisioned by persons of ordinary skill in the art.

[0056] In other embodiments, one or more miR-200 miRNAs may be introduced to cancer cells
by transfecting the cancer cells with an expression vector that encodes a nucleotide sequence for
one or more miR-200 microRNAs, such as miR-200c. Thereafter, the cells may express the
encoded miR-200 in the expression vector by transcription. In some embodiments, the
expression vector may be a plasmid. In various embodiments, the expression vectors may be
introduced to the cancer cells by conventional methods, such as by lipofection (as previously

described), electroporation, or other methods well-known by persons of ordinary skill in the art.

[0057] In additional embodiments, miR-200 miRNAs may be introduced to the cancer cells by
the transduction of the cancer cells with a viral vector that encodes a nucleotide sequence for one
or more miR-200 microRNAs. In some embodiments, the viral vector may be a retrovirus, such
as a lentivirus. In additional embodiments, the viral vector may be an adenovirus. In further
embodiments, other viral vectors well-known by persons of ordinary skill in the art may be used

to introduce miR-200 miRNAs to cancer cells.

[0058] Without being bound by theory, and as it will be discussed in more detail below, the
introduction of one or more miR-200 miRNAs to the cancer cells enhances the sensitivity of the
cancer cells to anti-EGFR treatment. In some embodiments, such enhancement may be
characterized by an increase in the effectiveness of a particular anti-EGFR treatment in the
cancer cells (when compared with the effectiveness of the anti-EGFR treatment in cancer cells
without the introduced miR-200 miRNAs). In some embodiments, the increase in the
ceffectiveness of an anti-EGFR treatment may be characterized by the inhibition of cancer cell
growth, as determined by various assays (e.g., without limitation, 3"-thymidine incorporation
assays, MTT cell proliferation assays, Gel Microdrop (GMD) Growth Assays, colorometric
growth assays, ctc.). In further embodiments, the enhancement of the sensitivity of the cancer
cells to anti-EGFR treatment may be characterized by other methods well-known by persons of

ordinary skill in the art.

10
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[0059] In various embodiments, the enhancement of the sensitivity of cancer cells to anti-EGFR
treatment may also be characterized by changes in cell morphology and/or gene expression. For
instance, in some embodiments, the enhancement of the sensitivity of cancer cells to anti-EGFR
treatment may be characterized by the transformation of the cancer cells, such as bladder cancer
cells, from mesenchymal cells to epithelial cells. In some embodiments, the enhancement may
also be characterized by the up-regulation of the expression of various proteins in the cancer
cells, such as E-cadherin and ERRFI-1. Similarly, in some embodiments, the enhancement of
the sensitivity of the cancer cells to anti-EGFR treatment may also be characterized by the down-
regulation of the expression of various genes in the cancer cells, such as ZEB 1 and ZEB 2. The

aforementioned proteins will be described in more detail below.
[0060] Anti-EGFR Treatments

[0061] A person of ordinary skill in the art will also recognize that the methods of the present
invention may be used to enhance the sensitivity of cancer cells to various anti-EGFR treatments.
A person of ordinary skill in the art will also recognize that various embodiments of the present
invention may utilize numerous anti-EGFR treatments to treat cancer. In various embodiments,
the anti-EGFR treatment may occur before, during and/or after the aforementioned enhancement
steps. In other embodiments, the anti-EGFR treatment may occur before, during and after the

enhancement step.

[0062] In some embodiments, the anti-EGFR treatment may comprise or refer to the treatment of
cancer cells with one or more anti-EGFR antibodies. Such antibodies may include, without

limitation, cetuximab (C225) and panitumumab.

[0063] Likewise, in some embodiments, the anti-EGFR treatment may refer to or comprise the
treatment of cancer cells with one or more small molecule EGFR tyrosine kinase inhibitors. In
some embodiments, such inhibitors may include, without limitation, iressa, erlotinib (Tarceva),

gefitinib, sorafenib, sunitinib, and lapatinib.

[0064] In further embodiments, the anti-EGFR treatment may refer to or comprise the
simultancous treatment of cancer cells with one or more small molecule EGFR tyrosine kinase

inhibitors, and one or more anti-EGFR antibodies. In additional embodiments, the anti-EGFR

11
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treatment may refer to or comprise numerous steps, such as a treatment regimen. Furthermore, a
person of ordinary skill in the art will recognize that the methods of the present may refer to or
utilize numerous other anti-EGFR treatments, including anti-EGFR treatments that have not yet

been identified, developed or discovered.

[0065] Cancer Cells

[0066] A person of ordinary skill in the art will also recognize that the methods of the present
invention may be applied to various cancer cells. For instance, in various embodiments, the
methods of the present invention may be applied to human cancer cells. In other embodiments,
the methods of the present invention may be applied to mouse cancer cells. In some
embodiments, non-limiting examples of cancer cells that may be treated by the methods of the
present invention may include, without limitation, bladder cancer cells, breast cancer cells,
pancreatic cancer cells, lung cancer cells, and colon cancer cells. In more specific embodiments,
the methods of the present invention may be applied to bladder cancer cells that display a
"mesenchymal phenotype" (mesenchymal cells), such as UMUC2, UMUC3, UMUC 13, and/or
KU?7 cells. As it will be discussed in more detail below, such mesenchymal bladder cancer cells
have shown resistance to anti-EGFR treatment. Furthermore, it has been shown that such
resistance can be reversed by the introduction of one or more miR-200 microRNAs to the cancer

cells.

[0067] Assessing the Sensitivity of Cancer Cells to Anti-EGFR Treatment

[0068] In addition to providing methods for treating cancer and methods for enhancing the
sensitivity of cancer cells to anti-EGFR treatment, the present invention also provides methods
for assessing the sensitivity of cancer cells to various anti-EGFR treatments.  Such methods
generally comprise a measurement of a level of one or more miR-200 miRNAs in the cancer
cells. In such embodiments, the measured level of a miR-200 miRNA may then be directly

correlated to the sensitivity of the cancer cells to anti-EGFR treatment.

[0069] As discussed in more detail below, observations that miR-200 levels in bladder cancer
cells are directly correlated to the sensitivity of the cells to anti-EGFR treatment provides support

for the above-mentioned embodiments of the present invention. Furthermore, and as will be

12
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discussed in more detail below, increased miR-200 expression patterns were observed in EGFR-
sensitive cells after anti-EGFR treatment. However, EGFR-resistant cells did not show increased
expression patterns after the same anti-EGFR treatments. Accordingly, in other embodiments,
the present invention can provide methods for assessing the sensitivity of cancer cells to anti-
EGFR treatment by measuring the level of one or more miR-200 miRNAs in the cancer cells
after anti-EGFR treatment. The measured level of miR-200 miRNAs may then be directly

correlated to the sensitivity of the cancer cells to anti-EGFR treatment.

