007/0165977 A2 |10 U000 00000 OO

(@

WO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization | ‘1”1‘

International Bureau ) IO O T A O

(10) International Publication Number

WO 2007/016597 A2

(43) International Publication Date
8 February 2007 (08.02.2007)

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
CO7K 16/24 (2006.01) kind of national protection available): AE, AG, AL, AM,

(21) International Application Number: AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
PCT/US2006/030008 CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,

GB, GD, GE, GH, GM, HN, HR, HU, ID, IL, IN, IS, JP,

(22) International Filing Date: 31 July 2006 (31.07.2006) KE. KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,

(25) Filing Language: English LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA,

(26) Publication Language: English NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC,

(30) Priority Data: SD, SE, SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ,
60/703,654 29 July 2005 (29.07.2005)  US UA, UG, US, UZ, VC, VN, ZA, 7ZM, ZW.

(71) Applicant (for all designated States except US): THE
REGENTS OF THE UNIVERSITY OF CALIFORNIA
[US/US]; 1111 Franklin Street, 12th Floor, Oakland, CA
94607-5200 (US).

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

(72) Inventors; and ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
(75) Inventors/Applicants (for US only): KENNY, Paraic, European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
A. [IE/TE]; GLENSHEELAN, RICHMOND, Templemore, FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
Co. Tipperary (IE). BISSELL, Mina, J. [US/US]; 854 Eu- RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA,

clid Avenue, Berkeley, CA 94708 (US). GN, GQ, GW, ML, MR, NE, SN, TD, TG).
(74) Agents: SANTOS, Fernando et al.; LAWRENCE
BERKELEY NATIONAL LABORATORY, OFC. OF
THE LABORATORY COUNSEL- PATENT DEPT., 1 Published:
Cyclotron Road, Ms 90b0104, Berkeley, CA 94720-8127 —  without international search report and to be republished
(US). upon receipt of that report

[Continued on next page]

(54) Title: TARGETING TNF-ALPHA CONVERTING ENZYME (TACE)-DEPENDENT GROWTH FACTOR SHEDDING IN
CANCER THERAPY

A therapeutically tractable autocrine EGFR activation loop which drives the malignancy of T4-2 cells. These data suggest that TACE
inhibition as an alternative strategy to kinase inhibition for tumors dependent an EGFR/ligand interaction.

TAPI-2
TMI-2 (Wyeth)
Ro 32-7315 (Roche)

Trastuzumab, Cetuximab,
AG1478, Iressa, Erotinib

\y/ EGFRHER?
|

7
os Ly plsKﬁaias._ggzns
SR13668 —IAkt ,
o Raf — BAY 43-9006
Rapamycin —mTOR
MTK — PDYB059
ERK

(57) Abstract: The invention provides methods for modulating tumor cell proliferation by contacting cells (e.g. tumor cells) with
a TACE inhibitor and a compound that inhibits EGFR tyrosine kinase, whereby the TACE inhibitor enhances the sensitivity of the
cell to the EGFR tyrosine kinase inhibitor. Additionally, methods for treating cancer and methods for identifying TACE inhibitors
is also provided.



WO 2007/016597 A2 | NI DA 000 0T 000 A0 O

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.



WO 2007/016597 PCT/US2006/030008

TARGETING TNF-0 CONVERTING ENZYME (TACE)- DEPENDENT GROWTH
FACTOR SHEDDING IN CANCER THERAPY

Inventors: Paraic A. Kenny and Mina J. Bissell

CROSS-REFERENCE TO RELATED APPLICATIONS
[001] This application claims priority of U.S. Provisional application Ser. No. 60/703,654,
filed on July 29, 2005, the contents of which are incorporated herein by reference in their

entirety for all purposes.

STATEMENT OF GOVERNMENT SUPPORT
[002] This work was supported by grants from the US Department of Energy, Office of
Biological and Environmental Research (DE-AC03 SF0098, now DE-AC02-05CH1123 1)
and an Innovator Award from the Department of Defense Breast Cancer Research Program
(BC012005) to M.J.B and postdoctoral training fellowships to P.A.K. (DOD BCRP
DAMD17-00-1-0224). The government has certain rights in this invention.

REFERENCE TO ATTACHED SEQUENCE LISTING
[003] This application incorporates by reference the attached sequence listing found in

paper form.

BACKGROUND OF THE INVENTION
Field of the Invention
[004] The present invention relates to inhibition of TNF-a Converting Enzyme (TACE) as a

method for the modulation of tumor cell proliferation.

Related Art
[005] The ability to proliferate independently of signals from other cell types is a
fundamental characteristic of tumor cells. Whether achieved by gene overexpression,
mutation, or amplification, the ability to grow independently of signals from other cell types
is a central feature of tumorigenesis, and the acquisition of self-sufficiency for growth signals
is a critical rate-limiting transition in the evolution of a tumor cell (Hanahan and Weinberg,

2000). Pathways downstream of the Epid Factor Receptor (EGFR) play



WO 2007/016597 PCT/US2006/030008

essential roles in cell proliferation. Genetic ablation of this receptor or of certain ligands
impairs mammary gland development (Luetteke et al., 1999; Wiesen et al., 1999), while
deregulated ErbB pathway signaling contributes to a significant proportion of human cancer
cases, both in the breast and in other tissues (Downward, 2003). Thus, appropriate spatial
and temporal regulation of EGFR signaling is crucial for correct mammary gland
development and for the maintenance of mammary epithelial organization.

[006] The HMT3522 breast cancer progression series originated from purified human breast
epithelial cells derived from reduction mammoplasty (Briand et al., 1987). Early passages
(S1) are spontaneously immortalized, non-malignént cells which require exogenous EGF for
proliferation (Briand et al., 1987) and retain the capacity to differentiate into growth-arrested,
polarized acinar structures with central lJumina when cultured in 3D gels of extracellular
matrix (Petersen et al., 1992). Later passages (T4-2) grow independently of exogenous EGF
and are tumorigenic in vivo (Briand et al., 1996). They fail to arrest growth in the 3D assay
and form large, continuously proliferating apolar colonies. As these cells are ERa-negative
and EGFR/ERBB2-positive, they are representative of a class of breast tumors with poor
prognosis (Slamon et al., 1987; Sommer and Fuqua, 2001). Treatment of T4-2 cells in 3D
culture with inhibitors of components of the EGFR pathway elicits a striking morphological
reversion of this malignant behavior and the assumption of an organized, growth-arrested,
polarized acinar structure (Wang et al., 1998).

[007] Tumors resulting from inappropriate activation of the EGFR are common in multiple
tissues and are, for the most part, refractory to current targeted therapies. Despite the
development of potent, specific EGFR inhibitors, EGFR-dependent tumors of several fissues
remain a substantial clinical problem. Some patients who do respond to therapy have tumors
bearing EGFR mutations (Lynch et al., 2004; Paez et al., 2004), but this explained only a
proportion of responses in these studies, and the association has not been reproduced in
another large study (Tsao et al., 2005). Thus, there is a need in the art to develop

mechanisms to modulate tumor cell proliferation by targeting the activation of the EGFR.

SUMMARY
[008] The present invention provides a method for the modulation of tumor cell
proliferation by the inhibition of TNF-0 Converting Enzyme (TACE) and inhibition of EGFR
tyrosine kinase. The present invention further provides a method for treating cancer.

Additionally, the invention provides a method for identifying a TACE inhibitor.
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[009] One embodiment of the inventions provides a method for modulating cell (e.g. tumor
céll) proliferation by contacting the cell with a TACE inhibitor and contacting the cell with
an EGFR tyrosine kinase inhibitor, whereby the TACE inhibitor sensitizes the cells to the>
effect of an EGFR inhibitor. In some embodiments, the cell is in a mammal, or more
specifically in a human. In some embodiments, the TACE inhibitor is an antisense nucleic
acid molecule, anti-TACE antibody, siRNA oligonucleotide, soluble recombinant TACE
protein fragment, small molecule, peptide, peptide mimetic or combination thereof. In some
embodiments, the small molecule TACE inhibitor is (E)-2(R)-[1(S)-(Hydroxycarbamoyl)-4-
phenyl-3-butenyl]-2'-isobutyl-2'-(methanesulfonyl)-4-methylvalerohydrazide (Ro 32-7315),
(2R, 3S)-2-([[4-(2-butynyloxy)phenyl]sulfonylJamino)-N,3-dihydroxybutanamide (TMI-2),
BMS-561392 (DPC-333), N~(R)-[2-(Hydroxyaminocarbonyl)methyl]-4-methylpentanoyl-L~
naphthylalanyl-L-alanine Amide (TNF-o Protease Inhibitor-0 or TAPI-0), N-(R)-[2-
(Hydroxyaminocarbonyl)methyl]-4-methylpentanoyl-L-naphthylalanyl-L-alanine, 2-
aminoethyl Amide (TNF-a Protease Inhibitor-1 or TAPI-1), or N-(R)-[2-
(Hydroxyaminocarbonyl)methyl]-4-methylpentanoyl-L-z-butyl-alanyl-L-alanine, 2-
aminoethyl Amide (TNF-o Protease Inhibitor-2 or TAPI-2). In some embodiments, the small
molecule is a matrix metalloproteinase (MMP) inhibitor. In some embodiments, the method
includes the further step of contacting the cell with an anilinoquinazoline compound. In
some embodiments, the EGFR tyrosine kinase inhibitor is an antitumor therapeutic. Further,
in some embodiments, the antitumor therapeutic is Erlotinib, Gefitinib, AG 1478, Canertinib
(CI-1033), EKB-569 and Lapatinib (GW572016), Erbitux (Cetuximab), ABX-EGF, EMD-
72000, Thera CIM-h-R3, or HuMax-EGFR. In some embodiments, the proliferation of the
cells (e.g. tumor cells) is inhibited.

[010] Another embodiment of the invention provides a method for treating cancer by
administering to a mammal in need thereof a therapeutically effective amount of a TACE
inhibitor and a therapeutically effective amount of an EGFR tyrosine kinase inhibitor,
whereby the TACE inhibitor sensitizes a cell (e.g. tumor cell) to the effect of an EGFR
inhibitor. In some embodiments, the EGFR tyrosine kinase inhibitor is an antitumor
therapeutic. In some embodiments, the antitumor therapeutic is Erlotinib, Gleevec, Imatinib,
Gefitinib, AG 1478, CEP-1347, leflunomide, Semaxanib, Imidazo[1,2-a]pyrazin-8-ylamines,
Canertinib (CI~1033), EKB-569, Lapatinib (GW572016), or monoclonal antibodies that
target EGFR pathway including but not limited to, Erbitux (Cetuximab), ABX-EGF, EMD-
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72000, Thera CIM-h-R3, HuMax-EGFR, paclitaxel, cisplatin, carboplatin, chemotherapy,
and radiation treatment.

[011] Yet another embodiment of the invention provides a method for identifying a TACE
inhibitor that sensitizes a tumor cell to EGFR tyrosine kinase inhibitor by contacting a cell
(e.g. tumor cell) with a compound suspected of being a TACE inhibitor, contacting the cell
with an EGFR tyrosine kinase inhibitor and determining cell proliferation, whereby a
compound that enhances the sensitivity of the tumor cell to the EGFR tyrosine kinase
inhibitor is identified as a TACE inhibitor. In some embodiments, the cells are in a mammal.
Further, in some embodiments, the mammal is a rodent. In some embodiments, the
compound suspected of being a TACE inhibitor is an antisense nucleic acid molecule, anti-
TACE antibody, siRNA oligonucleotide, soluble recombinant TACE protein fragment, small
molecule, peptide, peptide mimetic or combination thereof. In some embodiments, the
compound suspected of being a TACE inhibitor is a small molecule, which may include

classes of compounds that are matrix metalloproteinase inhibitors.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1. Model. A therapeutically tractable autocrine EGFR activation loop which drives
the malignancy of T4-2 cells. These data suggest that TACE inhibition as an alternative

strategy to kinase inhibition for tumors dependent on EGFR/ligand interaction.

Figure 2. The EGFR Ligands. Amphiregulin and TGFo are upregulated in T4-2 cells. The
relative expression levels of each member of the EGF family of lignads were screened by
RT-PCR. Both Amphiregulin and TGFa were significantly upregulated in T4-2 versus S1

cells.

Figure 3. Amphiregulin and TGFa are upregulated in T4-2 cells and can substitute for EGF
to promote proliferation of S1 cells. S1 cell proliferation in the presence of each ligand is
significantly different from control.

A: S1 cell proliferation in the presence of equimolar EGFR ligands (860 pM) is significantly
different from control.

B: ELISA of CM shows that T4-2 cells secrete significantly more AREG and TGFa. than S1

cells.
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Figure 4. Inhibition of sheddase activity reverts the malignant phenotype of T4-2 cells by
suppressing mobilization of growth factors and downregulating EGFR pathway activity.

A: Analysis of cross-sectional area of T4-2 cells treated with vehicle, AG1478 or TAPI-2 for
four days. Both AG1478 and TAPI-2 treated colonies were significantly different from
controls (p < 0.001).

.B: TAPI-2 treatment results in a dose-dependent reduction in T4-2 cell proliferation that is
completely overcome by addition of soluble EGF. P-values were determined by comparison
to the proliferation in 0 uM TAPI-2 in each case.

C: ELISA of CM from TAPI-2-treated T4-2 cells indicating that it suppresses the shedding of
both AREG and TGFa.

Figure 5. TAPI-2 sensitizes T4-2 cells to the effect of the EGFR inhibitor, AG1478. T4-2
cells were allowed to adhere to 48 well plates. Drugs were added at the indicated
concentrations. Conditions were analyzed in triplicate. For comparison, all data were
normalized to the 100%. The shift of the AG 1478 and 10 uM TAPI-2 treated cell curve to
the left of the curve of the cells treated only with AG 1478 demonstrates that addition of the
TACE inhibitor increases the sensitivity of the cells to the EGFR inhibitor at those doses.

Figure 6. TACE/ADAM17 cleaves both Amphiregulin and TGFo, and promotes T4-2 cell
proliferation.

A: Suppression of TACE expression reduced T4-2 cell proliferation.

B: ELISA analysis of EGFR ligand shedding in T4-2 cells transfected with three siRNA
oligos, either individually or as a pool. Ligand shedding is dependent on the level of TACE
expression.

C: ELISA analysis of the conditioned medium from the experiment showing the reversion of
the malignant phenotype of T4-2 cells in 3D IrECM culture following transfection of siRNA
against TACE. Levels of shed ligands are reduced by TAPI-2 treatment.

Figure 7. TAPI-2 induced reversion of T4-2 cells is a direct result of inhibition of growth
factor ectodomain shedding.

A: Schematic representation of full-length and deletion mutants of Amphiregulin and TGFo:.
ATM mutants lack both the transmembrane and cytoplasmic domain and are thus secreted

without requiring TACE activity.
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B: Analysis of cross-sectional area of T4-2 cells and derivatives in response to
pharmacological inhibition of EGFR and TACE. Bar = median.

Figure 8. Suppression of growth factor shedding by TAPI-2 in a panel of breast cancer cell
lines.

A: Three AREG-expressing breast cancer cell lines were identified. Equal number of cells
were treated with 20 pM TAPI-2 or vehicle for 90 minutes and AREG shedding was
quantified by ELISA.

B: Two breast cancer cell lines expressing TGFo, were identified and treated as described in

(A). TAPI-2 suppresses TGFa shedding.

Figure 9. Kaplan-Meier survival analysis of 295 human breast tumors stratified by marker
expression level

High levels of (A) TACE and (B) TGF« predict poor survival. High levels of (C)
Amphiregulin or (D) ERa are predictive of survival. P values represent the log-rank

comparison between the upper and lower quartiles of marker expression.

BRIEF DESCRIPTION OF THE SEQUENCES
Seq. ID No. 1. Example of peptide shown to inhibit TACE activity.
Seq. ID No. 2. Example of siRNA shown to inhibit TACE activity. Also referred to herein as
siTACEL.
Seq. ID No. 3. Example of siRNA shown to inhibit TACE activity. Also referred to herein as
siTACE2.
Seq. ID No. 4. Example of siRNA shown to inhibit TACE activity. Also referred to herein as
SiTACE3.
Seq. ID No. 5. 1 Primer for cloning of pro-AREG and for RT-PCR.
Seq. ID No. 6. 2™ Primer for cloning of pro-AREG and for RT-PCR.
Seq. ID No. 7. 1% Primer for cloning of pro-TGFa.
Seq. ID No. 8. 2" Primer for cloning of pro-TGFa.
Seq. ID No. 9. pBM-IRES-puro specific primer for cloning of ATM mutants of AREG and
TGFa.
Seq. ID No. 10. AREGATM primer for cloning into pPBM-IRES-puro.
Seq. ID No. 11. TGFaATM primer for cloning into pBM-IRES-puro.
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Seq. ID No. 12. 1* RT-PCR primer for GAPDH.
Seq. ID No. 13. 2" RT-PCR primer for GAPDH.
Seq. ID No. 14. 1* RT-PCR primer for TACE.
Seq. ID No. 15. 2" RT-PCR primer for TACE.
Seq. ID No. 16. 1** RT-PCR primer for TGFo.
Seq. ID No. 17. 2" RT-PCR primer for TGFa.

DETAILED DESCRIPTION OF THE INVENTION

I. Introduction
[012] The present invention provides a method for modulating tumor cell proliferation by
contacting cells (e.g. tumor cells) with a TACE inhibitor and a compound that inhibits EGFR
tyrosine kinase. Additionally, the invention provides a method for treating cancer and a
method for identifying TACE inhibitors. The invention is based on the surprising discovery
that inhibition of protease, TACE/ADAM17, sensitizes tumor cells to an EGFR tyrosine
kinase inhibitor, i.e. reverting the malignant phenotype by preventing mobilization of two
crucial growth factors, Amphiregulin and TGFa. It is also based on the discovery that the
efficacy of EGFR inhibitors is overcome by physiological levels of growth factors and that
successful EGFR inhibition is dependent on reducing ligand bioavailability, which can be
achieved by inhibition of TACE.

II. Definitions
[013] The term “TACE” refers to Tumor Necrosis Factor a Converting Enzyme, which is
also known as ADAM17. The mRNA and amino acid sequences for Homo sapiens can be
found under GenBank accession number NM_003183. The gene encodes an 824-amino acid
polypeptide containing the features of the ADAM family: a secretory signal sequence, a
disintegrin domain, and a metalloprotease domain. Expression studies showed that the
encoded protein cleaves precursor tumor necrosis factor-alpha to its mature form.
[014] The term “EGFR” refers to Epidermal Growth Factor Receptor which is a tyrosirie
protein kinase. The EGFR molecule has 3 regions: one projects outside the cell and contains
the site for binding EGF; the second is embedded in the membrane; the third projects into the
cytoplasm of the cell's interior. EGFR is a kinase that attaches phosphate groups to tyrosine
residues in proteins. The mRNA and amino acid sequences for Homo sapiens can be found

under GenBank accession numbers NM_ 005228, NM_201282, NM_201283, or NM_201284.
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[015] The term “EGFR ligand” refers to a molecule which binds and activates EGFR
tyrosine kinase. By activate, it is intent to mean that the EGFR tyrosine kinase activity is 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 95%, or 98% higher relative to activity in the absence of the EGFR ligand. Examples
of EGFR ligands include HB-EGF, Epiregulin, Amphiregulin, EGF, Neuregulin 1, Cripto,
Neuregulin 2, or TGFa. |

[016] The term “TACE inhibitor” refers to a compound that inhibits TACE activity. By
inhibit, it is intended to mean that the TACE activity is 5%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97% or
98% less activity relative to activity in the absence of the inhibitor. Such a TACE inhibitor
may be an antisense nucleic acid molecule, anti-TACE antibody, siRNA, soluble recombinant
TACE protein fragment, small molecule, peptide, or peptide mimetic.

[017] The term “antitumor therapeutic” means compound that inhibits EGFR tyrosine
kinase. Examples of such an antitumor therapeutic are Erlotinib, Gleevec, Imatinib,
Gefitinib, AG 1478, CEP-1347, leflunomide, Semaxanib, Imidazo[1,2-a]pyrazin-8-ylamines,
Canertinib (CI-1033), EKB-569, Lapatinib (GW572016), or monoclonal antibodies that
target EGFR pathway including but not limited to, Erbitux (Cetuximab), ABX-EGF, EMD-
72000, Thera CIM-h-R3, HuMax-EGFR, paclitaxel, cisplatin, carboplatin, chemotherapy,
and radiation treatment.

[018] The terms “identical” or percent “identity,” in the context of two or more nucleic
acids or polypeptide sequences, refer to two or more sequences or subsequences that are the
same or have a specified percentage of amino acid residues or nucleotides that are the same
(i.e., 60% identity, preferably 65%, 70%, 75%, 80%, 85%, 90%, or 95% identity over a
specified region), when compared and aligned for maximum correspondence over a
comparison window, or designated region as measured using one of the following sequence
comparison algorithms or by manual alignment and visual inspection. Such sequences are
then said to be “substantially identical.” This definition also refers to the compliment of a
test sequence.

[019] The term “homology” or “homologous” means an amino acid similarity measured by
the program, BLAST (Altschul et al (1997), "Gapped BLAST and PSI-BLAST: a new
generation of protein database search programs", Nucleic Acids Res. 25:3389-3402), as found
at http://www.ncbi.nlm.nih.gov/blast/Blast.cgi and expressed as -(% identity n/n). In

measuring homology between a peptide and a protein of greater size, homology is measured
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only in the corresponding region; that is, the protein is regarded as only having the same
general length as the peptide, allowing for gaps and insertions.
[020] The term "effective amount" herein refers to an amount sufficient to elicit the desired
biological response (e.g. modulation of cell proliferation).
[021] The term “therapeutically effective amount” means the amount required to modulate
(e.g. inhibit) the proliferation, development, growth or metastasis of cancerous cells;
reduction of tumor size and growth rate, prolonged survival rate, reduction in concurrent
cancer therapeutics administered to patient. By modulate, it is intended to mean tumor cell
proliferation, development, growth or metastasis of cancerous cells is altered 25%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%., 80%, 85%, 90%, 95%, 96%, 97% or
98% relative to the level of tumor cell proliferation, development, growth or metastasis of
cancerous cells in the absence of a compound.
[022] The term "subject" herein refers to any vertebrate species. Particularly preferred
subjects are mammals, with humans being the most preferred subject.
[023] The term “conservative substitution” means a substitution where an amino acid
residue is substituted for another in the same class, where the amino acids are divided into
non-polar, acidic, basic and neutral classes, as follows: non-polar:(A), Val (V), Leu (L), lle
(D), Phe (F), Trp (W), Pro (P), Met (M); acidic: Asp (D), Glu (E); basic: Lys (K), Arg (R),
His (H); uncharged polar: Gly (G), Ser (S), Thr (T), Cys (C), Asn (N), Gln (Q), Tyr (Y). A
non-conservative amino acid substitution is one where the residues do not fall into the same
class, for example, substitution of a basic amino acid for a neutral or non-polar amino acid.
[024] “RNAi molecule” or an “siRNA” refers to a nucleic acid that forms a double stranded
RNA, which double stranded RNA has the ability to reduce or inhibit expression of a gene or
target gene when the siRNA expressed in the same cell as the gene or target gene. "siRNA"
.thus refers to the double stranded RNA formed by the complementary strands. The
complementary portions of the siRNA that hybridize to form the double stranded molecule
typically have substantial or complete identity. In one embodiment, an siRNA refers to a
nucleic acid that has substantial or complete identity to a target gene and forms a double
stranded siRNA. The sequence of the siRNA can correspond to the full length target gene, or
a subsequence thereof. Typically, the siRNA is at least about 15-50 nucleotides in length
(e.g., each complementary sequence of the double stranded siRNA is 15-50 nucleotides in
length, and the double stranded siRNA is about 15-50 base pairs in length, preferable about
preferably about 20-30 base nucleotides, preferably about 20-25 nucleotides in length, e.g.,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 nucleotides in length.
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[025] The term "antibody" refers to a polypeptide encoded by an immunoglobulin gene or
functional fragments thereof that specifically binds and recognizes an antigen (e.g., TACE or
EGFR). The recognized immunoglobulin genes include the kappa, lambda, alpha, gamma,
delta, epsilon, and mu constant region genes, as well as the myriad immunoglobulin variable
region genes. Light chains are classified as either kappa or lambda. Heavy chains are
classified as gamma, mu, alpha, delta, or epsilon, which in turn define the immunoglobulin
classes, IgG, IgM, IgA, IgD and IgE, respectively.

[026]  An exemplary immunoglobulin (antibody) structural unit conhprises a tetramer. Each
tetramer is composed of two identical pairs of polypeptide chains, each pair having one
"light" (about 25 kDa) and one "heavy" chain (about 50-70 kDa). The N-terminus of-each
chain defines a variable region of about 100 to 110 or more amino acids primarily responsible
for antigen recognition. The terms variable light chain (Vi) and variable heavy chain (Vg)
refer to these light and heavy chains respectively.

[027] Antibodies exist, e.g., as intact immunoglobulins or as a number of well-characterized
fragments produced by digestion with various peptidases. Thus, for example, pepsin digests
an antibody below the disulfide linkages in the hinge region to produce F(ab)'.sub.2, a dimer
of Fab which itself is a light chain joined to V.sub.H-C.sub.H1 by a disulfide bond. The
F(ab)'.sub.2 may be reduced under mild conditions to break the disulfide linkage in the hinge
region, thereby converting the F(ab)'.sub.2 dimer into an Fab' monomer. The Fab' monomer
is essentjally Fab with part of the hinge region (see Fundamental Immunology (Paul ed., 3d
ed. 1993). While various antibody fragments are defined in terms of the digestion of an intact
antibody, one of skill will appreciate that such fragments may be synthesized de novo either
chemically or by using recombinant DNA methodology. Thus, the term antibody, as used
herein, also includes antibody fragments either produced by the modification of whole
antibodies, or those synthesized de novo using recombinant DNA methodologies (e.g., single
chain Fv) or those identified using phage display libraries (see, e.g., McCafferty et al., Nature
348:552-554 (1990)).

III. Method of Modulating Cell Proliferation

[028] One embodiment of the invention provides methods for modulating (e.g. inhibiting or
enhancing) proliferation of cells (e.g. tumor cells). The method comprises contacting cells
(e.g. tumor cells) expressing TACE with a TACE inhibitor and contacting the cells with a
compound that inhibits EGFR tyrosine kinase, whereby the TACE inhibitor enhances the
sensitivity of cells (e.g. tumor cells) to the EGFR inhibitor.

10
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[029] By inhibit, it is intended to mean that TACE activity or EGFR tyrosine kinase activity

is 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,

85%, 90%, 95%, 96%, 97%, 98% less with the compound than activity relative to activity in

the absence of the compound.

[030] By sensitivity, it is intended to mean that there is an increased susceptibility of cells to

modulation (e.g. inhibition) of the proliferation, develbpment, growth or metastasis of

cancerous cells; reduction of tumor size and growth rate, prolonged survival rate, or reduction

in concurrent cancer therapeutics administered to patient.

[031] By enhanced, it is intended to mean that lower concentrations of EGFR inhibitor

would be required when administered with the TACE inhibitor to achieve the same effect

" with EGFR inhibitor alone. Sensitivity of the cell to the compound that inhibits EGFR
tyrosine kinase is enhanced (i.e. reduced concentrations required needed to achieve the same
effect) when the EGFR inhibitor has 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% greater effectiveness

_(i.e. modulation of the proliferation, development, growth or metastasis of cancerous cells;
reduction of tumor size and growth rate, prolonged survival rate, reduction in concurrent
cancer therapeutics administered to patient is reduced) relative to the sensitivity of the cell in
absence of the TACE inhibitor.
[032] The TACE inhibitor and EGFR inhibitor may be administered simultaneously or
sequentially. For example, the TACE inhibitor may be administered first, followed by the
EGFR inhibitor. Alternatively, the EGFR inhibitor may be administered first, followed by
the TACE inhibitor. In some cases, the TACE inhibitor and the EGFR inhibitor are
administered in the same formulation. In other cases the TACE inhibitor and the EGFR
inhibitor are administered in different formulations. When the TACE inhibitor and the EGFR
inhibitor are administered in different formulations, their administration may be simultaneous
or sequential.
[033] In some embodiments, TACE inhibitor is delivered sequentially or in combination
with known anilinoquinazoline compounds (e.g. AG1478, Erlotinib or Gefitinib) and EGFR
inhibitors, thereby improving the efficacy of these compounds and inhibitors in rate of

inhibition of EGFR, Erb2 and other related proteins to inhibit tumor progression and growth.
a. TACE Inhibition

[034] In one embodiment, known methods are used to identify compounds that inhibit

TACE. Such inhibitors include antisense nucleic acid molecules, anti-TACE antibodies,
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siRNA oligonucleotides, soluble recombinant TACE protein fragments, small molecules,
peptides, peptide mimetics or any combination thereof.

V 1. Small Molecules

[035] In one embodiment, the TACE inhibitors are small molecules. Examples of specific
and orally active TACE inhibitors include those developed by Roche (Beck et al., 2002) and
Wyeth (Zhang et al., 2004) for the treatment of arthritis, (E)-2(R)-[1(S)-
(Hydroxycarbamoy!)-4-phenyl-3-butenyl]-2'-isobutyl-2'-(methanesulfonyl)-4-
methylvalerohydrazide (Ro 32-7315) and (2R, 3S)-2~([[4~(2-
butynyloxy)phenyl]sulfonylJamino)-N,3-dihydroxybutanamide (TMI-2), respectively.
Another example of a specific TACE inhibitor is that Bristol Myers-Squibb’s tumor necrosis
factor-alpha (TNF alpha) converting enzyme inhibitor BMS-561392 (DPC-333) for the
potential treatment of diseases characterized by overproduction of TNF alpha, such as
rheumatoid arthritis (RA) (Grootveld M, McDermott MF., Curr Opin Investig Drugs. 2003
May;4(5):598-602). Other examples of specific TACE inhibitors are N-(R)-[2-
(Hydroxyaminocarbonyl)methyl]-4-methylpentanoyl-L-naphthylalanyl-L-alanine Amide
(TNF-o. Protease Inhibitor-0 or TAPI-0), N-(R)-[2-(Hydroxyaminocarbonyl)methyl]-4-
methylpentanoyl-L-naphthylalanyl-L-alanine, 2-aminoethyl Amide (TNF-a, Protease
Inhibitor-1 or TAPI-1), or N-(R)-[2-(Hydroxyaminocarbonyl)methyl]-4-methylpentanoyl-L-
t-butyl-alanyl-L-alanine, 2-aminoethyl Amide (TNF-o Protease Inhibitor-2 or TAPI-2).
[036] In one embodiment, the TACE inhibitor compound is a matrix metalloproteinase
inhibitor. Examples of compounds which may TACE inhibitors are compounds that inhibit
matrix metalloproteinases include but are not limited to GM6001, batimastat, marimastat,
CTI1746, KB-R7785, prinomastat, BAY 129566, Ro32-3,555 and CGS27023A. In some
embodiments, the TACE inhibitor compound is an ADAM inhibitor.