[0070] A person of ordinary skill in the art will also recognize that various methods may be used
to measure miR-200 microRNA levels in a cancer cell. For instance, in some embodiments, the
level of one or more miR-200 microRNAs may be measured by real-time RT-PCR analysis of
the RNA in the cancer cells. In some embodiments, the measurement may also comprise a
measurement of miR-200 microRNA levels in urine or serum samples of a patient. A person of
ordinary skill in the art will also recognize additional methods for measuring miR-200

microRNA levels, including methods that have not yet been developed.

[0071] Compositions and Expression Vectors

[0072] In further embodiments, the present invention provides compositions for enhancing the
sensitivity of cancer cells to anti-EGFR treatment. Such compositions may generally comprise
one or more isolated miR-200 miRNAs, and a vector for introducing the miR-200 miRNAs to
the cancer cells. In some embodiments, the vector may be a nanovector, such as a gold particle.
In some embodiments, the miR-200 miRNAs may be miR-200c. In further embodiments, the

vector may comprise one or more targeting moieties (as previously described).

In additional embodiments, the present invention may also provide an expression vector, such as
a plasmid or a viral vector (as previously discussed), that comprises an isolated polynucleotide
sequence that encodes one or more miR-200 miRNAs. For instance, in some embodiments, the

isolated polynucleotide sequence may express miR-200c.

13
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[0073] Applications

[0074] A person of ordinary skill in the art will also recognize that the methods, compositions
and expression vectors of the present invention may be used in various setting and for numerous
purposes. For instance, in some embodiments, the methods, compositions, and expression
vectors of the present invention may be used in vitro, such as for basic research or validating a
targeted therapy regimen. In other embodiments, the methods, compositions and expression
vectors of the present invention may be used in vivo, such as in a live animal or a human being,
to treat cancer. For instance, in a more specific embodiment, one or more miR-200 miRNAs
may be intravenously administered to a human patient for delivery to a desired tumor site by
known methods, such as the above-described transfection and/or transduction methods.
Thereafter, the human patient may be treated with one or more anti-EGFR compositions, such as

the above-discussed compositions.

[0075] From the above disclosure, a person of ordinary skill in the art will recognize that the
present invention has numerous embodiments and applications. Reference will now be made to
more specific embodiments of the present invention and experimental results that provide
support for such embodiments. However, Applicants note that the disclosure below is for
exemplary purposes only and is not intended to limit the scope of the present invention in any

way.

[0076] Assessing and Enhancing the Sensitivity of Bladder Cancer Cells to Anti-EGFR

Treatment

[0077] In a specific embodiment, the methods, expression vectors and compositions of the
present invention may be used to assess and enhance the sensitivity of bladder cancer cells to
anti-EGFR treatment. By way of background, bladder cancer is a common malignancy
characterized by frequent recurrences and a poor clinical outcome when tumors progress to
invasive disease. Growth factor receptors, such as the epidermal growth factor receptors
(EGFR), fibroblast growth factor receptors (FGFR), and platelet-derived growth factor receptors
(PDGFR) are differentially expressed by bladder cancer cell lines or tumors, making inhibitors to
these molecules attractive therapeutic tools (3-5). Without being bound by theory, debate is

ongoing as to whether EGFR expression or mutation in the tyrosine kinase domain correlates
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well with response to EGFR blockade by tyrosine kinase inhibitors (TKIs) and to survival. In
previous studies, it was demonstrated that mutations in the EGFR protein or gene amplifications
were not as frequent in bladder cancer as in other cancers, such as lung cancer (6, 7), suggesting
that other predictors remain to be identified. Very recently, several groups reported that
sensitivity to EGFR-directed treatment is associated with expression of E-cadherin and other

properties of a typical “epithelial” tumor phenotype (8-13).

[0078] By way of further background, a phenomenon known as epithelial to mesenchyme
transition (EMT) has been implicated as having a role in tumor invasion/migration and
metastasis of many forms of cancers, including bladder cancer (14). Loss of E-cadherin
expression is a hallmark of the EMT process, which may be required for enhanced tumor-cell
motility. During EMT, down-regulation of E-cadherin allows epithelial cells to undergo changes
in cell morphology and motility so that they adopt mesenchymal characteristics. Expression of E-
cadherin is controlled by several transcriptional repressors, including Twist, Snaill, Snail2/Slug,

E47, ZEB1/TCF8, and ZEB2/SIP1, which bind to E-boxes in the E-cadherin promoter (15).

[0079] Furthermore, recent studies have demonstrated that ZEB1 and ZEB2 are direct targets of
miRNAs from the miR-200 family in human breast cancer cells (MDA-MB231), canine kidney
cells (MDCK), murine models and a NCI-60 panel of cell lines (16-19). In particular, many
studies have identified a new role for miR-200¢, miR-141, miR-200b, and miR-205, all members
of the miR-200 family of miRNAs, in EMT through the direct regulation of ZEB1 and ZEB2
(16-17 and 19). Studies also showed that ectopic expression of these miRNAs leads to re-
expression of E-cadherin and epithelial phenotypes in NMuMG murine mammary model that
have undergone EMT upon TGF-B stimulation (18). The same results have been observed in

mesenchymal MDAMB231 cells (16).

[0080] To determine whether one or more miR-200 family members could be used as
biomarkers to identify bladder cancer cells (BCC) that may be sensitive to anti-EGFR treatment,
and to determine whether the introduction of one or more miR-200 family members to the
bladder cancer cells could help enhance their sensitivity to anti-EGFR treatment, Applicants
performed various experiments. As set forth in more detail below, the results of such

experiments indicate that one or more miR-200 family members can be used as biomarkers to
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assess the sensitivity of bladder cancer cells to anti-EGFR treatment. The results also indicate
that the introduction of one or more miR-200 family members to the bladder cancer cells can
help enhance their sensitivity to anti-EGFR treatment. The experimental details for such results

will now be discussed in more detail.

[0081] MiR-200 miRNAs are Differentially Expressed in "Epithelial'', EGFR-sensitive
Bladder Cancer Cells.