[037] The present invention also incorporates by reference those compounds known to be
TACE inhibitors including but not limited to hydantoin, hydantoin derivatives or related
heterocycles (see e.g. U.S. Patent No. 7,041,693, U.S. Patent No. 6,906,053, U.S. Patent No.
6,890,915, U.S. Patent Pub. No. 20060063818, U.S. Patent Pub. No. 20050171096, U.S.
Patent Pub. N0.20040254231, U.S. Patent Pub. No. 20040209874, U.S. Patent Pub. No.
20040067996 and U.S. Patent Pub. No. 20030130273); cyclic sulfone derivatives (see e.g.
U.S. Patent No. 7,015,217 and U.S. Patent Pub. No. 20030149031); spiro-cyclic f-amino
acid derivatives (see e.g. U.S. Patent No. 6,962,938, U.S. Patent No. 6,720,329, U.S. Patent
Pub. No. 20040132693 and U.S. Patent Pub. No. 20030087882); hydroxamates and
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hydroxamic acid derivatives (see e.g. U.S. Patent No. 7,034,057, U.S. Patent No. 6,946,473,
U.S. Patent No. 6,825,354, U.S. Patent No. 6,812,227, U.S. Patent No. 6,770,647, U.S. Patent
No. 6,762,178, U.S. Patent No. 6,740,649, U.S. Patent No. 6,716,833, U.S. Patent No.
6,548,524, U.S. Patent No. 6,534,491, U.S. Patent No. 6,498,167, U.S. Patent No. 6,340,691,
U.S. Patent No. 6,326,516, U.S. Patent No. 6,277,885, U.S. Patent No. 6,225,311, U.S. Patent
No. 6,200,996, U.S. Patent No. 6,197,795, U.S. Patent No. 6,162,821, U.S. Patent No.
6,162,814, U.S. Patent No. 5,977,408, U.S. Patent No. 5,962,481, U.S. Patent No. 5,929,097,
U.S. Patent Pub. No. 20050215549, U.S. Patent Pub. No. 20050113346, U.S. Patent Pub.
No0.20040127524, U.S. Patent Pub. No. 20040033988, U.S. Patent Pub. No. 20030212049,
U.S. Patent Pub. No. 20030208066, U.S. Patent Pub. No. 20030181441, U.S. Patent Pub. No.
20030139388, U.S. Patent Pub. No. 20030130257, U.S. Patent Pub. No. 20030130238, U.S.
Patent Pub. No. 20030008849, U.S. Patent Pub. No. 20020188132, U.S. Patent Pub. No.
20020147342, U.S. Patent Pub. No. 20020132826, U.S. Patent Pub. No. 20010056088, U.S.
Patent Pub. No. 20010051614, U.S. Patent Pub. No. 20010046989 and U.S. Patent Pub. No.
20010025047); Barbituric acid derivatives (see e.g. U.S. Patent No. 6,936,620, U.S. Patent
Pub. No. 20030229084 and U.S. Patent Pub. No. 20030166647); bicyclic lactam derivatives.
(see e.g. U.S. Patent No. 6,884,806 and U.S. Patent Pub. No. 20030181438); Acetylenic
sulfonamide thiol tace and derivatives (see e.g. U.S. Patent No. 6,313,123 and U.S. Patent
Pub. No. 20020103163); N-sulfonylpiperidines (see e.g. U.S. Patent Pub. No. 20060142336);
sulphonamide derivatives (see e.g. U.S. Patent Pub. No. 20050256176); substituted 1,3~
dihydro-imidazol-2-one and its derivates (see e.g. U.S. Patent Pub. No. 20050075384); uracil
derivatives (see e.g. U.S. Patent Pub. No. 20030229081); beta-sulfone derivatives (see e.g.
U.S. Patent Pub. No. 20030212056); or other small molecules (see e.g. U.S. Patent Pub. No.
20040186088).

[038] Thus, in a preferred embodiment, TACE inhibitor compounds are small molecules,
including specific and orally active TACE inhibitors and their derivatives and analogs, are
delivered to a subject for TACE inhibition to reduce of the levels of circulating growth
factors by inhibiting growth factor shedding to prevent tumor growth and progression. In a
preferred embodiment, it may be preferred that the manufacturers’ directions as to
administration and delivery be followed. However, it is anticipated that lower dosages and
different delivery routes and methods may be used in accordance to dosages and delivery
used for neoplastic therapies and treatments as is known in the art.

2. Peptides
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[039] In another embodiment, the TACE inhibitors are peptides. For example the peptide,
TRWLVYFSRPYLVAT, has been shown to bind to TACE and inhibit the TNF-alpha release
from LPS-stimulated human peripheral blood mononuclear cells (PBMC) (Lovering F, Zhang
Y, Therapeutic potential of TACE inhibitors in stroke, Curr Drug Targets CNS Neurol
Disord. 2005 Apr;4(2):161-8), can be used to inhibit TACE. In one embodiment, the
peptide, TRWLVYFSRPYLVAT, or a sequence having a percent identity of at least 70%,
75%, 80%, 85%, more preferably 90%, 95%, and even more preferably 97%, 98%, 99%,
100%, is delivered to a subject to reduce of the levels of circulating growth factors by
inhibiting growth factor shedding to prevent tumor growth and progression.. In another
embodiment, the invention also encompasses nucleic acids which encode the inhibitory
TACE peptides.
[040] The peptides may be made and purified by methods known in the art, preferably by in
vitro automated synthesis, but also by recombinant DNA methods. Furthermore, these
peptides can be synthesized using L-amino acids, non-natural or other modified amino acids,
as is known in the art, in order to synthesize peptides which can act upon targets in the body
and be degraded, yet do not interfere with normal protein function. The peptides can be
stored in lyopholized form and dissolved in aqueous buffers or water prior to use. For the
purposes of experimental use, the peptides are dissolved in sterilized degassed buffers to
optimize biological activity which remains stable over 1-6 months at 4° C.
[041] The TACE inhibitory peptides may be prepared according to known pharmaceutical
technology. They may be administered singly or in combination, and may further be
administered in combination with other cardiovascular drugs as k;lown and determined by
those familiar with the art. They may be conventionally prepared with excipients and
stabilizers in sterilized, lyophilized powdered form for injection, or prepared with stabilizers
and peptidase inhibitors of oral and gastrointestinal metabolism for oral administration. It is
further contemplated that the peptides of the invention can be administered by methods
including, but not limited to, intravenous, infusion, rectal, inhalation, transmucosal or
intramuscular administration.

3. siRNA Oligonucleotides
[042] In another embodiment, siRNA is used to inhibit TACE. siRNAs were generated
against the following TACE sense strand sequences: CCAGAGACUCGAGAAGCUUtt
(siTACE1), GCAGCAUUCGGUAAGAAAALt (siTACE2) and
CGAGAACAAUAAGAUGUUULt (siTACE3). In one embodiment, each individual siRNA

can be transfected either individually or in combination at about 10nM to about 250nM. In a
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preferred embodiment, each individual siRNA can be transfected either individually or in
combination at about 50nM to about 200nM, and even more preferably at about 75nM to
about 150nM. In another embodiment, any combination of the three siRNAs can be
transfected wherein the total of the siRNAs is about 10nM to 250nM. In a preferred
embodiment, any combination of the three siRNAs can be transfected wherein the total of the
siRNAs is about 50nM to about 200nM, and even more preferably at about 75nM to about
150nM.

[043] siRNA can be made using methods and algorithms such as those described by Wang
L, Mu FY. (2004) A Web-based Design Center for Vector-based siRNA and siRNA cassette.
Bioinformatics. (In press); Khvorova A, Reynolds A, Jayasena SD. (2003) Functional
siRNAs and miRNAs exhibit strand bias. Cell. 115(2):209-16; Harborth J, Elbashir SM,
Vandenburgh K, Manninga H, Scaringe SA, Weber K, Tuschl T. (2003) Sequence, chemical,
and structural variation of small interfering RNAs and short hairpin RNAs and the effect on
mammalian gene silencing. Antisense Nucleic Acid Drug Dev. 13(2):83-105; Reynolds A,
Leake D, Boese Q, Scaringe S, Marshall WS, Khvorova A. (2004) Rational siRNA design for
RNA interference. Nat Biotechnol. 22(3):326-30 and Ui-Tei K, Naito Y, Takahashi F,
Haraguchi T, Ohki-Hamazaki H, Juni A, Ueda R, Saigo K. (2004) Guidelines for the
selection of highly effective siRNA sequences for mammalian and chick RNA interference.
Nucleic Acids Res. 32(3):936-48, which are hereby incorporated by reference.

[044] Other tools for constructing siRNA sequences are web tools such as the siRNA Target
Finder and Construct Builder available from GenScript (http://www.genscript.com), Oligo
Design and Analysis Tools from Integrated DNA Technologies
(http://www.idtdna.com/SciTools/SciTools.aspx), or siDESIGN ™ Center from Dharmacon,
Inc. (http://design.dharmacon.com/default.aspx?source=0). siRNA are suggested to be built
using the ORF (open reading frame) as the target selecting region, preferably 50-100 nt
downstream of the start codon. Because siRNAs function at the mRNA level, not at the
protein level, to design an siRNA, the precise target mRNA nucleotide sequence may be
required. Due to the degenerate nature of the genetic code and codon bias, it is difficult to
accurately predict the correct nucleotide sequence from the peptide sequence. Additionally,
since the function of siRNAs is to cleave mRNA sequences, it is important to use the mRNA
nucleotide sequence and not the genomic sequence for siRNA design, although as noted in
the Examples, the genomic sequence can be successfully used for siRNA design. However,
designs using genomic information might inadvertently target introns and as a result the

siRNA would not be functional for silencing the corresponding mRNA.
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[045] Rational siRNA design should also minimize off-target effects which often arise from
bartial complementarity of the sense or antisense strands to an unintended target. These
effects are known to have a concentration dependence and one way to minimize off-target
effects is often by reducing siRNA concentrations. Another way to minimize such off-target
effects is to screen the siRNA. for target specificity.
[046] In one embodiment, the siRNA can be modified on the 5’-end of the sense strand to
present compounds such as fluorescent dyes, chemical groups, or polar groups. Modification
at the 5'-end of the antisense strand has been shown to interfere with siRNA silencing activity
and therefore this position is not recommended for modification. Modifications at the other
three termini have been shown to have minimal to no effect on silencing activity.
[047] It is recommended that primers be designed to bracket one of the siRNA cleavage
sites as this will help eliminate possible bias in the data (i.e., one of the primers should be
upstream of the cleavage site, the other should be downstream of the cleavage site). Bias may
be introduced into the experiment if the PCR amplifies either 5' or 3' of a cleavage site, in
part because it is difficult to anticipate how long the cleaved mRNA product may persist prior
to being degraded. If the amplified region contains the cleavage site, then no amplification
can occur if the siRNA has performed its function.

4. Antisense Oligonucleotides
[048] In another embodiment, antisense oligonucleotides (“oligos) can be designed to
inhibit TACE activity. Antisense oligonucleotides are short single-stranded nucleic acids,
which function by selectively hybridizing to their target mRNA, thereby blocking translation.
Translation is inhibited by either RNase H nuclease activity at the DNA:RNA duplex, or by
inhibiting ribosome progression, thereby inhibiting protein synthesis. This results in
discontinued synthesis and subsequent loss of function of the protein for which the target
mRNA encodes.
[049] In a preferred embodiment, antisense oligos are phosphorothioated upon synthesis and
purification, and are usually 18-22 bases in length. It is contemplated that the Rac1b and
other candidate gene antisense oligos may have other modifications such as 2'-O-Methyl
RNA, methylphosphonates, chimeric oligos, modified bases and many others modifications,
including fluorescent oligos.
[050] In a preferred embodiment, active antisense oligos should be compared against
control oligos that have the same general chemistry, base composition, and length as the
antisense oligo. These can include inverse sequences, scrambled sequences, and sense

sequences. The inverse and scrambled are recommended because they have the same base
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composition, thus same molecular weight and Tm as the active antisense oligonucleotides.
Rational antisense oligo design should consider, for example, that the antisense oligos do not
anneal to an unintended mRNA or do not contain motifs known to invoke
immunostimulatory responses such as four contiguous G residues, palindromes of 6 or more
bases and CG motifs. |
[051] Antisense oligonucleotides can be used in vitro in most cell types with good results.
However, some cell types require the use of transfection reagents to effect efficient transport
into cellular interiors. It is recommended that optimization experiments be performed by
using differing final oligonucleotide concentrations in the 1-5pm range with in most cases the
addition of transfection reagents. The window of opportunity, i.e., that concentration where
you will obtain a reproducible antisense effect, may be quite narrow, where above that range
you may experience confusing non-specific, non-antisense effects, and below that range you
~may not see any results at all. In a preferred embodiment, down regulation of the targeted
mRNA will be demonstrated by use of techniques such as northern blot, real-time PCR,
cDNA/oligo array or western blot. The same endpoints can be made for in vivo experiments,
while also assessing behavioral endpoints.
[052] For cell culture, antisense oligonucleotides should be re-suspended in sterile nuclease-
free water (the use of DEPC-treated water is not recommended). Antisense oligonucleotides
can be purified, lyophilized, and ready for use upon re-suspension. Upon suspension,
antisense oligonucleotide stock solutions may be frozen at -20 °C and stable for several
weeks.

5. Antibodies
[053] In other embodiments, such antibodies that specifically bind or inhibit TACE, may be
used to inhibit TACE. Such use of antibodies has been demonstrated by others and may be
useful in the present invention to inhibit or downregulate TACE.
[054] For preparation of antibodies, e.g., recombinant, monoclonal, or polyclonal
antibodies, many technique known in the art can be used (see, e.g., Kohler & Milstein, Nature
256:495-497 (1975); Kozbor et al., Inmunology Today 4: 72 (1983); Cole et al., pp. 77-96 in
Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc. (1985); Coligan, Current
Protocols in Immunology (1991); Harlow & Lane, Antibodies, A Laboratory Manual (1988);
and Goding, Monoclonal Antibodies: Principles and Practice (2d ed. 1986)). The genes
encoding the heavy and light chains of an antibody of interest can be cloned from a cell, e.g.,
the genes encoding a monoclonal antibody can be cloned from a hybridoma and used to

produce a recombinant monoclonal antibody. Gene libraries encoding heavy and light chains
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of monoclonal antibodies can also be made from hybridoma or plasma cells. Random
combinations of the heavy and light chain gene products generate a large pool of antibodies
with different antigenic specificity (see, e.g., Kuby, Inmunology (3.sup.rd ed. 1997)).
Techniques for the production of single chain antibodies or recombinant antibodies (U.S. Pat.
No. 4,946,778, U.S. Pat. No. 4,816,567) can be adapted to produce antibodies to polypeptides
of this invention. Also, transgenic mice, or other organisms such as other mammals, may be
used to express humanized or human antibodies (see, e.g., U.S. Pat. Nos. 5,545,807;
5,545,806; 5,569,825; 5,625,126; 5,633,425; 5,661,016, Marks et al., Bio/Technology
10:779-783 (1992); Lonberg et al., Nature 368:856-859 (1994); Morrison, Nature 368:812-13
(1994); Fishwild et al., Nature Biotechnology 14:845-51 (1996); Neuberger, Nature
Biotechnology 14:826 (1996); and Lonberg & Huszar, Intern. Rev. Immunol. 13:65-93
(1995)). Alternatively, phage display technology can be used to identify antibodies and
heteromeric Fab fragments that specifically bind to selected antigens (see, e.g., McCafferty et
al., Nature 348:552-554 (1990); Marks et al., Biotechnology 10:779-783 (1992)). Antibodies
can also be made bispecific, i.e., able to recognize two different antigens (see, €.g., WO
93/08829, Traunecker et al., EMBO J. 10:3655-3659 (1991); and Suresh et al., Methods in
Enzymology 121:210 (1986)). Antibodies can also be heteroconjugates, €.g., two covalently
joined antibodies, or immunotoxins (see, e.g., U.S. Pat. No. 4,676,980, WO 91/00360; WO
92/200373; and EP 03089).

[055] Methods for humanizing or primatizing non-human antibodies are well known in the
art. Generally, a humanized antibody has one or more amino acid residues introduced into it
from a source which is non-human. These non-human amino acid residues are often referred
to as import residues, which are typically taken from an import variable domain.
Humanization can be essentially performed following the method of Winter and co-workers
‘(see, e.g., Jones et al., Nature 321:522-525 (1986); Riechmann et al., Nature 332:323-327
(1988); Verhoeyen et al., Science 239:1534-1536 (1988) and Presta, Curr. Op. Struct. Biol.
2:593-596 (1992)), by substituting rodent CDRs or CDR sequences for the corresponding
sequences of a human antibody. Accordingly, such humanized antibodies are chimeric
antibodies (U.S. Pat. No. 4,816,567), wherein substantially less than an intact human variable
domain has been substituted by the corresponding sequence from a non-human species. In
practice, humanized antibodies are typically human antibodies in which some CDR residues
and possibly some FR residues are substituted by residues from analogous sites in rodent

antibodies.
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b. EGFR Tyrosine Kinase Inhibitors ,
‘[056] TACE inhibitor is administered in conjunction with an agent that inhibits EGFR
tyrosine kinase activity for treating or preventing EGFR-dependent cancers. Such agents
include small molecules, antisense nucleic acids, sSiRNA oligoriucleotides, anti-EGFR
antibodies, peptides and peptide mimetics. Such small molecule inhibitors include but are
not limited to, Erlotinib, Gefitinib, AG 1478, Canertinib (CI-1033), EKB-569 and Lapatinib
(GW572016). Monoclonal antibodies that target EGFR pathway include but are not limited
to, Erbitu); (Cetuximab), ABX-EGF, EMD-72000, Thera CIM-h-R3, and HuMax-EGFR.

¢. Tumor Cells
[057] The present method can be used on tumors resulting from inappropriate activation of
the EGFR pathway. EGFR-dependent tumors are common in multiple tissues. Tissues
which typically have EGFR-dependent tumors include breast tissue, lung tissue, colon tissue
or pancreatic tissue. Examples of other tissues which can have EGFR-dependent tumors
include but are not limited to skin, kidney, brain, liver, thyroid and prostate. This is not
intended to limit the scope of types of tissue cells, rather those with knowledge and skill in
the art will appreciate other cells on which the present method may be utilized.
[058] The method can be used on any cell that expresses TACE. Preferably, the cell is ina
mammal. Examples of mammals include but are not limited to rodents, rabbits, primates,

humans, dogs, cats, or farm animals (e.g. horses, cows, sheep, pigs, etc.).

IV. Method of Treating Cancer

[059] Another embodiment of the invention provides a method for the treatment of cancer
of a mammal in need of a therapeutically effective amount of a TACE inhibitor and a
therapeutically effective amount of an EGFR tyrosine kinase inhibitor, whereby the TACE
inhibitor enhances the sensitivity of the cell to the EGFR inhibitor.

[060] The TACE inhibitor and EGFR inhibitor may be administered simultaneously or
sequentially. For example, the TACE inhibitor may be administered first, followed by the
EGFR inhibitor. Alternatively, the EGFR inhibitor may be administered first, followed by
the TACE inhibitor. In some cases, the TACE inhibitor and the EGFR inhibitor are
administered in the same formulation. In other cases the TACE inhibitor and the EGFR
inhibitor are administered in different formulations. When the TACE inhibitor and the EGFR
inhibitor are administered in different formulations, their administration may be simultaneous

or sequential.
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[061] TACE inhibitor is administered in conjunction with a therapeutic agent that inhibits
EGFR tyrosine kinase activity for treating or preventing EGFR-dependent cancers. Such
agents include small molecules, antisense nucleic acids, siRNA oligonucleotides, anti-EGFR
antibodies, peptides and peptide mimetics. Such small molecule inhibitors include but are
not limited to, Erlotinib, Gefitinib, AG 1478, Canertinib (CI-1033), EKB-569 and Lapatinib
(GW572016). Monoclonal antibodies that target EGFR pathway include but are not limited
to, Erbitux (Cetuximab), ABX-EGF, EMD-72000, Thera CIM-h-R3, and HuMax-EGFR.
[062] In some embodiments, the TACE inhibitor is an antisense nucleic acid molecule, anti-
TACE antibodie, siRNA, soluble recombinant TACE protein fragment, small molecule,
peptide, peptide mimetic or combination thereof.

[063] In some embodiments, the EGFR inhibitor is an antitumor therapeutic. The antitumor
therapeutic is Erlotinib, Gleevec, Imatinib, Gefitinib, AG 1478, CEP-1347, leflunomide,
Semaxanib, Imidazo[1,2-a]pyrazin-8-ylamines, Canertinib (CI-1033), EKB-569, Lapatinib
(GW572016), or monoclonal antibodies that target EGFR pathway including but not limited
to, Erbitux (Cetuximab), ABX-EGF, EMD-72000, Thera CIM-h-R3, HuMax-EGFR,
paclitaxel, cisplatin, carboplatin, chemotherapy, and radiation treatment.

[064] In one embodiment, the method is used to treat cancers caused by tumors resulting
from inappropriate activation of the EGFR pathway which is common in multiple tissues.
Breast cancer, lung cancer, colon cancer and pancreatic cancer are examples of cancers
caused by the inappropriate activation of EGFR. Other cancers caused by the activation of
EGFR (e.g skin, kidney, brain, liver, thyroid and prostate) can also be treated with the present
method.

[065] In one embodiment, the method may be used to treat a mammal with a cancer caused
by tumors resulting from inappropriate activation of the EGFR pathway. Examples of
mammals include rodents, rabbits, primates, humans, dogs, cats, or farm animals (e.g. horses,
cows, sheep, pigs, etc.).

[066] In a further embodiment, a TACE inhibitor is delivered sequentially or in combination
with known anilinoquinazoline compounds and EGFR inhibitors, thereby improving the
efficacy of these compounds and inhibitors in rate of inhibition of EGFR, Erb2 and other
related proteins to inhibit tumor progression and growth.

[067] In one embodiment, these compounds may prove efficacious in selected subsets of
patients, one such cohort being those who depend on TACE-dependent autocrine stimulation
of EGFR/ErbB2.

a. Routes of Administration/Formulations
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[068] The TACE inhibitor and EGFR tyrosine kinase inhibitor can be used to treat or
prevent a variety of disorders associated with cancer. The small molecules, antibodies,

| peptides and nucleic acids are administered to a patient in an amount sufficient to elicit a
therapeutic response in the patient (e.g., inhibiting the development, growth or metastasis of
cancerous cells; reduction of tumor size and growth rate, prolonged survival rate, reduction in
concurrent cancer therapeutics administered to patient). An amount adequate to accomplish
this is defined as “therapeutically effective dose or amount.”

[069] The small molecules, antibodies, peptides and nucleic acids of the invention can be
administered directly to a mammalian subject using any route known in the art, inéluding
e.g., by injection (e.g., intravenous, intraperitoneal, subcutaneous, intramuscular, or
intradermal), inhalation, transdermal application, rectal administration, or oral administration.
[070] The pharmaceutical compositions of the invention may comprise a pharmaceutically
acceptable carrier. Pharmaceutically acceptable carriers are determined in part by the
particular composition being administered, as well as by the particular method used to
administer the composition. Accordingly, there are a wide variety of suitable formulations of
pharmaceutical compositions of the present invention (see, e.g., Remington’s Pharmaceutical
Sciences, 17th ed., 1989).

[071] As used herein, “carrier” includes any and all solvents, dispersion media, vehicles,
coatings, diluents, antibacterial and antifungal agents, isotonic and absorption delaying
agents, buffers, carrier solutions, suspensions, colloids, and the like. The use of such media
and agents for pharmaceutical active substances is well known in the art. Except insofar as
any conventional media or agent is incompatible with the active ingredient, its use in the
therapeutic compositions is contemplated. Supplementary active ingredients can also be
incorporated into the compositions.

[072] The phrase “pharmaceutically-acceptable” refers to molecular entities and
compositions that do not produce an allergic or similar untoward reaction when administered
to a human. The preparation of an aqueous composition that contains a protein as an active
ingredient is well understood in the art. Typically, such compositions are prepared as
injectables, either as liquid solutions or suspensions; solid forms suitable for solution in, or
suspension in, liquid prior to injection can also be prepared. The preparation can also be
emulsified.

[073] Administration of the small molecules, antibodies, peptides and nucleic acids of the
invention can be in any convenient manner, e.g., by injection, intratumoral injection,

intravenous and arterial stents (including eluting stents), cather, oral administration,
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inhalation, transdermal application, or rectal administration. In some cases, the small
molecules, antibodies, peptides and nucleic acids are formulated with a pharmaceutically
acceptable carrier prior to administration. Pharmaceutically acceptable carriers are
determined in part by the particular composition being administered (e.g., nucleic acid or
polypeptide), as well as by the particular method used to administer the composition.

Accordingly, there are a wide variety of suitable formulations of pharmaceutical

compositions of the present invention (see, e.g., Remington’s Pharmaceutical Sciences, 17th
ed., 1989).

[074] The dose administered to a patient, in the context of the present invention should be
sufficient to effect a beneficial therapeutic response in the patient over time. The dose will be
determined by the efficacy of the particular vector (e.g. peptide or nucleic acid) employed
and the condition of the patient, as well as the body weight or surface area of the patient to be
treated. The size of the dose also will be determined by the existence, nature, and extent of
any adverse side-effects that accompany the administration of a particular peptide or nucleic
acid in a particular patient.

[075] In determining the effective amount of the vector (e.g., small molecule, antibody,
peptide, or nucleic acid) to be administered in the treatment or prophylaxis of diseases or
disorder associated with the disease, the physician evaluates circulating plasma levels of the
small molecule, antibody, polypeptide or nucleic acid, polypeptide or nucleic acid toxicities,
progression of the disease (e.g., cancer). The dose for a small molecule is generally from
about 0.1 to about 100 mg per kg, preferably from about 0.2 to about 50 mg per kg, most
preferably from about 0.5 to about 25 mg per kg body weight. ‘Typically, the dose equivalent
of a polypeptide is from about 0.1 to about 50 mg per kg, preferably from about 1 to about 25
mg per kg, most preferably from about 1 to about 20 mg per kg body weight. In general, the
dose equivalent of a naked nucleic acid is from about 1 pg to about 100 pg for a typical 70
kilogram patient, and doses of vectors which include a viral particle are calculated to yield an
equivalent amount of therapeutic nucleic acid.

[076] In another embodiment, dosage levels are of the order of from about 0.1 milligram to
about 140 milligram per kilogram of body weight per day are useful in treatment (about 0.5
milligram to about 7 gram per human patient per day). The amount of active ingredient that
may be combined with the carrier materials to produce a single dosage form will vary

depending upon the host treated and the particular mode of administration. Dosage unit
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forms will generally contain between from about 1 milligram to about 500 milligram of an
active ingredient. | |

[077] For administration, small molecules, antibodies, polypeptides and nucleic acids of the
present invention can 'be administered at a rate determined by the LD-50 of the small
molecule, antibody, polypeptide or nucleic acid, and the side-effects of the small molecule,
antibody, polypeptide or nucleic acid at various concentrations, as applied to the mass and
overall health of the patient. Administration can be accomplished via single or divided doses,
e.g., doses administered on a regular basis (e.g., daily, weekly, monthly) for a period of time
(e.g.,2,3,4,5,6, 7 days or 1-3 weeks or 1-3 months or more).

[078] In certain circumstances it will be desirable to deliver the pharmaceutical
compositions comprising the TACE inhibitor of the present invention parenterally,
intravenously, intramuscularly, or even intraperitoneally as described in U.S. Patent
5,543,158; U.S. Patent 5,641,515 and U.S. Patent 5,399,363. Solutions of the active
compounds as free base or pharmacologically acceptable salts may be prepared in water
suitably mixed with a surfactant, such as hydroxypropylcellulose. Dispersions may also be
prepared in glycerol, liquid polyethylene glycols, and mixtures thereof and in oils. Under
ordinary conditions of storage and use, these preparations contain a preservative to prevent
the growth of microorganisms.

[079] The pharmaceutical forms suitable for injectable use include sterile aqueous solutions
or dispersions and sterile powders for the extemporaneous preparation of sterile injectable
solutions or dispersions (U.S. Patent 5,466,468). In all cases the form must be sterile and
must be fluid to the extent that easy syringability exists. It must be stable under the
conditions of manufacture and storage and must be preserved against the contaminating
action of microorganisms, such as bacteria and fungi. The carrier can be a solvent or
dispersion medium containing, for example, water, ethanol, polyol (e.g., glycerol, propylene
glycol, and liquid polyethylene glycol, and the like), suitable mixtures thereof, and/or
vegetable oils. Proper fluidity may be maintained, for example, by the use of a coating, such
as lecithin, by the maintenance of the required particle size in the case of dispersion and by
the use of surfactants. The prevention of the action of microorganisms can be facilitated by
various antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol,
sorbic acid, thimerosal, and the like. In many cases, it will be preferable to include isotonic
agents, for example, sugars or sodium chloride. Prolonged absorption of the injectable
compositions can be brought about by the use in the compositions of agents delaying

absorption, for example, aluminum monostearate and gelatin.
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[080] For parenteral administration in an aqueous solution, for example, the solution should
be suitably buffered if necessary and the liquid diluent first rendered isotonic with sufficient
saline or glucose. These particular aqueous solutions are especially suitable for intravenous,
intramuscular, subcutaneous and intraperitoneal administration. In this connection, a sterile
aqueous medium that can be employed will be known to those of skill in the art in light of the
present disclosure. For example, one dosage may be dissolved in 1 m] of isotonic NaCl
solution and either added to 1000 ml of hypodermoclysis fluid or injected at the proposed site
of infusion (see, e.g., Remihgton 's Pharmaceutical Sciences, 15th Edition, pp. 1035-1038
and 1570-1580). Some variation in dosage will necessarily occur depending on the condition
of the subject being treated. The person responsible for administration will, in any event,
determine the appropriate dose for the individual subject. Moreover, for human
administration, preparations should meet sterility, pyrogenicity, and the general safety and
purity standards as required by FDA Office of Biologics standards.

[081] Sterile injectable solutions are prepared by incorporating the active compounds in the
required amount in the appropriate solvent with various of the other ingredients enumerated
above, as required, followed by filtered sterilization. Generally, dispersions are prepared by
incorporating the various sterilized active ingredients into a sterile vehicle which contains the
basic dispersion medium and the required other ingredients from those enumerated above. In
the case of sterile powders for the preparation of sterile injectable solutions, the preferred
methods of preparation are vacuum-drying and freeze-drying techniques which yield a
powder of the active ingredient plus any additional desired ingredient from a previously
sterile-filtered solution thereof.

[082] The compositions disclosed herein may be formulated in a neutral or salt form.
Pharmaceutically-acceptable salts, include the acid addition salts (formed with the free amino
groups of the protein) and which are formed with inorganic acids such as, for example,
hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, tartaric, mandelic,
and the like. Salts formed with the free carboxyl groups can also be derived from inorganic
bases such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides,
and such organic bases as isopropylamine, trimethylamine, histidine, procaine and the like.
Upon formulation, solutions will be administered in a manner compatible with the dosage
formulation and in such amount as is therapeutically effective. The formulations are easily
administered in a variety of dosage forms such as injectable solutions, drug-release capsules,

and the like.
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[083] To date, most siRNA studies have been performed with siRNA formulated in sterile
saline or phosphate buffered saline (PBS) that has ionic character similar to serum. There are
minor differences in PBS compositions (with or without calcium, magnesium, etc.) and
investigators should select a formulation best suited to the injection route and animal
employed for the study. Lyophilized oligonucleotides and standard or stable siRNAs are
readily soluble in aqueous solution and can be resuspended at concentrations as high as 2.0
mM. However, viscosity of the resultant solutions can sometimes affect the handling of such
concentrated solutions.

[084] While lipid formulations have been used extensively for cell culture experiments, the
attributes for optimal uptake in cell culture do not match those useful in animals. The
principle issue is that the cationic nature of the lipids used in cell culture leads to aggregation
when used in animals and results in serum clearance and lung accumulation. Polyethylene
glycol complexed-liposome formulations are currently under investigation for delivery of
siRNA by several academic and industrial investigators, including Dharmacon, but typically
require complex formulation knowledge. There are a few reports that cite success using
lipid-mediated delivery of plasmids or oligonucleotides in animals.

[085] Oligonucleotides can also be administered via bolus or continuous administration
using an ALZET mini-pump (DURECT Corporation). Caution should be observed with
bolus administration as studies of antisense oligonucleotides demonstrated certain dosing-
related toxicities including hind limb paralysis and death when the molecules were given at
high doses and rates of bolus administration. Studies with antisense and ribozymes have
shown that the molecules distribute in a related manner whether the dosing is through
intravenous (IV), subcutaneous (sub-Q), or intraperitoneal (IP) administration. For most
published studies, dosing has been conducted by IV bolus administration through the tail
vein. Less is known about the other methods of delivery, although they may be suitable for
various studies. Any method of administration will require optimization to ensure optimal
delivery and animal health.