[0082] To identify miRNAs that might be important for regulating E-cadherin expression and
EGFR-sensitivity (i.c., sensitivity to anti-EGFR treatment), we compared global miRNA
expression patterns in 2 bladder cancer cell lines: (1) an EGFR-sensitive, E-cadherin-positive
cell line (UMUCS); and (2) an EGFR-resistant, E-cadherin negative, and vimentin-positive cell
line (KU7). We used miRNA array analysis that contained a dataset composed of all known
miRNAs biologically demonstrated or predicted through bioinformatics (Assuragen, MiRInform,
Dec 2007). Triplicate samples of untreated and cetuximab (C225)-treated UMUCS and KU7
cells were analyzed using this platform. A diagram demonstrating the total number of miRNA
species expressed by the 2 cells without treatment is shown in FIG. 1A (left pancl). All miRNAs
were then ranked according to the differences in expression between the untreated epithelial and
mesenchymal cells with a cut-off of a two-fold difference between the 3 replicate samples of the

cells (FIG. 1A, right panel, red dots).

[0083] Next, we performed a cluster analysis in which we grouped the known (validated) and the
predicted miRNAs by their level of differential expression. One example of such a cluster is
shown in FIG. 1B. Six miR-200 miRNAs were then sclectively expressed at very high levels in
the epithelial UMUCS cells compared to mesenchymal KU7 cells. These miRNAs were miR-
200a, miR-141, miR-200b, miR-200c, miR-429, and miR-205.

[0084] We then used real-time RT PCR analysis to evaluate the expression of the miR-200
family of miRNAs in a panel of 9 bladder cancer cells that display varying sensitivities to anti-
EGFR trecatment. In particular, the panel contained 4 EGFR-sensitive epithelial cell lines
(UMUC6, UMUC9, UMUC16, UMUCS5 and UMUCS6), 5 EGFR-resistant mesenchymal cell
lines (UMUC?2, T24, UMUC3, UMUCI13, and KU7), and 1 cell line that contained markers of
both phenotypes (253J B-V). Importantly, the latter cell line was derived from 253J cells
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through 5 cycles of in vivo selection as previously described (26) with the goal of producing a
more invasive phenotype. Accordingly, the resultant 253J B-V cells were highly invasive in
vitro and in vivo. In particular, the epithelial characteristics of the mother cell were lost in the

253) B-V cells (12).

[0085] As illustrated in FIGS. 1C-1G, we observed increased expression of miR-200c, miR-
200b, miR-205, miR-429, and miR-141 in all the EGFR-sensitive “epithelial” cells, including the
UMUCS cells. In contrast, we observed that the miR-200 expression levels were very low in the
EGFR-resistant “mesenchymal” cells, including the KU7 cells. The 253J BV cells, which
express low levels of E-cadherin and some vimentin (12), and are considered to be part of the
EGFR-sensitive group, displayed co-expression of 3 of the miR-200 family members (FIG. 1D-
G). Overall, the results suggest that the miR-200 family members are important regulators of
EMT and anti-EGFR sensitivity in bladder cancer cells. The results also indicate that the miR-
200 family members can be used as biomarkers to assess the sensitivity of bladder cancer cells to

anti-EGFR treatment.

[0086] In addition, we observed that miR-141 was co-expressed with miR-205 in the EGFR-
sensitive UMUCS5, UMUC6, UMUC9, and UMUCI16 cells. However, the UMUC9 cell line
lacked miR-205, whereas 253J BV cells lacked miR-141 (FIGS. 1 E and 1G).

[0087] MiR-200c is Up-regulated in EGFR-sensitive Cells in Response to Anti-EGFR
Treatment, but not in EGFR-resistant Cells.

[0088] Next, we compared miRNA expression patterns in UMUCS5 and KU?7 cells that were
incubated with or without the anti-EGFR composition C225. The results revealed that miR-200¢
was the only miRNA species induced substantially in the EGFR-sensitive UMUCS cells in
response to C225 treatment. However, no miRNA species, known or predicted, was modulated
substantially by the EGFR-resistant KU7 cells after incubation with C225 (data not shown).
The above-mentioned observations were corroborated by Applicants' personal observations that

C225 treatment induced up-regulation of E-cadherin in EGFR-sensitive UMUCS cells.

[0089] Overall, the above results and observations indicate that miR-200c is a preferred

candidate to usc in a study of the relationship between the EMT and the sensitivity of bladder
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cancer cells to anti-EGFR treatment. The results also indicate that anti-EGFR treatment may up-
regulate the expression of miR-200 miRNAs in EGFR-sensitive bladder cancer cells, but not in

EGFR-resistant cells.

[0090] Because miR-200c, miR-200b, and miR-429 target the same sequences in their target
mRNAs, and because miR-200c seemed to be associated with the EGFR-sensitive epithelial
phenotype, we next decided to use a luciferase-based reporter system to measure the
functionality of miR-200 family members in the above-described panel of bladder cancer cell
lines. In particular, a reporter plasmid harboring a miR-200c site with a miR-200¢ precursor, or
an unrelated miR-26b (control) precursor, were transiently co-transfected into KU7, UMUC3,
UMUCS, and UMUCI3 cells along with a firefly luciferase reporter (pGL3 control) for
normalization. As shown in FIG. 2A, the EGFR-sensitive UMUCS epithelial cell line showed
low baseline luciferase activity as opposed to the EGFR-resistant mesenchymal cell lines (KU7,
UMUC3, and UMUCI13). Such results demonstrated that miR-200 family members expressed
by E-cadherin-positive EGFR-sensitive cells were likely to be functional.

[0091] ZEB1, ZEB2, and ERRFI-1 are Inversely Correlated with miR-200 Expression.

[0092] Further real-time RT-PCR analysis in the same panel of bladder cancer cell lines revealed
that the expression of miR-200 family members was inversely correlated with the expression of
ZEBI1 and ZEB2 (FIGS. 2B and 2C, respectively). In addition, Applicants also observed that the
expression of E-cadherin suppressors ZEB1 and ZEB2 were inversely correlated with the E-
cadherin expression (FIG. 2D). Such results suggest that the EGFR-sensitive epithelial
phenotype of bladder cancer cells may also be regulated by miR-200 family members as it has
been recently described in breast cancer cells (16), NCI-60 cell lines (19), colon cancer cells (17)

and a murine model of EMT (18).

[0093] Furthermore, we also looked for other classical cadherins that are involved in homotypic
interactions and found that P-cadherin was also associated with the expression of miRNAs of the
miR-200 family (FIG. 2E). However, P-cadherin did not correlate with EGFR sensitivity
because it was not expressed by 253J-BV (FIG. 2D compared to FIG. 2E).
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[0094] Next, we utilized the TargetScan and PictarVert databases for potential direct targets of
miR-200b, miR-200c, and miR-429 that would be associated with an EGFR-sensitive phenotype.
Several targets were identified according to their ranking in terms of content of conserved miR-
200 sites and their expression pattern in our panel of bladder cancer cell lines as a result of gene
expression profiling of the 9 cell lines. This list included ZEB1, ZEB2, ERRFI-1, MSN (a
modulator of the cytoskeleton), and an unknown Zn finger transcription factor (ZNF532). A heat
map showing the relative differences between the cell lines with respect to these potential miR-
200 direct targets is shown in FIG. 2F. Further scrutiny for known direct modulators of EGFR-
related signaling eliminated all of the targets except ERRFI-1. In addition, real-time RT-PCR
analysis revealed that ERRFI-1 mRNA levels were very low in 3 of 5 EGFR-sensitive epithelial
cell lines and high in all 3 EGFR-resistant mesenchymal cell lines (FIG. 3A). Such results
suggest that ERRFI-1 is a good candidate target of the miR-200 miRNAs. The results also
indicate that the higher baseline expression of ERRFI-1 may be a component of anti-EGFR-

resistance.