[086] For bolus injection, dosing can occur once or twice per day. The clearance of
oligonucleotides appears to be biphasic and a fairly large amount of the initial dose is cleared
from the urine in the first pass. Dosing should be conducted for a fairly long term, with a one
to two week course of administration being preferred. This is somewhat dependent on the
model being examined, but several metabolic disorder studies in rodents that have been
conducted using antisense oligonucleotides have required this course of dosing to

demonstrate clear target knockdown and anticipated outcomes.
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1. Liposomes/Nanocapsules
[087] ‘ In certain embodiments, the inventors contemplate the use of liposomes,
nanocapsules, microparticles, microspheres, lipid particles, vesicles, and the like, for the
administration of the TACE inhibitors of the present invention. In particular, the
compositions of the present invention may be formulated for delivery either encapsulated in
or operatively attached to a lipid particle, a liposome, a vesicle, a nanosphere, or a
nanoparticle or the like.
[088] The formation and use of liposomes is generally known to those of skill in the art (see
for example, Couvreur ef al., 1977; Couvreur, 1988; Lasic, 1998; which describes the use of
liposomes and nanocapsules in the targeted antibiotic therapy for intracellular bacterial
infections and diseases). Recently, liposomes were developed with improved serum stability
and circulation half-times (Gabizon & Papahadjopoulos, 1988; Allen and Choun, 1987; U.S.
Patent 5,741,516). Further, various methods of liposome and liposome like preparations as
potential drug carriers have been reviewed (Takakura, 1998; Chandran et al., 1997; Margalit,
1995; U. S. Patent 5,567,434; U.S. Patent 5,552,157; U.S. Patent 5,565,213; U.S. Patent
5,738,868 and U. S. Patent 5,795,587).
[089] Liposomes are formed from phospholipids that are dispersed in an aqueous medium
and spontaneously form multilamellar concentric bilayer vesicles (also termed multilamellar
vesicles (MLVs). MLVs generally have diameters of from 25 nm to 4 m. Sonication of
MLVs results in the formation of small unilamellar vesicles (SUVs) with diameters in the
range of 200 to 500 A, containing an aqueous solution in the core.
[090] Liposomes bear resemblance to cellular membranes and are contemplated for use in
connection with the present invention as carriers for the peptide compositions. They are
widely suitable as both water- and lipid-soluble substances can be entrapped, i.e. in the
aqueous spaces and within the bilayer itself, respectively. It is possible that the drug-bearing
liposomes may even be employed for site-specific delivery of active agents by selectively
modifying the liposomal formulation.
[091] Targeting is generally not a limitation in terms of the present invention. However,
should specific targeting be desired, methods are available for this to be accomplished. For
example, antibodies may be used to bind to the liposome surface and to direct the liposomes
and its contents to particular cell types. Carbohydrate determinants (glycoprotein or
glycolipid cell-surface components that play a role in cell-cell recognition, interaction and
adhesion) may also be used as recognition sites as they have potential in directing liposomes

to particular cell types.
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[092] Alternatively, the invention provides for pharmaceutically-acceptable nanocapsule
formulations of the compositions of the present invention. Nanocapsules can generally
entrap compounds in a stable and reproducible way (Henry-Michelland ez al., 1987;
Quintanar-Guerrero et al., 1998; Douglas et al., 1987). To avoid side effects due to
intracellular polymeric overloading, such ultrafine particles (sized around 0.1 m) should be
designed using polymers able to be degraded in vivo. Biodegradable polyalkyl-cyanoacrylate
nanoparticles that meet these requirements are contemplated for use in the present invention.
Such particles may be are easily made, as described (Couvreur et al., 1980; 1988; zur Muhlen
et al., 1998; Zambaux et al. 1998; Pinto-Alphandry et al., 1995 and U.S. Patent 5,145,684).

' 2. Gene Therapy
[093] In certain embodiments, the nucleic acids encoding inhibitory TACE peptides and
nucleic acids of the present invention can be used for transfection of cells in vitro and in vivo.
These nucleic acids can be inserted into any of a number of well-known vectors for the
transfection of target cells and organisms as described below. The nucleic acids are
transfected into cells, ex vivo or in vivo, through the interaction of the vector and the target
cell. The nucleic acid, under the control of a promoter, then expresses an inhibitory TACE
peptides and nucleic acids of the present invention, thereby mitigating the effects of over
amplification of a candidate gene associated with reduced survival rate.
[094] Such gene therapy procedures have been used to correct acquired and inherited
genetic defects, cancer, and other diseases in a number of contexts. The ability to express
artificial genes in humans facilitates the prevention and/or cure of many important human
diseases, including many diseases which are not amenable to treatment by other therapies (for
a review of gene therapy procedures, see Anderson, Science 256:808-813 (1992); Nabel &
Felgner, TIBTECH 11:211-217 (1993); Mitani & Caskey, TIBTECH 11:162-166 (1993);
Mulligan, Science 926-932 (1993); Dillon, TIBTECH 11:167-175 (1993); Miller, Nature
357:455-460 (1992); Van Brunt, Biotechnology 6(10):1149-1154 (1998); Vigne, Restorative
Neurology and Neuroscience 8:35-36 (1995); Kremer & Perricaudet, British Medical Bulletin
51(1):31-44 (1995); Haddada et al., in Current Topics in Microbiology and Immunology
(Doerfler & Boshm eds., 1995); and Yu et al., Gene Therapy 1:13-26 (1994)).
[095] For delivery of nucleic acids, viral vectors may be used. Suitable vectors include, for
example, herpes simplex virus vectors as described in Lilley et al., Curr. Gene Ther.
1(4):339-58 (2001), alphavirus DNA and particle replicons as decribed in e.g., Polo et al.,
Dev. Biol. (Basel) 104:181-5 (2000), Epstein-Barr virus (EBV)-based plasmid vectors as
described in, e.g., Mazda, Curr. Gene Ther. 2(3):379-92 (2002), EBV replicon vector
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systems as described in e.g., Otomo et al., J. Gene Med. 3(4):345-52 (2001), adeno-virus
associated vifuses from rhesus monkeys as described in e. g., Gao et al., PNAS USA.
99(18):11854 (2002), adenoviral and adeno-associated viral vectors as described in , e.g.,
Nicklin and Baker, Curr. Gene Ther. 2(3):273-93 (2002). Other suitable adeno-associated
virus (AAV) vector systems can be readily constructed using techniques well known in the
art (see, e.g., U.S. Patent Nos. 5,173,414 and 5,139,941; PCT Publication Nos. WO 92/01070
and WO 93/03769; Lebkowski et al. (1988) Mol. Cell. Biol. 8:3988-3996; Vincent et al.
(1990) Vaccines 90 (Cold Spring Harbor Laboratory Press); Carter (1992) Current Opinion in
Biotechnology 3:533-539; Muzyczka (1992) Current Topics in Microbiol. and Immunol.
158:97-129; Kotin (1994) Human Gene Therapy 5:793-801; Shelling and Smith (1994) Gene
Therapy 1:165-169; and Zhou et al. (1994) J. Exp. Med. 179:1867-1875). Additional
suitable vectors include E1B gene-attenuated replicating adenoviruses described in, e.g., Kim
et al., Cancer Gene Ther.9(9):725-36 (2002) and nonreplicating adenovirus vectors described
in e.g., Pascual et al., J. Immunol. 160(9):4465-72 (1998). Exemplary vectors can be
constructed as disclosed by Okayama et al. (1983) Mol. Cell. Biol. 3:280.

[096] Molecular conjugate vectors, such as the adenovirus chimeric vectors described in
Michael et al. (1993) J. Biol. Chem. 268:6866-6869 and Wagner et al. (1992) Proc. Natl.
Acad. Sci. US4 89:6099-6103, can also be used for gene delivery according to the methods of
the invention.

[097] In one illustrative embodiment, retroviruses provide a convenient and effective
platform for gene delivery systems. A selected nucleotide sequence encoding an inhibitory
TACE nucleic acid or polypeptide can be inserted into a vector and packaged in retroviral
particles using techniques known in the art. The recombinant virus can then be isolated and
delivered to a subject. Suitable vectors include lentiviral vectors as described in e.g., Scherr
and Eder, Curr. Gene Ther. 2(1):45-55 (2002). Additional illustrative retroviral systems have
been described (e.g., U.S. Patent No. 5,219,740; Miller and Rosman (1989) BioTechniques
7:980-990; Miller (1990) Human Gene Therapy 1:5-14; Scarpa et al. (1991) Virology
180:849-852; Burns et al. (1993) Proc. Natl. Acad. Sci. USA 90:8033-8037; and Boris-
Lawrie and Temin (1993) Curr. Opin. Genet. Develop. 3:102-109.

[098] Other known viral-based delivery systems are described in, e.g., Fisher-Hoch et al.
(1989) Proc. Natl. Acad. Sci. USA 86:317-321; Flexner et al. (1989) Ann. N.Y. Acad. Sci.
569:86-103; Flexner et al. (1990) Vaccine 8:17-21; U.S. Patent Nos. 4,603,112, 4,769,330,
and 5,017,487; WO 89/01973; U.S. Patent No. 4,777,127; GB 2,200,651; EP 0,345,242; WO
91/02805; Berkner (1988) Biotechniques 6:616-627; Rosenfeld et al. (1991) Science
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252:431-434; Kolls et al. (1994) Proc. Natl. Acad. Sci. USA 91:215-219; Kass-Eisler et al.
(1993) Proc. Natl. Acad. Sci. USA 90:11498-11502; Guzman et al. (1993) Circulation
88:2838-2848; Guzman et al. (1993) Cir. Res. 73:1202-1207; and Lotze and Kost, Cancer
Gene Ther. 9(8):692-9 (2002).

V. Method of Identifying Compound that inhibits Tumor Cell Proliferation
[099] Another embodiment of the invention provides a method for identifying a TACE
inhibitor that sensitizes a tumor cell tb EGFR tyrosine kinase inhibitor. The method
comprises contacting a cell (e.g. tumor cell) with a compound suspected to be a TACE
inhibitor and an EGFR tyrosine kinase inhibitor, and determining cell proliferation. Ifa
compound suspected of being a TACE inhibitor enhances the sensitivity of the tumor cell to
the EGFR tyrosine kinase inhibitor, that compound is identified as a TACE inhibitor.
[0100] Cell proliferation is determined by methods appreciated to those skilled in the art.
Examples of methods to determine cell proliferation include but are not limited to:
clonogenic assays in which cells are plated at low densities and the number of colonies is
scored after a growth period; permeability assays which involve staining damaged cells with
dye and counting, either manually using a hemocytometer or mechanically using a flow
cytometer, viable cells that exclude the dye; metabolic activity assays which measure by
spectrophotometry dyes converted by cells uptaking tetrazolium salts; and direct proliferation
assays using DNA synthesis as an indicator of cell growth. Types of commercially-available,
specific cell proliferation assay kits are also available and are hereby incorporated by
reference. Examples of these kits include but are not limited to MTT Cell Proliferation Assay
(ATCC Bioproducts™), CellTiter 9%6® AQueous One Solution Cell Proliferation Assay
(Promega Corporation), Cell Proliferation Kit I - MTT (Roche Applied Science), Cell
Proliferation Kit II — XTT (Roche Applied Science), 5’-Bromo-2’-deoxy-uridine Labeling
and Detection Kit III (Roche Applied Science), Cell Proliferation ELISA, BrdU —
colorimetric/chemiluminescence (Roche Applied Science), HitKit® HCS Reagent Kit
(Cellomics), Cell Growth Determination Kit — MTT based (Sigma-Aldrich), and Cell
Proliferation Assay Kit — WST dye/ELISA based (Chemicon International).
[0101] In some embodiments, compounds suspected to be TACE inhibitors are antisense
nucleic acid molecules, anti-TACE antibodies, siRNA oligonucleotides, soluble recombinant
TACE protein fragments, small molecules, peptides and peptide mimetics. In some
embodiments, the compound suspected of being a TACE inhibitor is a matrix

metalloproteinase (MMP) inhibitor or an ADAM inhibitor.
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[0102] In a preferred embodiment, the EGFR inhibitor is AG 1478.
[0103] In some embodiments, the cell (e.g. tumor cell) is in a mammal. The mammal may be
a rodent, primate, human, dog, cat, or farm animal (e.g. horse, cow, sheep, pig, etc.).
[0104] Examples of ways in which the compound can be identified are through high
throughput screening, a TACE FRET assay or by an in vitro TACE assay. Those with
knowledge and skill in the art will appreciate other methods of screening compounds.

a. High Throughput Screening
[0105] In one embodiment, high throughput screening (HTS) methods are used to identify
compounds that inhibit tumor cell proliferation, e.g. identifying compounds that inhibit
TACE. HTS methods involve providing a combinatorial chemical or peptide library
containing a large number of potential therapeutic compounds. Such potential therapeutic
compounds would include but are not limited to compounds known to inhibit TACE, classes
of compounds known to inhibit TACE and compounds believed to inhibit TACE. Such
“libraries” are then screened in one or more assays, as described herein, to identify those
library members (particular peptides, chemical species or subclasses) that display the desired
characteristic activity. The compounds thus identified can serve as conventional “lead
compounds” or can themselves be used as potential or actual therapeutics.
[0106] A combinatorial chemical library is a collection of diverse chemical compounds
generated by either chemical synthesis or biological synthesis, by combining a number of
chemical “building blocks” such as reagents. For example, a linear combinatorial chemical
library such as a polypeptide library is formed by combining a set of chemical building
blocks (amino acids) in every possible way for a given compound length (i.e., the number of
amino acids in a polypeptide compound). Millions of chemical compounds can be
synthesized through such combinatorial mixing of chemical building blocks.
[0107] Preparation and screening of combinatorial chemical libraries is well known to those
of skill in the art. Such combinatorial chemical libraries include, but are not limited to,
peptide libraries (see, e.g., U.S. Patent 5,010,175, Furka, Int. J. Pept. Prot. Res. 37:487-493
(1991) and Houghton et al., Nature 354:84-88 (1991)). Other chemistries for generating
chemical diversity libraries can also be used. Such chemistries include, but are not limited to:
peptoids (e.g., PCT Publication No. WO 91/19735), encoded peptides (e.g., PCT Publication
WO 93/20242), random bio-oligomers (e.g., PCT Publication No. WO 92/00091),
benzodiazepines (e.g., U.S. Pat. No. 5,288,514), diversomers such as hydantoins,
benzodiazepines and dipeptides (Hobbs et al., Proc. Nat. Acad. Sci. USA 90:6909-6913
(1993)), vinylogous polypeptides (Hagihara et al., J. Amer. Chem. Soc. 114:6568 (1992)),
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nonpeptidal peptidomimetics with glucose scaffolding (Hirschmann et al., J. Amer. Chem.
Soc. 114:9217-9218 (1992)), analogous organic syntheses of small compound libraries (Chen
et al., J. Amer. Chem. Soc. 116:2661 (1994)), oligocarbamates (Cho et al., Science 261:1303
(1993)), and/or peptidyl phosphonates (Campbell et al., J. Org. Chem. 59:658 (1994)),
nucleic acid libraries (see Ausubel, Berger and Sambrook, all supra), peptide nucleic acid
libraries (see, e.g., U.S. Patent 5,539,083), antibody libraries (see, e.g., Vaughn et al., Nature
Biotechnology, 14(3):309-314 (1996) and PCT/US96/10287), carbohydrate libraries (see,
e.g., Liang et al., Science, 274:1520-1522 (1996) and U.S. Patent 5,593,853), small organic
molecule libraries (see, e.g., benzodiazepines, Baum C&EN, Jan 18, page 33 (1993);
isoprenoids, U.S. Patent 5,569,588; thiazolidinones and metathiazanones, U.S. Patent
5,549,974; pyrrolidines, U.S. Patents 5,525,735 and 5,519,134; morpholino compounds, U.S.
Patent 5,506,337; benzodiazepines, 5,288,514, and the like).
[0108] Devices for the preparation of combinatorial libraries are commercially available (see,
e.g., ECIS TM, Applied BioPhysics Inc.,Troy, NY, MPS, 390 MPS, Advanced Chem Tech,
Louisville KY, Symphony, Rainin, Woburn, MA, 433A Applied Biosystems, Foster City,
CA, 9050 Plus, Millipore, Bedford, MA). In addition, numerous combinatorial libraries are
themselves commercially available (see, e.g., ComGenex, Princeton, N.J., Tripos, Inc., St.
Louis, MO, 3D Pharmaceuticals, Exton, PA, Martek Biosciences, Columbia, MD, etc.).

b. TACE FRET Assay
[0109] TACE inhibitor compounds can be screened based on their ability to inhibit the
cleavage of the substrate by the purified enzyme in a fluorescence-based FRET assay as
described in Zhang et al., J. Pharmacol. Exp. Ther. 309(1):348-355 (2004), Jin et al., Anal.
Biochem. 302(2):268-275 (2002), and Zhang et al., Int. Immunopharmacol. 4:1845-1857
(2004), all of which are hereby incorporated by reference.
[0110] In this assay, the catalytic domain of TACE is pretreated with compounds suspected
of being TACE inhibitors for 10 minutes at room temperature. The reaction is initiated by
the addition of pro-TNF-o peptide to the TACE protein. Any increase or decrease in
fluorescence is monitored at excitation of 320nm and emission of 420nm over a period of 10
minutes.

¢. In Vitro TACE Assay
[0111] TACE inhibitor compounds can be screened by measuring TACE activity in the
presence of a suspected inhibitor based on the in vitro TACE assay described in Beck et al.,
J. Pharmacol. Exp. Ther. 302(1):390-396 (2002), which is hereby incorporated by reference.
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[0112] In this assay, a recombinant form of TACE, which lacks the transmembrane region
and cytoplasmic tail is used. Compounds suspected of being TACE inhibitors are added to
the recombinant TACE. TACE activity is partially purified from concentrated culture media
by Q-Sepharose, concanavali A Sepharose, and Superdex 75 chromatography. TACE
activity is determined by measuring the production of the peptide product from a peptide
substrated with Dpa, where Dpa is N-3-(2, 4-di-nitrophenyl)-L-2, 3-diaminopropionyl. The
assay is carried out in 10 mM Tris-HCL (pH 8.0), 50mM NaCl, and 2% octylglycoside and at
a substrated concentration of 100uM. After 60 minutes at 37°C, the reaction is stopped ‘by
adding acetic acid to a final concentration of IM. The peptide product is separated form the
reaction mixture by reverse-phase high performance liquid chromatography, using a 28-70%
acetonitrile gradient on a Cg column. The absorbance of the eluate at 360nm is measured as

an index of the amount of product formed.

VI. Examples
[0113] The following examples are meant to exemplify and illustrate, but not to limit the

invention.

Example 1. Materials and Methods

[0114] Cell culture All reagents were purchased from SIGMA (St. Louis, MO) except
where otherwise noted. HMT3522 cells were cultivated on 2D and 3D substrata in H14
medium, a 50:50 mix of DMEM/F12 (UCSF Cell culture Facility, San Francisco, CA)
supplemented with 5 pg/ml prolactin, 250 ng/ml insulin, 1.4 x 10" M hydrocortisone, 100 M
B-estradiol, 2.6 ng/ml sodium selenite and 10 pg/ml transferrin. S1 cells were additionally
supplemented with 10 ng/ml EGF. In various experiments, cells were supplemented with
AREG, TACE, TGFa. In all cases, AREG and TGFa were used at the same molar
concentration as EGF (860 pM).

[0115] For 3D IrfECM culture, T4-2 cells were seeded at 21000 cells per cm? on top of
Matrigel, overlaid with H14 medium containing 5% Matrigel (BD Biosciences, San Jose,
CA), and treated with 80 nM AG1478, 20 pM TAPI-2 or the relevant vehicle controls.
[0116] Amphotropic retroviruses were generated by transfection (Lipofectamine; Invitrogen,
Carlsbad, CA) of the Phoenix packaging cell line (a gift of Dr. Gary Nolan, Stanford) with
pBM-IRES-Puro or derivatives containing the AREG or TGFo open reading frames. Two

million phoenix cells per 6 cm dish were plated the day prior to transfection and transfected
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with 2 g of the appropriate retroviral construct. Retrovirus-containing culture medium was
harvested after 48 hrs, supplemented with polybrene to 5pg/ml and added to HMT3522 cells
at 30-50% confluence. Pools of stable infectants were selected in 1 pg/ml puromycin.

[0117] Silencer™ siRNAs against TACE (Ambion, Austin, TX) were co-transfected with
pEGFP-C1 (BD Biosciences). T4-2 cells were trypsinized post-transfection and plated at low
density. Proliferation was assessed by counting the transfected (green) cells per colony after
four days. Random siRNA sequence was used as a negative control.

[0118] Silencer™ siRNAs against TACE (Ambion, Austin, TX) were also transfected in
according to the Reverse Transfection protocol of Invitrogen. siRNAs against the following
TACE sense strand sequences were transfected either individually (100 nM) or as a pool
(33.3 nM each): CCAGAGACUCGAGAAGCUUML, GCAGCAUUCGGUAAGAAAALtt and
CGAGAACAAUAAGAUGUUUtt. For 3D culture assays, T4-2 cells were trypsinized post-
transfection and plated as single cells in Matrigel. Knockdown was assessed by western blot
from a parallel transfection 48 hrs post-transfection. Random siRNA sequence was used as a
negative control.

[0119] Indirect immunofluorescence. Colonies were solubilized from matrigel culture by
shaking in PBS/0.05M EDTA on ice for 30 mins, fixed in 4% paraformaldehyde,
permeabilized, stained with anti-o6-integrin (Chemicon, Temecula, CA) and counterstained
with DAPI.

[0120] Western blotting. Cells were lysed in 50 mM Tris.HCl pH 7.5, 150 mM NaCl, 0.5%
NP40 supplemented with protease and phosphatase inhibitors (Calbiochem, San Diego, CA)
and clarified by centrifugation. 50 pg of each sample was fractionated by SDS-PAGE,
transferred to nitrocellulose membranes and probed with antibodies against the following
proteins: phospho-MAPK, Total MAPK, phospho-p70S6-Kinase, (Cell Signaling
Technology, MA). E-cadherin (BD Biosciences, CA) was used as a loading control. Blots
were developed using Supersignal West Femto (Pierce, Rockland, IL). Images were captured
using a FluorChem 8900 imager (Alpha Innotech, San Leandro, CA).

[0121] ELISA. Equal numbers of cells were washed three times and allowed to condition
medium for 90 minutes. The amount of AREG and TGFa accumulating in the medium was
determined by using specific ELISA assays (R & D Systems, Minneapolis, MN) according to
the manufacturer’s instructions.

[0122] Cloning of pro-AREG and pro-TGFa. The open reading frames of these genes
were amplified by PCR from T4-2 ¢cDNA. Amplification products were cloned, sequence

33



WO 2007/016597 PCT/US2006/030008

verified, and subcloned into the retroviral expression vector, pPBM-IRES-Puro (Garton et al.,
2002). The primers used were: AREG: 5’-GACCTCAATGACACCTACTCTGG-3’, 5°-
GAAATATTCTTGCTGACATTTGC-3’ ; TGFa: 5°-
ATGGTCCCCTCGGCTGGACAGCTC-3’, 5°-
TCATAGATCTTCTTCTGATATAAGCTTTTGTTCGACCACTGTTTCTGAGTGGC-3".
The ATM mutants of AREG and TGFa, were generated from the using the pPBM-IRES-puro
specific primer 5’-TGGAAAGGACCTTACACAGTCC-3’ and either 5°-
AAAAGGATCCTCATTTTGATAAACTACTGTCAATC-3’ (AREGATM) or 5°-
AAAAGGATCCTCAGGCCTGCTTCTTCTGGCTGGC-3’ (TGFaATM) and cloned into
pBM-IRES-Puro.

[0123] Proliferation assays. HMT3522 cells were seeded in 96 well plates and treated (in
triplicate) as described in the figure legends. To determine relative growth, 0.1 volumes of
WST cell proliferation analysis reagent (Roche, Indianapolis, IN) was added to the medium
and its formazan metabolite was measured by absorbance at 460 nm.

[0124] Quantitation of colony size in the 3D IrECM culture was performed by image
analysis. Representative images were captured using a digital camera attached to a phase
contrast microscope. The high resolution digital images were then analyzed using NIH Image
analysis software and the cross-sectional area of each colony was determined for many
colonies. This process was hand-curated to ensure that aggregates of colonies were not
measured as a single colony.

[0125] RTPCR. DNase-treated total RNA was isolated using the RNEasy kit (Qiagen,
Valencia, CA). 5 pg of total RNA in a final volume of 40 pl was used for oligo dT primed
cDNA synthesis (First Strand cDNA synthesis kit, Invitrogen, Carlsbad, CA). 1 ul of cDNA
was added to a 60 pl PCR reaction. 15 pl aliquots were withdrawn after 25, 30 and 35 cycles
and analyzed by agarose gel electrophoresis. Primers used were as follows: AREG: 5°-
GACCTCAATGACACCTACTCTGG-3’, 5’>-GAAATATTCTTGCTGACATTTGC-3 ;
GAPDH: 5°-CCCCTGGCCAAGGTCATCCATGAC-3’, 5°-
CATACCAGGAAATGAGCTTGACAAAG-3’ ; TACE: 5’-
CAGCACAGCTGCCAAGTCATT-3’, 5’-CCAGCATCTGCTAAGTCACTTCC-3’; TGFa.:
5’-CACACTCAGTTCTGCTTCCA-3’, 5°>-TCAGACCACTGTTTCTGAGTGGC-3".

[0126] Statistical Analyses. All data analysis was performed using Graphpad Prism. Bar
graphs represent mean = standard error of mean. Significance was determined using

ANOVA. In scatter plots, the horizontal bar represents the median of each dataset.
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Significance was determined using Kruskal-Wallis test (with Dunn’s Test to correct for

- multiple comparisons).

[0127] A database consisting of the microarray profiles of 295 human breast tumors with the
associated clinical data (van de Vijver et al., 2002) was obtained from Rosetta Inpharmatics.
Pearson’s correlation coefficient was used to determine whether statistically significant
associations existed between the relative expression levels of each of the markers. For
survival analysis, patients were stratified into quartiles for expression of each marker, and
survival curves computed using the method of Kaplan and Meier. Statistical significance was

determined using the log-rank test.

Example 2. Model

[0128] Here, we use a model (Figure 1) to investigate the mechanisms by which non-
malignant breast epithelial cells may escape dependence on exogenous EGF. A dissection of
the EGFR pathway in T4-2 cells revealed that these cells lack mutations in common proto-
oncogenes (H-Ras, K-Ras, N-Ras and B-Raf) but express two EGFR ligands not present in
S1 cells, Amphiregulin (AREG) and TGFa. A metalloproteinase activity, TACE/ADAM17,
implicated by others in processing of these ligands (Borrell-Pages et al., 2003; Gschwind et
al., 2003; Sahin et al., 2004), is expressed in T4-2 cells and is necessary for AREG and TGFa
function. We show that inhibition of TACE is sufficient to block EGFR signaling and to
revert the malignant phenotype in T4-2 cells and that this is a direct consequence of
attenuation of growth factor ectodomain shedding.

[0129] We show that activation of EGFR signaling in the T4-2 cells of the HMT3522 breast
cancer progression series is driven by a TACE-dependent growth factor autocrine loop not
present in the non-malignant S1 cells. Inhibition of TACE attenuated the growth of T4-2
cells in 3D ECM culture and reverted their morphology to approximate that of non-malignant
cells. This reversion was overcome by overexpression of soluble “pre-cleaved” mutants of
either AREG or TGFa. but not by pro-AREG or pro-TGFa, definitively demonstrating the
importance of growth factor precursor cleavage for ErbB function. We further show that
expression of TACE and TGFa is highly correlated in human breast cancer samples and is
predictive of poor prognosis. Lastly, we demonstrate that ligand bioavailability, which can
be modulated by TACE inhibition, is an important determinant of EGFR inhibitor efficacy.
[0130] Our data demonstrate that the utility of an EGFR inhibitor may be a function of the

abundance of ligand and that low picomolar levels of these growth factors can overcome the

35



WO 2007/016597 PCT/US2006/030008

efficacy of the-inhibitor. If so, physiological levels of EGFR ligands may antagonize the
action of EGFR inhibitors in vivo. Among the small proportion of patients whose tumors
respond to small molecule EGFR inhibitors, there is frequent and pronounced adverse
systemic reactions to the drug, including skin rash and diarrhea. Intriguingly, these systemic
responses predict response to Gefitinib (Chiu et al., 2005; Mohamed et al., 2005; Perez-Soler
et al.,, 2004). The fact that systemic toxicity predicts response is consistent with the
hypothesis that circulating and locally produced EGFR ligands antagonize Gefitinib efficacy
in both the tumor and in other organs: Those patients with circulating ligands above a
threshold would experience neither skin rashes nor tumor regression in response to Gefitinib.
[0131] This is supported by our demonstration in 3D cultures that EGFR inhibitor efficacy is
critically dependent on the bioavailability of EGFR ligands, ahd that ligand concentrations
within the normal circulating range (Messa et al., 1998; Reeka et al., 1998; Sotnikova et al.,
2001) confer resistance to the inhibitor. Interestingly, Amphiregulin overexpression predicts
non-responsiveness to Gefitinib in ERRB2-positive non-small cell lung cancer tumors
(Kakiuchi et al., 2004). Undoubtedly in some cases Gefitinib resistance is acquired in a cell-
autonomous fashion by tumor cells, by loss of PTEN (She et al., 2003), by acquisition of
mutation in EGFR (Pao et al., 2005), or perhaps by switching dependence to other ErtbB
family members. Thus, systemic resistance to EGFR inhibitors, resulting from an excess of
circulating EGFR ligands, may be an important predictive determinant for anilinoquinazoline
efficacy and that reduction of the levels of circulating growth factors by inhibiting growth
factor shedding may improve the efficacy of these compounds.

[0132] The demonstration of an absolute requirement for an ADAM-like proteolytic activity
for proliferation in a physiologically relevant model of human breast cancer progression
suggests another avenue to be explored therapeutically. MMPs and ADAMs have been
studied intensively and many small molecule inhibitors have been characterized in both cell
culture and animal models, primarily to inhibit MMP-dependent tumor cell invasion. Despite
the relative success of pre-clinical studies, the results of many clinical trials of MMP
inhibitors in cancer have been disappointing, perhaps due to what retrospectively appears to
be flawed design of the Phase III studies (Coussens et al., 2002). It has become clear that
metalloproteinases play more complex and diverse roles in tumor progression (Egeblad and
Werb, 2002) than was appreciated during the design of these earlier clinical studies.

[0133] Our data delineate a mechanism by which breast epithelial cells may escape
dependence on extrinsic proliferative signals, a transition necessary in the evolution of all

cancers. The essential role of TACE in this phenotype, and the demonstration that inhibition
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of this protease blocks EGFR signaling and reverts the malignant phenotype suggests that
interruption of such an autocrine loop might prove an effective therapy for tumors dependent

on EGFR ligand expression, alone or in combination with existing EGFR inhibitors.