[0095] Analysis of the 3’UTR region of ERRFI-1 and ZEB1/ZEB2 revealed that, although ZEB1
and ZEB2 displayed at least 5 potential binding sites for the miR-200 family members (miR-
200a, miR-200b, miR-200c, miR-429, miR-141, and miR-205), ERRFI-1 displayed 2 such
conserved sites (http: TargetScan.org). ERRFI-1 also displayed an additional miRNA conserved
site for miR-148 and miR-152, which were not found in cither ZEB1 or ZEB2 3’UTRs. We
then analyzed the expression pattern of miR-148 in the panel of bladder cancer cell lines and
found no correlation with an epithelial or a mesenchymal phenotype, which underscored its role

as a primary ERRFI-1 regulator (data not shown).

[0096] Because a property of ERRFI-1 is its ability to bind more tightly to activated EGFR than
to the un-ligated receptor, we next determined which EGFR ligands are expressed by our cell
lines. As shown in FIG. 3B, gene expression array analysis revealed that three of the E-
cadherin-positive and EGFR-sensitive cell lines (253JBV, UMUCI16, and UMUC9) also
expressed TGF-a. However, as also shown in FIG. 3B, none of the mesenchymal EGFR-
resistant cell lines expressed this gene. In addition, these “autocrine-positive” and E-cadherin
positive cells displayed slightly higher levels of the ERRFI-1 protein (FIG. 3A), suggesting that

the “feed-back” mechanism of ligand-induced ERRFI-1 up-regulation is present in these cells, as
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previously described (27). Importantly, UMUCS5 and UMUCS6, each of which are E-cadherin
positive and TGF-a negative, had almost undetectable levels of ERRFI-1 protein (FIGS. 3A and
3B).

[0097] C225 Inhibited Proliferation of EGFR-sensitive Cells, but not EGFR-resistant Cells

[0098] Next, we evaluated the cell growth inhibition of the above-mentioned bladder cancer cell
lines by C225 (cetuximab) based on a *H-thymidine incorporation assay. As shown in FIG. 3C,
the results revealed that cetuximab inhibited cell growth in EGFR-sensitive cells, but not in
EGFR-resistant cells. In particular, the results revealed that KU7, UMUC2, UMUCI3, and
UMUC3 (EGFR-resistant, E-cadherin negative cells that were high expressers of ERRFI-1),
were resistant to up to 1 uM of C225. On the other hand, cell proliferation was inhibited by up
to 40% by 1 uM of C225 in UMUC9, 253]J BV, and UMUC16 (EGFR-sensitive, moderate
ERRFI-1 expressers and high TGF-a expressers), as well as in UMUCS and UMUC6 (EGFR-
sensitive without detectable expression of ERRFI-1 or TFG-a.).

[0099] Applicants further note that the above assays were done in EGF-unstimulated or
“baseline” growth conditions. In particular, the assays were performed in the presence of

Dulbecco’s MEM supplemented with 2% fetal calf serum, which reflects non-optimal conditions

for the inhibitory effects of C225.

[00100] MiR-200c Expression Induced a Mesenchymal to Epithelial Transition (MET)
Phenotype in EGFR-resistant Cells.

[00101] To more directly define the role of miR-200c¢ in enhancing or maintaining EGFR-
sensitivity in bladder cancer cells, we stably transduced the EGFR-resistant mesenchymal
UMUCS3 cells with a retroviral vector containing the miR-200c¢ precursor in accordance with
previously-used methods (16). As shown in FIG. 4A, stable expression of miR-200c in
fibroblast-like mesenchymal UMUC3 cells resulted in morphological changes suggestive of
epithelial differentiation. In particular, it was observed that the cells grew in a more compact
fashion and displayed cobblestone-like cell morphologies. Furthermore, as shown in FIG. 4B,

these changes were associated with a reduced invasive phenotype as measured by in vitro
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wound-healing assays, where the miR-200c-expressing clones showed a significantly reduced

wound-closing efficiency at 48 hours.

[00102] Furthermore, real-time RT-PCR analysis revealed that the miR-200c levels
expressed by the UMUC3 clones (FIG. 4C) were associated with elevated levels of E-cadherin
mRNA transcripts and reduced levels of mRNA transcripts for ZEB1 and ZEB2 (FIG. 4D).
These differences were also true at the protein levels, as shown for ZEBI and ZEB2 using
immunofluorescence microscopy and confocal analysis (FIG. 4E), and for E-cadherin by using
western blot analysis (FIG. 4F). These changes were also associated with a reduced ERRFI-1
protein expression (FIG. 4F). Based on morphological criteria as well as biochemical and
biological behavior, Applicants concluded that the UMUC3/200¢ clones demonstrated an MET
phenotype and reduced ERRFI-1 expression.

[00103] MiR-200c Expression Reversed the Phenotype of EGFR-resistant Cells

[00104]  Expression of miR-200c in UMUC3 cells constantly but modestly reduced the
mRNA transcripts of ERRFI-1 (data not shown) and ERRFI-1 protein levels (FIG. 4F). Without
being bound by theory, the results suggest that an additional post-translational mechanism may

be involved in ERRFI-1 down-regulation in MET clones (FIG. 4F).

[00105] By way of background, it is well documented that EGFR is subject to ligand-induced
down-regulation mediated by receptor internalization and subsequent degradation by lysosome
and the ubiquitin/proteasome system (27-29). Thus, it has recently been suggested that ERRFI-1
is able to bind EGFR molecules, including the trafficking EGFR molecules. It has also been
suggested that ERRFI-1 becomes expressed at a time in which cells contain a sizable population
of activated EGFRs that are being routed through the endosomal compartment. Accordingly, the
blockade of kinase activity imposed by ERRFI-1 to trafficking EGFR molecules is expected to
shift the kinase/phosphatase equilibrium in favor of phosphatases, thereby leading to a decline of
phosphorylated EGFR levels and a concomitant loss of signaling competence (28).