Example 3. Amphiregulin and TGF ¢ are upregulated in T4-2 cells

[0134] S1 non-malignant human breast epithelial cells require exogenous EGF for
proliferation, while their malignant derivatives, T4-2, have acquired self-sufficiency for this
signal. The sensitivity of T4-2 cells to inhibition of EGFR (Wang et al., 1998) implies that
EGFR and the downstream components of the pathway are not mutationally activated. Using
direct sequencing, we showed that these cells have not sustained activating mutations in H-
Ras, K-Ras, N-Ras or B-Raf (data not shown). Thus, we hypothesized that T4-2 cells
escaped dependence on exogenous EGF by transcriptionally upregulating one or more ErbB
ligands. Conditioned medium from T4-2 cells elicited a rapid activation of MAPK in S1
cells, which was comparable to that induced by exogenously added EGF. While ligands of a
number of receptor tyrosine kinases will activate MAPK (Figure 2), the observed activation
was suppressed by pre-incubation of S1 cells with the EGFR inhibitor, Iressa. Thus T4-2
cells produce one or more soluble EGFR ligands. We tested expression of Amphiregulin,
Betacellulin, Cripto, EGF, Epiregulin, HB-EGF, NRG1, NRG2 and TGFa by RT-PCR.
Amphiregulin and TGFa were expressed at high levels in T4-2 cells as compared to S1 cells
as shown by strong bands for amphiregulin and TGFo in RT-PCR analysis. Experiments
using concentrations of recombinant AREG or TGFa equimolar to that of EGF (860 pM)
show that these ligands can substitute for EGF to promote proliferation of the non-malignant
cells as shown by 3D culture images. Figure 3A shows graphical results of the percentage of
relative proliferation from the experiment. Using ELISA, we confirmed the presence of
Amphiregulin and TGF« in the conditioned medium of T4-2 cells. (Figure 3B).

[0135] By the time an incipient cancer cell has become malignant, it is characterized by
multiple genomic mutations, chromosomal amplifications and deletions, and aneuploidy
(Albertson et al., 2003; Rajagopalan et al., 2003). In such a chaotic background, it is often
difficult to distinguish between causative changes, correlative changes and changes of little
consequence. If the changes we have observed in expression of these genes in malignant T4-
2 cells are indeed important, one might expect that some of them would be detected at earlier
stages of progression. On the continuum between S1 and T4-2 cells, a subline was

established which, like S1 cells, is non-malignant but which grows independently of EGF and
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has lost the ability to form growth-arrested polarized acinar structures in 3D IrECM culture.
This subline, S2 cells, was derived from S1 cells by EGF withdrawal after 118 passages
(Briand et al., 1996). Analysis of the expression of AREG and TGFa in S2 cells by RT-PCR
demonstrated that both of these factors were upregulated during the transition from S1 to S2,

the earliest stage of progression toward malignancy in this series.

Example 4. A metalloproteinase activity is critically required for mobilization of growth
Jactors

[0136] Several growth factors, including AREG and TGFo., are synthesized as
transmembrane precursors and members of the ADAM family of transmembrane proteases
have been implicated in the processing of these ligands (Borrell-Pages et al., 2003; Gschwind
et al., 2003; Sahin et al., 2004). Culture of T4-2 cells in 3D extracellular matrix results in the
formation of disorganized, apolar, continuously proliferating colonies, a phenotype we have
shown to be highly correlated with, and reflective of, cancer cell malignancy (Petersen et al.,
1992; Wang et al., 2002). Incubation with TAPI-2, a broad-spectrum inhibitor of MMPs and
ADAMs, resulted in a reversion of the malignant phenotype similar to that elicited using the
EGFR inhibitor AG1478, suggesting that a metalloproteinase activity is required for the
proliferative phenotype of T4-2 cells. This treatment also resulted in the restoration of
epithelial polarity. Vehicle-treated cells remained disorganized while TAPI-2 treated cells
assumed a polar organization similar to that of a breast acinus, which was indicated by basal
localization of a6-integrin. The colonies formed by AG1478 or TAPI-2 treated T4-2 cells
were similar in size to non-malignant mammary acini and were significantly smaller than
those formed by cells treated with vehicle alone (Figure 4A).

T4-2 cells exhibit a basal level of activity of signaling kinases downstream of the EGFR
which is consistent with a response to the ongoing production of an EGFR ligand by these
cells. The basal activities were significantly suppressed by addition of TAPI-2 but the cells
remained competent to respond to addition of exogenous EGF. Furthermore, TAPI-2 caused
a dose-dependent decrease in proliferation of T4-2 cells in 2D cultures, which was overcome
by addition of exogenous EGF (Figure 4B). This compound was not cytotoxic at the
concentration used, nor did it interfere with the ability of S1 cells to execute normal acinar
morphogenesis in the presence of soluble EGF (data not shown). Thus, the proliferative
block and concomitant reversion resulting from metalloproteinase inhibition appears to result,

at least in part, from a defect in growth factor mobilization, and this again was confirmed by
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ELISA analysis (Figure 4C). Thus, either an MMP or ADAM family member plays a crucial

role in the regulation of EGFR signaling in this transition to growth factor autonomy.

Example 5. TAPI-2 Sensitizes T4-2 Cells to EGFR Inhibition

[0137] Based on relative proliferation of T4-2 cells, it was shown that TAPI-2, a TACE
inhibitor, sensitizes T4-2 cells to the effect of the EGFR inhibitor, AG1478. (Figure 5) In

~ this experiment, T4-2 cells were allowed to adhere to 48 well plates. Drugs, AG 1478 and
TAPI-2, were added at various concentrations of 0.001 uM, 0.01 pM, 0.1 uM, 1 uM, 10 pM
and 100 uM. Conditions were analyzed in triplicate. For comparison, all data were
normalized to the 100%. The shift of the AG 1478 and 10uM TAPI-2 treated cell curve to the
left of the curve of the cells treated only with AG 1478 demonstrates that addition of the
TACE inhibitor increases the sensitivity of the cells to the EGFR inhibitor at those doses.

Example 6. TACE/ADAM17 cleaves both AREG and TGF « in cultured mammary
epithelial cells

[0138] Several lines of genetic and biochemical evidence suggest that TACE/ADAM17 is a
key regulator of cleavage of both AREG and TGFa (Borrell-Pages et al., 2003; Gschwind et
al., 2003; Sahin et al., 2004). TACE is expressed in both S1 and T4-2 cells as shown by RT-
PCR. To test whether TACE could cleave endogenously produced growth factors in
mammary epithelial cells, we cloned and overexpressed the transmembrane precursors of
Amphiregulin and TGFe in S1 cells. Acute stimulation of these cells with recombinant
TACE was sufficient to mobilize the growth factors to activate receptor tyrosine kinase
signaling, a response not elicited in the vector control cells. Introduction of siRNAs against
TACE significantly suppressed T4-2 cell proliferation compared to both GFP-transfected and
random siRNA-transfected controls (Figure 6A). Thus it appears that TACE, and not another
TAPI-2-sensitive protease, is the primary growth factor sheddase in T4-2 cells.

[0139] Additionally, to test whether TACE is the key sheddase for these endogenously
produced growth factors in mammary epithelial cells, we used siRNA to knock down
expression of TACE and measured growth factor shedding from the transfected cells (Figure
6B). Three siRNAs against TACE were used, which suppressed TACE expressioﬁ with
varying degrees of efficacy. The most effective siRNA (siTACE-1) resulted in a dramatic
decrease in the shedding of both ligands, while cells transfected with the less effective

siRNAs retained the ability to shed ligands in proportion to the amount of TACE expressed.
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Introduction of the most effective siRNA against TACE had no apparent effect on
morphology of cells cultured on plastic but resulted in a dramatic reversion of the malignant
phenotype of T4-2 cells in 3D IrECM (laminin-rich extracellular matrix) culture compared to
the random siRNA-transfected control. The shedding of both EGFR ligands was significantly
reduced in these cultures (Figure 6C). Thus it appears that TACE, and not another TAPI-2-

sensitive protease, is the primary growth factor sheddase in the T4-2 breast cancer cell line.

Example 7. AREG and TGF « are the key substrates of TACE in T4-2 cells

[0140] In addition to shedding growth factors, TACE has been implicated in the shedding of
several cell surface molecules, inhibition of which might also contribute to the observed
reversion of the T4-2 cell phenotype. Characterized substrates of TACE include TNFo
(Black et al., 1997; Moss et al., 1997), L-Selectin and TNFRII (Peschon et al., 1998), B-APP
(Buxbaum et al., 1998), collagen XVII (Franzke et al., 2002), growth hormone receptor
(Zhang et al., 2000), TrkA (Diaz-Rodriguez et al., 2002), ErbB4 (Rio et al., 2000) and GPIba
(Bergmeier et al., 2004). To test whether modulation of growth factor cleavage is the key
role of TACE here, and whether their overexpression might lead to a genetic rescue of the
TAPI-2-imposed reversion, we generated soluble secreted mutants of both AREG and TGFa
lacking both the transmembrane and cytosolic domains (Figure 7A). Whereas each stably
vector-transfected T4-2 cell line was susceptible to reversion by EGFR inhibition, those cells
which produced soluble growth factors were completely resistant to TAPI-2 by criteria of
colony size and morphology (Figures 7B). Like the parental cells, they continued to
proliferate and formed disorganized, non-polarized colonies. Thus, despite the number of
TACE substrates expressed by these cells, it is the suppression of growth factor mobilization

which results in the reversion of the malignant phenotype.

Example 8. EGFR ligand bioavailability antagonizes inhibitor efficacy

[0141] Like AG1478, Gefitinib (Iressa, ZD1839) and Erlotinib (Tarceva, OSI-774) are
reversible anilinoquinazoline-derivatives. In two large trials of non-small cell lung cancer
(NSCLC) patients, Chemotherapy with Gefitinib performed no better than chemotherapy
alone in terms of survival (Giaccone et al., 2004; Herbst et al., 2004). Although Erlotinib did
provide a statistically significant survival benefit in patients with advanced pancreatic
adenocarcinoma, it is important to note that the median extension in progression-free survival

was a mere six days, while the median increase in overall survival was 14 days (Moore, M.J.
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et al. Erlotinib improves survival when added to gemcitabine in patients with advanced
pancreatic cancer. A phase III trial of the National Cancer Institute of Canada Clinical Trials
Group [NCIC-CTG]. ASCO Gastrointestinal Cancers Symposium (2005) Abstract 77). In a
recent trial using Erlotinib as a single agent in NSCLC, median progression-free survival time
was increased by almost two weeks in the treated population, while median overall survival
was increased by two months (Shepherd et al., 2005).

[0142] Although T4-2 cells expressing soluble AREG or TGFa still formed small rounded
colonies in the 'presence of the EGFR inhibitor, these colonies were consistently larger than
those formed by cells infected with either empty vector or with the membrane-tethered pro-
forms of AREG and TGFa. The difference was statistically significant (median cross-
sectional area of AG1478-treated proAREG v AREGATM colonies, P <0.0001; proTGFo v
TGFaATM, P <0.05). The malignant phenotype of T4-2 cells (typically cultured in the
absence of EGF) may be reverted using AG1478. Increasing the amount of soluble EGF
allowed the T4-2 cells to escape from the AG1478-imposed reversion. Similar observations
were made with both recombinant Amphiregulin and TGFo (data not shown). Thus it seems
that there is a transition point of ligand concentration above which EGFR inhibitors lack
efficacy. In the 3D culture assay, this transition occurred between 0.1 and 1 ng/ml. Reported
levels of EGF and TGFa. (both circulating and in tumor and tissue homogenates) are within

or exceed this range (Messa et al., 1998; Reeka et al., 1998; Sotnikova et al., 2001).

Example 9. EGFR ligand concentrations affects response of cells to EGFR inhibitors
[0143] It was shown that increasing amounts of the EGFR ligand, EGF, attenuates T4-2 cells
response to 80nM of AG 1478. Cells were cultured for four days in 80 nM AG1478 and
various amounts of EGF. Above a threshold EGF concentration between 0.1 - 1 ng/ml (8.6 -
86 pM), the EGFR inhibitor can no longer revert the malignant phenotype. Thus, reversion
of T4-2 cells by EGFR inhibition is overcome by the presence of picomolar amounts of
EGFR ligand.

[0144] It was also shown that by adding TGFa, it reduced the sensitivity of T4-2 cells to
Gefitinib (Iressa). Control cells were cultured in the absence of TGFo and cells were
cultured in the presence of TGFo.. Both the control cells and cells grown with TGFo were
also cultured with various amounts of Gefitinib at 0nM, 0.3nM and 3nM. Cell proliferation
for cells cultured in TGFo was far more than the control cells. The addition of

TGFa, reduced the effectiveness of the Gefitinib.
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Example 10. TACE inhibition reduces EGFR ligand shedding in several breast cancer cell
lines '

[0145] To test whether our observations were generalizable, we screened several additional
breast cancer cell lines to identify those which secrete either AREG or TGFa. AREG was
secreted by MCF-7, HCC1500 and ZR75B, while TGFa was secreted by HCC1500 and
MDA-MB-468. In each case, 20 uM TAPI-2 significantly reduced ligand shedding from
these cells (Figure‘ 8). Transfection of MCF-7 cells with the siRNA against TACE led to a
reduction in AREG shedding by 90%, indicating that, as with T4-2 cells, TACE is the key
sheddase in this cell line (data not shown). These data indicate that TACE-dependent growth
factor shedding is common, at least in established breast cancer cell lines, and that it is

amenable to therapeutic intervention.

Example 11. TACE and TGF a predict poor prognosis in human breast cancer patients
[0146] Having thus esfablished that TACE-dependent growth factor shedding plays a role
that is both critically important and therapeutically tractable in this model of breast cancer
progression, we sought to determine the extent to which these factors play a role in human
breast cancer. We interrogated a comprehensive microarray dataset of 295 primary human
breast tumors which was prepared by Marc van de Vijver and colleagues, who used it to
identify gene expression signatures predictive of outcome. The detailed clinical
characteristics of these tumors have been reported (van de Vijver et al., 2002). Briefly, all
were either stage I or II and less than 5 cm diameter at excision, and derived from 295
consecutively treated patients less than 53 years old. Approximately three quarters of the

' tumors were ERat positive, and half were associated with positive lymph nodes. The median
time for which follow-up information is available is 6.7 years (range 0.05 — 18.3 years).
[0147] Our analysis of this publicly available dataset revealed a statistically significant
positive correlation between expression levels of TGFo and TACE (Table 1, P < 0.001).
EGFR expression also tended to correlate with both TGFa and TACE, although not quite
reaching the level of statistical significance (P = 0.053 and P = 0.061, respectively).
Interestingly, Amphiregulin expression in this patient population was inversely correlated
with expression of EGFR and TGFa (P < 0.05 and P < 0.001, respectively). Amphiregulin
and TACE levels tended to be anti-correlated, although not quite reaching statistical

significance (P = 0.053). While these t} ere co-expressed in our progression
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model, these data suggest that TACE and TGFo may be the more important protease/growth

factor pair for EGFR activation in human breast tumors. Tumors positive for TGFa.,

ADAM17 and EGFR tended to be ERa negative (P < 0.0001, P < 0.005, P <0.0001

respectively). Conversely, ERa. positive tumors tended to have higher levels of

Amphiregulin (P <0.0001).

[0148] To analyze the contribution of AREG, TGFa., and TACE expression to survival,

tumors were divided in quartiles by expression level of each marker and survival curves were

computed for the upper and lower quartiles (74 samples each) and the interquartile range (147

samples). High levels of TACE expression were associated with a poor survival (Figure 9A,

P <0.05, high v. low expression). Tumors with the highest levels of TGFa expression also

tended to have a poorer outcome, although statistically this was borderline (Figure 9B, P <

0.06). Tumors which express high levels of Amphiregulin had a significantly better outcome

than tumors expressing lower levels (Figure 9C, P < 0.001) as expected from the high

correlation between Amphiregulin and ERo expression levels, positivity for the latter being a

strong predictor of survival (Figure 9D, P <0.001).

Table 1 Pearson’s correlation analysis of markers in 295 primary human breast tumors

AREG ERo TGFa ADAM17 . EGFR
r P r P T p r p R P
ERa 04177  <0.0001
TGFa -0.2155 0.0002 | -0.3851  <0.0001
ADAM17 -0.1126 0.0534 | -0.1774 0.0022 | 0.1917  0.0009
EGFR -0.1416 0.0150 | -0.2755  <0.0001 | 0.1127  0.0532 0.1093  0.0609
ERBB2  0.1897 0.0011 | -0.0943 0.1062 | -0.1027  0.0783 -0.0340  0.5609 | -0.0557  0.3407

[0149] These data illuminate the necessary steps, at a molecular level, by which tumor cells

may become independent of extrinsic proliferative signals and suggest that ADAM family

members may prove important additional therapeutic targets in EGFR-dependent

malignancies of the breast and other tissues.