[00106] To interrogate the location of these EGFR/ERRFI-1 complexes, we performed
immunofluorescence staining and confocal microscopy studies of UMUC3 cells co-stained with

antibodies specific for EGFR (FIG. 5A, green pixels) and ERRFI-1 (FIG. 5A, red pixels). The
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results revealed significant co-localized signals (yellow pixels) inside the cytoplasm,
corresponding to high levels of EGFR trafficking, as well as on the cell membrane edges, such as
ruffles. To our surprise, the distribution of EGFR molecules in the UMUC3/200c¢ clones was
very different, with most of the EGFR localized on the cell membrane, suggesting a higher rate
of the surface-recycled EGFR. ERRFI-1 expression (red pixels) was also lower in UMUC3/200c¢
cells compared to UMUC3 controls (FIG. 5 A, middle and right panels, compared to left pancl),
which confirmed our immunoblot analysis. Overall, such results indicate that miR-200c
expression made more epidermal growth factor receptors available on the cell surface of

UMUCS3 cells and therefore reversed the EGFR resistant phenotype.

[00107] MiR-200¢c Expression affects EGFR Downstream Mitogenic Signaling.

[00108] By way of further background, feedback inhibition is an important mechanism of
signaling pathway regulation and is crucial in modulating the intensity and duration of signals
genecrated by receptors. Thus, sustained activation of the signal-regulated kinase group of
MAPKinases is necessary for agonist-induced cell proliferation (30). EGF-stimulated ERK
activation is often relatively transient, and in fibroblasts, EGF is a less effective mitogen than
PDGF. A whole genome expression analysis on two of the UMUC3/200c¢ clones revealed that
they express moderate levels of mRNA/TGF-o, which may be responsible for autocrine loop—
driven bascline EGFR activation, although the overall levels of ERRFI-1 protein are lower than
the empty-vector-transfected UMUC3 cells, as previously described. Given that TGF-a
uncouples internalized EGFR molecules from degradation by driving their rapid recycling to the
cell surface (31, 32), ERRFI-1 may represent a means of restraining the recursive positive
feedback loop generated by autocrine stimulation of the EGFR via TGF-a. Thus, a reduction of
the ERRFI-1 bascline levels in the stable UMUC3/200¢ clones would result in higher baseline
EGFR activation. Western blot analysis demonstrated that UMUC3/200c¢ clones have indeed
higher baseline EGFR autophosphorylation associated with reduced levels of ERRFI-1 as
compared to UMUCS3 controls (FIG. 5B). Furthermore, concentrations of C225 as low as 10 nM
were sufficient to block the baseline MAPKinase activity in UMUC3/200c¢ clones, whereas 1 uM
of C225 had no effect on MAPKinase activity in UMUC3/E (FIG. 5C).
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[00109] Expression_of miR-200 miRNAs Enhances the Sensitivity of Bladder Cancer
Cells to anti-EGFR Treatment

[00110] To determine whether morphological and biochemical changes were relevant for the
mitogenic response to anti-EGFR treatment, we treated UMUC3/E and UMUC3/200¢ clones
with increased concentrations of C225 for 36 hours and measured their proliferation index by a
*H-thymidine incorporation assay (FIG. 5D). The results indicate that UMUC3/200¢ clones
were more sensitive to C225-induced growth inhibition than the UMUC3/E control clones (FIG.
5D). In particular, C225 concentrations of up to 1 uM produced cell-cycle inhibition ranging
from about 40% to about 60%. In fact, such inhibition was similar or even higher in efficiency
than the inhibition observed in other epithelial bladder cancer cells tested under baseline
conditions (data not shown). Furthermore, we obtained the same results when we utilized other

anti-EGFR agents, such as erlotinib (Tarceva) (data not shown).

[00111] The importance of ERRFI-1 in modulating the cell-cycle response to EGFR-targeted
treatment was further demonstrated by specific ERRFI-1 silencing in UMUC3 and T24 cells
(another E-cadherin-negative, EGFR-resistant urothelial cell). As shown in FIGS. 6A and 6B, a
significant reduction of ERRFI-1 levels (FIG. 6A) was associated with a 30% cell-cycle
inhibition of cells treated with 10 nM C225 (FIG. 6B). In addition, transfection of the full-length
myc-tagged ERRFI-1 into sensitive, E-cadherin-positive UMUCS cells resulted in the loss of
EGFR sensitivity to relevant EGFR inhibitor concentrations (FIG. 6C). As we have previously
mentioned, and according to the computer-based prediction programs, the 3°’UTR of the ERRFI-
1 gene contains two putative miR-200 binding sites (FIG. 6D, red rectangles).

[00112] To demonstrate that ERRFI-1 is indeed a direct target of miR-200 family members,
we constructed four constructs, encompassing the 650bp region of the 3’UTR shown in FIG. 6D.
We also modified the two binding sites one by onec as single mutants or both sites as double
mutants. We engineered a two-base-pair site-directed mutagenesis which allowed us to identify
binding differences of miR-200b/c/429 translated to modulation of the luciferase reporter’s
activity (FIG. 6E). Because co-transfection with cither miR-200¢ (FIG. 6E), miR-200b or miR-
429 (data not shown) and wild-type 3’UTR/ERRFI-1 significantly reduced the luciferase activity

in UMUCS3 and T24, and because the double mutant constructs were able to rescue this activity,
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we concluded that ERRFI-1 is a direct target of the miR-200 family members of miRNAs in
these cells (FIG. 6E).

[00113] Because we used M1 and M2 point mutations and not deletions of the miRNA
binding sites, and because the sequence complementarities between the miR-200 miRNAs and
the M2 site is expanding beyond the “seed” region, we cannot conclude that M2 site is less
important than the M1 site, as it may also be the result of a residual binding despite the point

mutations that we introduced at this site.

[00114] To demonstrate that expression of miR-200 into EGRF-resistant T24 cells results in
modulation of cell proliferation response using EGFR inhibitors, we transfected a lentiviral
construct with or without the miR-200b sequence into the T24 cells to yield T24 and T24/200b
clones, respectively. As shown in FIG. 6F, real-time RT-PCR analysis confirmed that the
T24/200b clones had a higher level of miR-200b expression than the T24 clones with the empty
lentiviral vectors. Next, we treated the cells with various concentrations of Iressa (an EGFR
inhibitor) and measured the DNA replication in the cells by a *H thymidine incorporation assay.
We also included UMUCY9 (an EGFR-sensitive cell line) in the experiments as a control. As
shown in FIG. 6G, Iressa was more cffective in inhibiting the DNA replication of the T24/200b
clones than the T24 clones. In fact, Iressa's effect on the DNA replication of T24/200b clones
was similar to its effects on the DNA replication of UMUCY cells. In addition, miR-200b
expression in T24 cells resulted in the expression of E-cadherin and an 18 fold reduction in
ERRFI-1 mRNA (data not shown), suggesting a similar phenotype to the UMUC3/200c¢ clones
described above. Overall, such results further affirm that the expression of miR-200 miRNAs

enhance the sensitivity of bladder cancer cells to anti-EGFR Treatment.

[00115] MiR-200c _Expression in Invasive Bladder Cancers may Identify Patients that

are Sensitive to EGFR Inhibitors but Drug Resistant

[00116] Thirty-two patients with invasive urothelial cancers were stratified by the median
miR-200c expression into two groups. Sixteen of the patients had a radical cystectomy or
transurcthral resection as part of the treatment. The range of miR-200c expression for the sixteen
patients was 1 to 808 with a median value of 122. Ten of those sixteen patients had a miR-200c

expression below the median value for the group. Of the six patients that had miR-200c
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expression above the median value, four are dead of discase (as of October 1, 2009). In addition,
as illustrated in FIG. 7, patients with a miR-200c expression less than the median had an 82%
reduction in their risk for progression as compared to patients with a miR-200c expression above

the median (p<0.05).

[00117] Of the thirty two patients, sixteen patients did not have a radical cystectomy as part
of the treatment. The range of miR-200c expression for these sixteen patients was 14 to 1417.
Six of those sixteen patients had miR-200c expression below the median value for the group. Of
the ten patients with miR-200c expression above the median value, five are dead of disease and

four are alive with disease (as of October 1, 2009).

[00118] In regard to chemotherapy, twenty of the thirty two patients were treated. All but
three of these regimens were platinum based. Eleven of the twenty patients had a miR-200c
below the median value for the group. The range of miR-200c expression for the twenty patients
was 1 to 1417. Of the nine patients with miR-200c¢ expression above the median value, six are
dead of disease and three arc alive with disease. Ten of the twenty chemotherapy patients

underwent cystectomy as a part of the overall treatment.

[00119] Overall, the above results indicate that miR-200 expression in cancer cells may be
used to identify patients that are sensitive to EGFR inhibitors but drug resistant. The results also
indicate that reduced miR-200 levels may improve progression free survival of patients with

canccer.

[00120] Discussion

[00121] The above-described studies indicate that the that expression of the miR-200
miRNAs, in particular miR-200c and miR-200b, are sufficient to reverse the biology of bladder
cancer cells with a "mesenchymal" phenotype, not only by its morphological appearance, but

also by its EGFR signaling.

[00122] More particularly, above-described studies indicate that the expression of miR-200
miRNAs enhance the sensitivity of bladder cancer cells to anti-EGFR treatment. For instance,

the above-described studies illustrate the enhancement of the sensitivity of EGFR-resistant
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mesenchymal cells to anti-EGFR treatment by the introduction of miR-200 miRNAs to the
cancer cells. Importantly, the aforementioned enhancement was demonstrated for two different
mesenchymal cell lines (i.e., UMUC3 and T24), by using two different members of the miR-200
family (i.e., miR-200c and miR-200b), and by using two different anti-EGFR compositions (i.c.,
C225 and Iressa).

[00123] The above-described studies also indicate that miR-200 miRNA levels in bladder
cancer cells are directly correlated to the sensitivity of the cells to anti-EGFR treatment. In
particular, the above studies revealed higher miR-200 expression patterns in EGFR-sensitive
bladder cancer cells than in EGFR-resistant cells. The results also revealed increased miR-200
expression patterns in EGFR-sensitive cells after anti-EGFR treatment. However, EGFR-
resistant cells did not show increased expression patterns after the same anti-EGFR treatments.

Such results can be summarized in Table I below as follows:

Bladder Resistance to Relative miR-200 miRNA Expression Patterns

Cancer anti-EGFR (in the presence or absence of anti-EGFR compositions

Cell Line | Treatment miR-200b miR-200¢ miR-429 miR-205 miR-141 | E-Cadherin
UMUC?2 | Resistant 0 0 0 0 0 0
UMUC3 | Resistant 0 0 0 0 0 0
UMUCI13 | Resistant 0 0 0 0 0 0
KU7 Resistant 0 0 0 0 0 0
UMUC6 | Sensitive 1 1 1 1 1 1
UMUCI16 | Sensitive 1 1 1 1 1 1
UMUCS5 | Sensitive 1 1 1 1 1 1
UMUCY9 | Sensitive 1 1 1 1 1 1
253J BV | Sensitive 1 0 1 1 0 1

Table 1. Relative miR-200 miRNA Expression Patterns in EGFR-resistant and EGFR-sensitive Bladder Cancer
Cell Lines.

[00124] Examples

[00125] Additional details about the experimental aspects of the above-described studies are

discussed in the subsections below.

[00126] Example 1. Cell lines and culture conditions. The UMUC series of urothelial

carcinomas and 253J BV cells were isolated and fingerprinted and genotyped by the specimen

corc at the M. D. Anderson Genitourinary Specialized Program of Research Excellence in
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Bladder Cancer. KU7 cells were supplied by W. Benedict at M. D. Anderson. The cell lines were
maintained at 37C in modified Eagle’s minimum essential medium (MEM) supplemented with
10% fetal bovine serum, vitamins, sodium pyruvate, L-glutamine, penicillin, streptomycin, and

nonessential amino acids.

[00127] Example 2. Reagents and chemicals. ImClone Systems, Inc. (New York, NY)

generously provided cetuximab (C225), a selective antthuman EGFR antagonist monoclonal
antibody in a stock concentration of 2 mg/mL. Iressa (Astra-Zencca) and Erlotinib/Tarceva
(Genentech), which are specific EGFR kinase inhibitors have been generously provided by the
manufacturer or purchased from the UT MD Anderson Pharmacy. The following antibodies were
purchased from the manufacturer’s list and were used for western blot analysis: EGFR (Lab
Vision Corp., Fremont, CA); E-cadherin and P-cadherin (BD Transduction Laboratories,
Lexington, KY); actin, and vinculin (Sigma-Aldrich Corporation, St. Louis, MO); ErbB receptor
inhibitor-1 (ERRFI-1) and pEGFR (Tyr'°®; Cell Signaling Technology, Danvers, MA). Pre-
miRNAs and antagomirs were purchased from Ambion, Inc. (Austin, TX). The TagMan gene
expression assays, miRNA expression assays, and ERRFI-1 were also purchased from Ambion.
The short hairpin RNA (shRNA) against ERRFI-1 and non-targeting controls, as well as miR-

200b RFP lentiviral system were all obtained from Open Biosystems-Thermo Scientific.