[0150] Any patents, patent publications, publications, or GenBank Accession numbers cited

in this specification are indicative of levels of those skilled in the art to which the patent

pertains and are hereby incorporated by reference to the same extent as if each was

specifically and individually incorporated by reference.
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CLAIMS
What is claimed is:

1. A method for modulating proliferation of tumor cells, wherein the cells express
TNF-0, Converting enzyme (TACE), the method comprising the steps of:
(a)  contacting a tumor cell with a TACE inhibitor, and
(b)  contacting the cell with a compound that inhibits epidermal growth factor
receptor (EGFR) tyrosine kinase,
whereby the TACE inhibitor enhances the sensitivity of the cell to the compound of step (b).

2. The method of claim 1 wherein the cell is in a mammal.
3. The method of claim 2 wherein the mammal is a human.

4. The method of claim 1 wherein the TACE inhibitor is selected from the group
consisting of antisense nucleic acid molecules, anti-TACE antibodies, siRNA
oligonucleotides, soluble recombinant TACE protein fragments, small molecules, peptides

and peptide mimetics.
5. The method of claim 1 wherein the TACE inhibitor is a small molecule.

6. The method of claim 5 wherein the small molecule is selected from the group
consisting of (B)-2(R)-[1(S)-(Hydroxycarbamoyl)-4-phenyl-3-butenyl]-2'-isobutyl-2'-
(methanesulfonyl)-4-methylvalerohydrazide (Ro 32-7315), (2R, 3S)-2-([[4-(2-
butynyloxy)phenyl]sulfonyl]amino)-N,3-dihydroxybutanamide (TMI-2), BMS-561392
(DPC-333), N-(R)-[2-(Hydroxyaminocarbonyl)methyl]-4-methylpentanoyl-L-naphthylalanyl-
L-alanine Amide (TNF-a, Protease Inhibitor-0), N-(R)-[2-(Hydroxyaminocarbonyl)methyl]-
4-methylpentanoyl-L-naphthylalanyl-L-alanine, 2-aminoethyl Amide (TNF-o Protease
Inhibitor-1), and N-(R)-[2-(Hydroxyaminocarbonyl)methyl]-4-methylpentanoyl-L--butyl-
alanyl-L-alanine, 2-aminoethyl Amide (TNF-o Protease Inhibitor-2).

7. The method of claim 1 wherein the TACE inhibitor is a matrix metalloproteinase

inhibitor.
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8. The method of claim 1 wherein the TACE inhibitor is N-(R)-[2-
(Hydroxyaminocarbonyl)methyl}-4-methylpentanoyl-L-t-butyl-alanyl-L-alanine, 2-
aminoethyl Amide and the compound that inhibits EGFR tyrosine kinase is AG 1478.

9. The method of claim 1 further comprising the step of contacting the cell with an

anilinoquinazoline compound.

10. The method of claim 1 wherein the compound that inhibits EGFR tyrosine kinase’

is an antitumor therapeutic.

11. The method of claim 10, wherein the antitumor therapeutic is selected from the
group consisting of: Erlotinib, Gefitinib, AG1478, Canertinib (CI-1033), EKB-569, Lapatinib
(GW572016), Erbitux (Cetuximab), ABX-EGF, EMD-72000, Thera CIM-h-R3, and HuMax-
EGFR.

12. The method of claim 1 wherein proliferation of the tumor cells is inhibited.

13. A method of treating cancer comprising administering to a mammal in need
thereof a therapeutically effective amount of a TACE inhibitor and a therapeutically effective
amount of an EGFR tyrosine kinase inhibitor, whereby the TACE inhibitor enhances the
sensitivity of a cell to the EGFR tyrosine kinase inhibitor.

14. The method of claim 13 wherein the EGFR tyrosine kinase inhibitor is an

antitumor therapeutic.

15. The method of claim 14, wherein the antitumor therapeutic is selected from the
group consisting of: Erlotinib, Gleevec, Imatinib, Gefitinib, AG1478, CEP-1347,
leflunomide, Semaxanib, Imidazo[1,2-a]pyrazin-8-ylamines, Canertinib (CI-1033), EKB-569,
Lapatinib (GW572016), and monoclonal antibodies that target EGFR pathway including but
not limited to, Erbitux (Cetuximab), ABX-EGF, EMD-72000, Thera CIM-h-R3, HuMax-

EGFR, paclitaxel, cisplatin, carboplatin, chemotherapy, and radiation treatment.

16. The method of claim 13 wherein the TACE inhibitor is a small molecule.
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~17. The method of claim 14 wherein the small molecule is selected from the group
consisting of (E)—2(R)-[1(S)—(Hydroxycarbainoyl)-4-pheny1-3 -butenyl]-2'-isobutyl-2'-
(methanesulfonyl)-4-methylvalerohydrazide (Ro 32-7315), (2R, 3S)-2~([[4-(2-
butynyloxy)phenyl]sulfonyl]amino)-N,3-dihydroxybutanamide (TMI-2), BMS-561392
(DPC-333), N~(R)-[2-(Hydroxyaminocarbonyl)methyl]-4-methylpentanoyl-L-naphthylalanyl-
L-alanine Amide (TNF-o Protease Inhibitor-0), N-(R)-[2~(Hydroxyaminocarbonyl)methyl]-
4-methylpentanoyl-L-naphthylalanyl-L-alanine, 2-aminoethyl Amide (TNF-a Protease
Inhibitor-1), and N-(R)-[2-(Hydroxyaminocarbonyl)methyl]-4-methylpentanoyl-L-z-butyl-
alanyl-L-alanine, 2-aminoethyl Amide (TNF-a Protease Inhibitor-2).

18. The method of claim 13 further comprising the step of administering an

anilinoquinazoline compound.

19. A method of identifying a TACE inhibitor that sensitizes a tumor cell to an EGFR
tyrosine kinase inhibitor, the method comprising the steps of:

(a) contacting a tumor cell with a compound suspected of being a TACE inhibitor,

(b) contacting the tumor cell with an EGFR tyrosine kinase inhibitor, and

(©) determining tumor cell proliferation,

whereby the compound that enhances the sensitivity of the tumor to the EGFR

tyrosine kinase inhibitor is identified as a TACE inhibitor that sensitizes a tumor cell

to an EGFR tyrosine kinase inhibitor.

20. The method of claim 17 wherein the cell is in a mammal.

21. The method of claim 18 wherein the mammal is a rodent.

22. The method of claim 17 wherein the compound suspected of being a TACE
inhibitor is selected from the group consisting of antisense nucleic acid molecules, anti-
TACE antibodies, siRNA oligonucleotides, soluble recombinant TACE protein fragments,

small molecules, peptides and peptide mimetics.

23. The method of claim 17 wherein the compound suspected of being a TACE

inhibitor is a small molecule.
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24. The method of claim 23 wherein the small molecule is a matrix metalloproteinase

inhibitor.

25. The method of claim 21 wherein the EGFR tyrosine kinase inhibitor is AG 1478.

52



PCT/US2006/030008

WO 2007/016597

1/9

Ad3

65086ad — M4IN

a HO | Wp— upAwedey
9006-6F AVE —i JBY el
H w DY i— 899€14S
30VL SILd e 20V1
sugeis — SH — }EId Tlc_mmmﬁwmnuﬁ

P

cH3H/MHAD4
T

quuion3 ‘essel| ‘gLy LDV
‘qewxnie) ‘gqewnznises |

(eyooy) gLe/-2¢€ oY
(wehm) 2-INL
Z-1dvL

-uonoeisiul puediyH-493 uo Juspusdep siowny 10j Uoliyul 8seury o} ABajens aAeUla)e Uue Sk UoHqIyul
39V1 ey 15966ns eyep esey] 's|jed g-v.L Jo Aoueubifew sy} SSAUP LOIUM dooj uojeAloe Y493 suuosoine sjgeloes Afeonnadelayl v

|opoN * 1 8inbig

SUBSTITUTE SHEET (RULE 26)



PCT/US2006/030008

WO 2007/016597

2/9

[eAIAINS
UOHERUSIDHI | w3 W
uoneajold

t seseppeys
MHdYIA

» sioe) ymolb-oi4
jed

t

sey —————— (Y493

ha PR S L
289u3-2
£99q43-°

¥8943-2

3,

-~
sl0jdadsy

T wynbaunapy

\

spuebi pue Ajwej J01dasay Jojoe yimois) jeunspids
Z 2.nbi4

SUBSTITUTE SHEET (RULE 26)



WO 2007/016597 PCT/US2006/030008
3/9

IGta (pg/mi)

r10
-0
8

) w w b g ] N - o
1 2 A 1 i [ N 1 ]

o
* 3
&)
5
ﬁi 5
Wﬁl | | ] || | ] | |
[=] =] Q (=] =] [~ ] o o (=) Q
§§ E 8 8 E G ¥
(w/Bd) o33v
3 m
()
p
=
>
- w“
O]
L
o]
L
_@
|_
_o
LL
o
<
T
©
1=
L b
| Z
o o o o o o o
o (o» Q o Q o
g ‘O_ (> o] (¢ <r N

(%) uonessyijold anpepRy .

SUBSTITUTE SHEET (RULE 26)



PCT/US2006/030008

WO 2007/016597

4/9

o0
(= A
=
2
-~ 08
N
(O
—
S
0}
(INT) 2-1dvL
00L L L V0O LODO O
-f ] | | 1 |-
LOO'D > o wuw L0000 > d aa
4903 - ——-
499 + =

Hl

TidVYL + 2L Z¥L
0
092
005
~0S. >
-]
~000L &
0STE &
os1 2
Sl
©HOt N 00Z O
oIV =1
Tidvil 82PLOV 41D
e R e
O-Q ”” 411“4411
M - =09
H Ty -
o =
"o = — — - 6oL
& KO A LOOO >d -
]
& —
c0 = .m ool
z s
3 .
o =
e @ d =002

edsy Auojon

SUBSTITUTE SHEET (RULE 26)



PCT/US2006/030008

WO 2007/016597

5/9

[InT] uonesnuasuosn

(=]

10
N

Y
0

2

C 1AV L e
2-IdVL WM 0L + 817 LDV mtpm Sl
8P LOY =l

(%) uonzesayjoid anneey

=GCl
UoRIqIyul 4493 03 S[i82 g-p L sozilisuas g-idv L

G a.nbi4

SUBSTITUTE SHEET (RULE 26)



WO 2007/016597

[TGFa] pg/mi

o
- n -
[ ] [} []

6/9

=15

N AREG
= TGFa

<
o

— AREG

 TGFo

2000

C

3 § 8 R’ ¢
Auojo2 Jad sjj89 jo JaquinN
<C

PCT/US2006/030008

[TGFa] pg/mi

w e v 9
- - Q O

siTACE-1

siCtrl

Q0 o
QO O
n o w
-

juybd [93y4v]

SUBSTITUTE SHEET (RULE 26)



WO 2007/016597 PCT/US2006/030008
7/9

. .|‘ AL l+lEE
L = T B i (U »”
:tlv ¢llb-’bb .o B|OMPA { ] lc'
e L 3
YHRP ooy 4 ! go
s e ,unnl- Vo ot I QompA g =
. . ,'.,..l, w0 R o RO =
o renfar emov 4 1 |W
4 4 sa un:A “lla‘o Y Nl see - ala.laA 1 1 4 q
'f&ﬁ§ of VL 1 + . (D
. o w
gmov + ! 44
AMBA | ) <L
e ' T S
amoy *+ 1D E
O Q
AMBA 1 1 >
Ry
~ Ya
B.JE |BUOIJI3S-55040 AUO|0Y) O
I—.
Q <{
el
-
Ig m
L
(5]
[17]
o

=
-
<

o
TR
QO
[t

o)
L
O
H
2
<

=
=
<]
Q
L
14
<

SUBSTITUTE SHEET (RULE 26)

O
LLl
14
<
o
S

<



WO 2007/016597 PCT/US2006/030008
8/9

= Vehicle
B TAPI-2

hd

TGFa

MDA-MB-468 HCC1500

N =) P Uy ™~N

m Buippays arney

Figure 8

ZR75B

AREG
HCC1500

=]

=
F

125

<C Buippays aAeoY

SUBSTITUTE SHEET (RULE 26)



PCT/US2006/030008
9/9

WO 2007/016597

(s1eap) fealung (sieap) jeAlaing

0z 51 0L g o 02 sl oL g 0
(922=U) eSO HF = . . m.Em: Teddn—
(69=u) eAEOON HIwme [OL IEno m%_... Lol

Loz - SIIMEND 1OMOTmm |0
oe @ Hog
oy &
g Loy
05 Log
09 § 09
P
0L 2 0L
- o8
06 06
-001 ﬁ_ 001
0 10)dedsay usbonsy uinBalyduy
(sieaj) jeajang (sieap) jeaining
0z St e s % 0 s 0l g 0
allHeny Jadd( m= ajiueny Joddn = 0
sjenp ._mﬁ%d_i. o Sl A
! — SIIUEND 19MO] mme
oz 5 IMEND JomoT— |
o -0g
o
8 -0p
-
o og
g
3 09
M 0L
08
06
q . .00
0491 30VL

6 2inbi4

[EAIAINS 1UB29d

SUBSTITUTE SHEET (RULE 26)

[BAIAINS JU3DIaY



WO 2007/016597 PCT/US2006/030008
1/4
SEQUENCE LISTING

SEQUENCE LISTING

<110> Regents of the University of California
Kenny, Paraic A.
Bissell, Mina J.

<120> TARGETING TNF-alpha CONVERTING ENZYME (TACE)- DEPENDENT
GROWTH
FACTOR SHEDDING IN CANCER THERAPY

<130> IB-2188PCT

<150> 60/703,654
<151> 2005-07-29

<160> 17
<170> Patentln version 3.3

<210> 1

<211> 15

<212> PRT
<213> Synthetic

<400> 1

Thr Arg Trp Leu Val Tyr Phe Ser Arg Pro Tyr Leu Val Ala Thr
1 5 10 15

<210> 2

<211> 21
<212> DNA
<213> synthetic

<400> 2
ccagagacuc gagaagcuut t 21

<210> 3

<211> 21
<212> DNA
<213> synthetic

<400> 3
gcagcauucg guaagaaaat t 21
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<210> 4

<211> 21
<212> DNA
<213> synthetic

<400> 4
cgagaacaau aagauguuut t

<210> 5

<211> 23
<212> DNA
<213> synthetic

<400> 5
‘gacctcaatg acacctactc igg

<210> 6

<211> 23
<212> DNA
<213> synthetic

<400> 6
gaaatattct tgctgacatt tge

<210> 7

<211> 24
<212> DNA
<213> synthetic

<400> 7

atggtccect cggetggaca gete

<210> 8

<211> 53
<212> DNA
<213> synthetic

<400> 8
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21

23

23

24

tcatagatct tcttctgata taagcettttg ttcgaccact gtttetgagt gge 53

<210> 9
<211> 22
<212> DNA
<213> synthetic
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<400> 9
tggaaaggac cttacacagt cc

<210> 10
<211> 35
<212> DNA
<213> synthetic

<400> 10
aaaaggatcc tcattttgat aaactactgt caatc

<210> 11
<211> 34
<212> DNA
<213> synthetic

<400> 11
aaaaggatcc tcaggecetge tictictgge tgge

<210> 12
<211> 24
<212> DNA
<213> synthetic

<400> 12
cccetggeca aggtecateca tgac

<210> 13
<211> 26
<212> DNA
<213> synthetic

<400> 13
cataccagga aatgagcttg acaaag

<210> 14
<211> 21
<212> DNA
<213> synthetic

<400> 14
cagcacagct geccaagtcat t

<210> 15

PCT/US2006/030008
3/4

22

35

34

24

26

21
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<211> 23
<212> DNA
-<213> synthetic

<400> 15
ccagcatctg ctaagtcact tcc

<210> 16
<211> 20
<212> DNA
<213> synthetic

<400> 16
cacactcagt tetgcetteca

<210> 17
<211> 23
<212> DNA
<213> synthetic

<400> 17
tcagaccact gtttctgagt ggc

4/4

23

20

23
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