[00128] Example 3. Cell proliferation assay. Cells (5 x 10°) were plated in 96-well plates

for 24 hours, serum-starved for 24 hours in 2% fetal calf serum supplemented with MEM, and
then treated with or without EGFR inhibitors at increasing concentrations in an EGF-
nonstimulated environment for 30 hours. We measured the effect of cetuximab (C225), Erlotinib
(Tarceva) and Iressa on DNA synthesis by pulse-labeling cells with “"thymidine (MP
Biomedicals, Santa Ana, CA) for 2 hours followed by lysis in 100 uL of 0.1 mol/LL KOH. Cells

were harvested onto fiberglass filters and incorporated tritium was quantified by B-counter.

[00129]  Example 4. Wound-healing assay. UMUCS3 cells (4 x 10°) were plated in 6-well

plates for 24 to 48 hours (until they reached confluence). A diametric scratch was performed
using a pipette tip followed by 2 culture media changes. Cells were photographed in several pre-
marked spots as time zero. Multiple photographs were then taken at 24 and 48 hours in the same

spots for comparison.
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[00130] Example 5. Plasmid construction and luciferase reporter assays. 3’UTR reporter

plasmids for miR-200c were constructed via insertion of miR-200c¢ seed sequence into the Xbal
restriction site 3’ to luciferase gene in the pGL3-control plasmid (Promega Corp., Madison, WI).
An ERRFI-1 3 UTR segment of 648bp was amplified by PCR from human ¢cDNA and inserted
into the pMIR-REPOR (Ambion) with MIul and Spel sites. For point mutations we used the
QuikChange® II Site-Directed Mutagenesis Kit (Qiagen) following manufactory’s instruction.

The primers for point mutations (U:C) are :

Mutant 1-F: 5'-ccttgtgttgctggttcctattcagtacctectggggattgttt-3';

Mutant 1-R: 5'-aaacaatccccaggaggtactgaataggaaccagcaacacaagg-3';

Mutant 2-F: 5'-cactgatttctgcattatgtgtacagtaccggacaaaggattttattcattttgtt-3'; and
Mutant 2-R: 5'-aacaaaatgaataaaatcctttgtccggtactgtacacataatgcagaaatcagtg-3'.

The sequences of the recombinant plasmids were confirmed by DNA sequencing. Reporter
vector transfection was performed using Lipofectamine-2000 reagent (Invitrogen) as described
previously (25). miRNA transfections were performed using 20 nmol/L Lipofectamine-2000.
Plasmid transfections were carried out similarly but with 50nM/L of reporter plasmid in 24-well
plates plus 0.02 ug cytomegalovirus-renilla.

[00131] Example 6. Real-time reverse transcription-polymerase chain reaction (RT-PCR) to

quantify mature, miRNAs. Total RNA was extracted using a Mirvana extraction reverse

transcription kit (Applied Biosystems) and 10 ng total RNA along with miR-specific primer
miRNA were used for expression analysis. cDNA was synthesized using Tagman miRNA

specific kit (Ambion-Applied Biosystems).

[00132] Example 7. Immunoblots. Cells were treated with cetuximab (C225) for 3 hours,

harvested at approximately 75% to 80%, and lysed. Protein concentration was assayed using the
Bio-Rad protein assay reagent (Bio-Rad Laboratories, Hercules, CA). To prepare cell extracts,
cells were washed 3 times with phosphate-buffered saline, and then lysed with RIPA buffer [50
mM Tris—HCI, pH 7.5; 150 mM NaCl; 0.5% NP-40; 0.1% sodium dodecyl sulfate; 0.1% sodium
deoxycholate; protease inhibitor cocktail (Roche Applied Science, Indianapolis, IN); and 1 mM
sodium ortho-vanadate] for 20 minutes on ice. To measure the activity (phosphorylation) of

EGFR, we used an anti-Tyr-1068--specific antibody (Cell Signaling Technololgy) raised against
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the kinase, which measures the level of autophosphorylated EGFR. Western blot analyses were
performed as previously described (25). Antibodies anti-phosphorylated p42/44 MAPKinase and
pp42/44 were purchased from Cell Signaling Technology. All chemicals were purchased from

Sigma Immunochemicals.

[00133] Example 8. Indirect immunofluorescence staining, Cellular localization of EGFR

and ERRFII was determined using indirect immunofluorescence as previously described (24).
Briefly, cells grown on glass coverslips were fixed (without permeabilization) in 3.7%
paraformaldchyde at room temperature for 10 minutes and then extracted with ice-cold acetone.
Cells were treated with or without anti-EGFR (LabVision, Inc.) and ERRFI-1 antibodies (Cell
Signaling Technology) and then treated with Alexa-488--labeled goat anti-rabbit and Alexa-546-
-labeled goat anti-mouse secondary antibodies (Molecular Probes, Inc., Eugene, OR). Confocal
analysis was carried out using a Zeiss laser-scanning confocal microscope and established
methods involving processing of the same section for each detector (2 excitations corresponding
to 546 and 488). Co-localization of the 2 proteins (EGFR and ERRFI-1) was indicated by the

presence of yellow color as a result of overlapping red and green pixels.

[00134] Example 9. RNA isolation, microarray platform, and statistics. All transcriptome

data were generated from duplicates of the cell lines. Cells were plated and total RNA was
isolated independently using Trizol reagent (Roche), followed by clean-up with RNeasy® Mini
kit (Qiagen, Valencia, CA). RNA was used for the synthesis of biotin-labeled cRNA, which was
prepared using the Illumina RNA amplification kit (Ambion, Inc.). Briefly, 500 ng of total RNA
from each specimen was converted to cDNA then to cRNA by in vitro transcription. After
purification, 1.5 pg of cRNA was fragmented and hybridized to Illumina human-6 v 2 (Illumina,
Inc., San Diego, CA) chip. After being washed, the slides were scanned with Bead Station 500X
(Illumina, Inc.), and the signal intensitics were quantified with Bead Studio (Illumina, Inc.).

Quantile normalization was used to normalize the data.

[00135] Example 10. Statistics. Each experiment was performed at least twice and at least

onc duplicate. MiRNA data normalization was performed by VSN. All calculations including
statistical analysis were performed by one-way or multi-way ANOVA. miRNA target prediction
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and associated mRNA pathway analysis were performed using Ingenuity Pathway Analysis and

TargetScan (www.targetscan.org).

[00136] Without further elaboration, it is believed that one skilled in the art can, using the
description herein, utilize the present invention to its fullest extent. The embodiments described
herein are to be construed as illustrative and not as constraining the remainder of the disclosure
in any way whatsoever. While the preferred embodiments have been shown and described,
many variations and modifications thercof can be made by one skilled in the art without
departing from the spirit and teachings of the invention. Accordingly, the scope of protection is
not limited by the description set out above, but is only limited by the claims, including all
equivalents of the subject matter of the claims. The disclosures of all patents, patent applications
and publications cited herein are hereby incorporated herein by reference, to the extent that they

provide procedural or other details consistent with and supplementary to those set forth herein.
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CLAIMS

What is claimed is:

1.

A method of enhancing the sensitivity of cancer cells to anti-EGFR treatment, said

method comprising an introduction of a miR-200 miRNA to said cancer cells.

The method of Claim 1, wherein said miR-200 miRNA is seclected from the group
consisting of miR-141, miR-200b, miR-200c, miR-205, and miR-429.

The method of Claim 1, wherein said miR-200 miRNA is introduced to said cancer cells

by transfecting said cancer cells with said miR-200 miRNA.

The method of Claim 3, wherein said transfecting comprises the use of a nanovector.

The method of Claim 3, wherein said transfecting comprises lipofection.

The method of Claim 1, wherein said miR-200 miRNA is introduced to said cancer cells

by a targeted delivery method.

The method of Claim 6, wherein said targeted delivery method comprises the use of a

targeting moiety that binds to said cancer cells.

The method of Claim 7, wherein said targeting moiety is seclected from the group

consisting of small molecules, aptamers, dendrimers, and antibodies.

The method of Claim 1, wherein said miR-200 miRNA is introduced to said cancer cells
by transfecting said cancer cells with an expression vector that encodes a nucleotide

sequence for said miR-200 microRNA.

10. The method of Claim 9, wherein said expression vector is a plasmid.
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11

12.

13.

14.

15.

16.

17.

18.

. The method of Claim 1, wherein said miR-200 miRNA is introduced to said cancer cells

by transducing said cancer cells with a viral vector that encodes a nucleotide sequence for

said miR-200 microRNA.

The method of Claim 11, wherein said viral vector 18 a retrovirus.

The method of Claim 1, wherein said enhancing the sensitivity of said cancer cells to
anti-EGFR treatment is characterized by an increase in the effectiveness of said anti-

EGFR treatment.

The method of Claim 13, wherein said effectiveness of said anti-EGFR treatment is

characterized by inhibition of cancer cell growth.

The method of Claim 1, wherein said anti-EGFR treatment comprises treatment of said

cancer cells with one or more anti-EGFR antibodies.

The method of Claim 1, wherein said anti-EGFR treatment comprises the treatment of

said cancer cells with one or more small molecule EGFR tyrosine kinase inhibitors.

The method of Claim 1, wherein said cancer cells are sclected from the group consisting
of bladder cancer cells, breast cancer cells, pancreatic cancer cells, lung cancer cells, and
colon cancer cells.

A method of treating cancer by anti-EGFR treatment, said method comprising:

enhancing the sensitivity of cancer cells to anti-EGFR treatment, wherein said

enhancing comprises an introduction of a miR-200 miRNA to said cancer cells; and

treating said cancer cells with an anti-EGFR composition.
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19.

20.

21.

22.

23.

The method of Claim 18, wherein said miR-200 miRNA is selected from the group
consisting of miR-141, miR-200b, miR-200c, miR-205, and miR-429.

The method of Claim 18, wherein said enhancing is characterized by an increase in the

effectiveness of said anti-EGFR composition.

The method of Claim 18, wherein said anti-EGFR composition is selected from the group

consisting of anti-EGFR antibodies and small molecule EGFR tyrosine kinase inhibitors.
The method of Claim 18, wherein said cancer cells are selected from the group consisting
of bladder cancer cells, breast cancer cells, pancreatic cancer cells, lung cancer cells, and

colon cancer cells.

A method of assessing and enhancing the sensitivity of cancer cells to anti-EGFR

treatment, said method comprising:

measuring the level of a miR-200 miRNA in said cancer cells, wherein said level of

said miR-200 miRNA is directly correlated to said sensitivity of said cancer cells; and

introducing a miR-200 miRNA to said cancer cells to enhance the sensitivity of said

cancer cells to anti-EGFR treatment.

24,

25.

26.

The method of Claim 23, further comprising a step of treating said cancer cells with an

anti-EGFR composition.

The method of Claim 23, wherein said measuring step comprises real-time RT-PCR

analysis of the RNA of said cancer cells.

The method of Claim 23, wherein said measuring step comprises a measurement of a

miR-200 miRNA level in a patient’s blood or urine sample.
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27.

28.

29.

30.

31.

32.

33

The method of Claim 23, wherein said miR-200 miRNA is selected from the group
consisting of miR-141, miR-200b, miR-200c, miR-205, and miR-429.

A composition for enhancing the sensitivity of cancer cells to anti-EGFR treatment, said

composition comprising:

an 1solated miR-200 miRNA; and

a vector containing said isolated miR-200 miRNA.

The composition of Claim 28, wherein said vector is a nanovector.

The composition of Claim 29, wherein said nanovector is a gold particle.

The composition of Claim 28, wherein said vector comprises a targeting moicty that

binds to said cancer cells.

The composition of Claim 31, wherein said targeting moicty is sclected from the group

consisting of small molecules, aptamers, dendrimers, and antibodies.

. The composition of Claim 28, wherein said miR-200 miRNA is selected from the group

consisting of miR-141, miR-200b, miR-200c, miR-205, and miR-429.
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Box No. I Observations where certain claims were found unsearchable (Continuation of item 2 of 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. D Claims Nos.: .

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims 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. I:l Claims 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 inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to from a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1-27, drawn to a method of enhancing the sensitivity of cancer cells to anti-EGFR treatment, a method of treating
cancer by anti-EGFR treatment, and a method of assessing and enhancing the sensitivity of cancer cells to anti-EGFR treatment.

Group II: Claims 28-33, drawn to a composition for enhancing the sensitivity of cancer cells to anti-EGFR treatment.

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:] As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. I:I As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. x 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 is covered by claims Nos.:
Claims 1-27

Remark on Protest I:] The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D 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.

D No protest accompanied the payment of additional search fees.
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Continuation of Box Ill (Lack of Unity of Invention):

The groups listed above do not relate to a single general inventive concept under PCT Rule 13.1 because under PCT Rule 13.2, they
lack the same or corresponding special technical features for the following reasons.

Groups | and |l share the technical feature of miR-200 miRNA. However, this does not represent an improvement over the prior art. US

2009/0163435 A1 (June 2009; Bader et al.) teaches a method of treating a patient comprising administering to the patient an amount of
. an isolated nucleic acid comprising a miR-200 nucleic acid sequence (abstract and claim 44).

Accordingly, unity of invention is lacking.
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